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PREFACE 


This  paper  is  an  attempt  to  put  together  what  is  known  about 
prescribed  burning  in  the  chaparral  ecosystems.  It  also  draws 
upon  experience  from  related  ecosystems.  Work  done  over  a 
period  of  20  years  by  members  of  the  Fuel-break  Project  and 
the  more  recent  Chaparral  Management  Research  and  Devel- 
opment Program,  both  under  the  Pacific  Southwest  Forest  and 
Range  Experiment  Station,  is  summarized,  and  other  pertinent 
findings  reported  in  the  literature  are  also  included. 

The  first  part  of  this  paper  gives  a  general  overview  of  the 
procedures  necessary  to  plan,  carry  out,  and  evaluate  a 
prescribed  burning  project.  The  second  part  discusses  in  con- 
siderable detail  the  information  that  has  been  gathered  from 
research  and  experience  to  guide  decisionmaking  at  each  step 
of  the  procedure.  At  appropriate  points,  specific  recom- 
mendations are  made.  Future  practice  and  research  in  this  field 
will  fill  in  some  of  the  gaps  in  the  information  we  have — many 
such  gaps  are  indicated  in  the  discussion — and  allow  ad- 
ditional recommendations  to  be  made. 

Although  all  planning  considerations  are  discussed  at  least 
briefly,  emphasis  is  on  the  burn  prescription.  Most  fuel  man- 
agers and  fire  management  officers  who  have  adopted  or  been 
assigned  prescribed  burning  projects  have  had  more  problems 
with  prescription  development  than  with  all  of  the  other  phases 
of  prescribed  burning.  They  have  been  generally  comfortable 
with  equipment,  suppression  of  escapes,  mopup,  and  other  fire 
management  tasks  that  relate  to  suppression.  They  have  not 
been  equally  comfortable  with  the  tasks  called  for  in  planning 
to  burn  and  lighting  the  fire.  I  believe  that  much  more 


prescribed  burning  would  be  done  if  managers  felt  better  able 
to  predict  what  the  fire  might  do  under  the  existing  or  forecast 
weather  and  fuel  conditions. 

There  has  been  a  considerable  lack  of  understanding  of  the 
effects  of  fuel  and  weather  elements  on  fire.  Most  burning 
plans  submitted  to  the  Station's  Forest  Fire  Laboratory,  River- 
side, Calif.,  have  quoted  prescription  indexes  from  the  Cali- 
fornia (now  Pacific  Southwest)  Region's  Supplement  to  the ' 
Forest  Service  Manual  without  attention  to  specific  fuels  and  \ 
weather  elements.  This  paper  addresses  that  problem  by  dis- 
cussing the  various  elements  that  affect  fire  behavior,  then  fit- 
ting them  together  into  a  list — a  prescription — with  which  the 
prescribed  burn  manager  can  be  comfortable.  Much  less  space  | 
has  been  devoted  to  those  areas  where  most  fire  management  ■, 
officers  feel  proficient.  i 

Prescribed  fire  is  a  wildland  management  tool  whose  time  i 
has  come.  The  National  Park  Service,  U.S.  Department  of 
Interior,  committed  itself  to  prescribed  burning  several  years  i 
ago.  The  present  fire  policy  of  the  Forest  Service  makes  provi-  \ 
sion  for  allowing  prescribed  fires  to  bum  beyond  10:00  a.m.  i 
The  California  Department  of  Forestry  is  newly  committed  to  i 
prescribed  burning  projects  covering  more  than  100,000  acres  \ 
per  year.  This  publication  is  intended  to  reinforce  the  increased ' 
emphasis  on  prescribed  burning.  { 
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Prescribed  burning  is  the  application  of  fire  to  wildland  fuels 
under  such  conditions  of  weather,  fuels,  and  topography  that 
specific  objectives  are  accomplished  safely.  Prescribed  bum 
objectives  in  chaparral  usually  include  hazard  reduction  and 
wildlife  habitat  improvement. 

Environmental  statements,  reports,  and  bum  plans  are  part 
of  burn  preparation  and  must  be  completed  and  approved  well 
ahead  of  the  anticipated  bum  date.  The  prescription  is  a  promi- 
nent part  of  the  bum  plan.  Fixed  prescription  elements  such  as 
the  proportion  of  dead  fuel  in  the  stand  and  the  slope  percent 
should  also  be  estimated  or  determined  before  the  bum  day. 
Then,  ranges  of  those  factors  that  change  rapidly — the  dead 
fuel  moisture,  relative  humidity,  windspeed  and  direction,  and 
air  temperature — can  be  established. 

Test  burns  are  a  useful  check  on  all  the  burn  preplanning. 
The  test  burn  is  made  on  a  small  area  where  the  fire  can  be 
observed  before  the  main  bum  is  ignited.  With  the  test  bum 
completed  satisfactorily,  the  main  bum  can  be  ignited  with 
greater  confidence  that  all  will  go  well. 

When  bum  preparations  are  complete  and  fuel  and  weather 
are  within  prescription,  highest  priority  should  be  given  to  get- 
ting the  burning  job  done.  If  unexpected  unfavorable  bum 
conditions  develop,  the  burn  boss  must  modify  or  postpone  the 
firing;  otherwise,  he  will  proceed  to  completion.  Careful 
mopup  and  patrol  of  the  perimeter  are  essential. 

Bum  evaluation  is  a  final  step  that  should  improve  prescribed 
bum  performance.  Weather  and  fuel  conditions  during  the  fire 
should  be  correlated  with  fire  behavior  and  burn  results  as  a 
check  on  the  prescription  and  as  a  guide  to  future  burning. 

The  elements  of  the  bum  prescription  are  drawn  from  a 
range  of  values  for  influences  on  fire  behavior.  Fuel  conditions 
affect  fire  behavior  as  follows: 

•  The  dead  fuel  moisture  determines  whether  dead  fuels 
will  burn,  or  how  intensely.  Bmsh  that  is  20  to  30  percent  dead 
should  be  bumed  at  about  6  to  9  percent  dead  fuel  moisture. 
This  moisture  percentage  should  increase  as  the  proportion  of 
dead  fuel  increases;  brush  stands  about  50  percent  dead  should 
be  burned  with  a  dead  fuel  moisture  of  10  to  15  percent.  Fuel 
moisture  of  twigs  V4  to  1  inch  (0.6  to  2.5  cm)  in  diameter  is 
frequently  estimated  with  fuel  moisture  sticks. 


•  Live  fuel  moisture  can  also  be  important,  because  con- 
siderable energy  is  required  to  drive  off  moisture  before  the 
live  fuel  will  burn.  For  prescribed  burning  of  mature  brush, 
live  fuel  moisture  should  be  60  to  75  percent.  As  the  fuel  mois- 
ture drops  below  60,  the  chaparral  burns  more  and  more  vio- 
lently. If  the  live  fuel  moisture  is  above  85  percent,  little  bum- 
ing  can  be  accomplished. 

•  Because  dead  fuel  carries  the  fire  in  chaparral  and  live  fuel 
absorbs  energy  as  it  is  dried,  the  ratio  of  dead-to-live  fuel  in  the 
stand  is  obviously  important.  Chaparral  less  than  20  percent 
dead  seldom  burns  under  prescribed  fire  conditions,  and 
chaparral  less  than  25  years  old  is  usually  less  than  20  percent 
dead.  Brush  35  to  50  years  old  and  30  to  45  percent  dead  is 
ready  for  prescribed  burning.  Decadent  or  treated  bmsh  that  is 
45  to  100  percent  dead  can  be  expected  to  bum  with  intense  fire 
unless  other  factors,  such  as  moisture  content,  limit  the  rate  of 
combustion.  Fire  behavior  studies  indicate  that  fire  is  more  and 
more  intense  as  the  amount  of  available  fuel  increases,  and  as 
the  depth  of  the  fuel  bed  increases.  About  70  to  80  percent  of 
small-stemmed  shmbs  such  as  chamise  and  Salvia ,  and  only 
about  half  the  volume  of  shrub  species  with  stems  of  larger 
diameter,  is  available  fuel. 

•  Chemical  content  of  fuels  is  not  usually  considered  in 
most  planning  for  a  prescribed  burn,  but  species  whose  dry 
weight  contains  more  than  7  percent  ether  extractive  products 
tend  to  burn  more  fiercely  than  those  containing  less  than  7 
percent.  Inorganic  or  mineral  constituents  tend  to  slow  down 
combustion. 

Weather  elements  are  as  important  as  fuel  conditions  in 
prescribed  burning.  Most  relevant  weather  elements  are 
measurable  at  the  burn  site  or  can  be  obtained  from  National 
Weather  Service  forecasters. 

•  Wind  is  the  factor  most  difficult  to  forecast  accurately  and 
the  local  element  causing  fire  bosses  the  most  problems.  Winds 
should  not  be  more  than  10  mi/h  (16  km/h)  for  burning  chapar- 
ral, and  4  to  8  mi/h  (6.4  to  12.8  km/h)  is  usually  about  right. 
Some  wind  is  needed  or  fire  will  not  spread  unless  terrain  is 
steep. 

•  Relative  humidity  must  be  considered  in  prescribed  burn- 
ing because  of  its  effect  on  moisture  content  of  small  dead 
fuels.  If  relative  humidity  is  less  than  50  percent  for  one  to 
several  hours,  fine  fuel  moisture  will  be  less  than  10  percent 
and  the  fuel  will  probably  burn  readily  or  intensely.  Fine  fuel 
moistures  of  10  to  20  percent  occur  when  the  relative  humidity 
has  been  60  to  100  percent,  particularly  when  temperatures  are 
low.  Relative  humidity  changes  rapidly  as  temperature  rises  or 
falls.  The  effects  of  changes  in  elevation  are  important  if  the 
differences  are  2000  ft  (610  m)  or  more.  Mature  or  decadent 
stands  of  chaparral  that  are  one-third  dead  should  be  burned  at 
25  to  35  percent  relative  humidity. 

•  Air  temperature  affects  relative  humidity,  and  warm  fuels 
burn  more  readily  than  cool,  damp  fuels.  The  likelihood  of 
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spotting  increases  above  75°  or  80°  F  (24°  or  27°  C) .  Damage  to 
tree  canopies  is  greater  if  the  temperature  is  higher  than  70°  F 
(21°  C).  A  temperature  range  of  60°  to  80°  F  (15°  to  27°  C)  is 
best  for  burning  standing  chaparral. 

Several  other  factors  should  be  considered  in  the  burn 
prescription: 

•  Topography — Irregular  terrain  affects  wind  patterns, 
usually  making  fire  control  more  difficult.  Elevation  influences 
time  of  year  when  growth  starts  and  herbaceous  vegetation  ma- 
tures. Fuels  on  southerly  aspects  are  drier  than  those  on  north- 
erly exposures;  fires  set  on  south-facing  slopes  can  often  be 
counted  on  to  go  out  at  the  ridgetop  during  the  winter  and 
spring.  Slope  affects  fire  spread  much  as  wind  does;  fire  spread 
will  roughly  double  for  each  25-percent  slope  increase. 

•  Time  of  burn — Any  time  of  year  is  suitable  for 
prescribed  burning,  although  prescription  conditions  exist  only 
infrequently  during  summer  and  fall.  Probably  the  safest  time 
of  day  to  burn,  if  conditions  are  within  prescription  limits,  is 
midday  to  late  afternoon. 

In  addition  to  the  burn  prescription,  planning  addresses 
other  concerns .  Brush  that  is  less  than  20  percent  dead,  includ- 
ing most  chaparral  less  than  25  years  old,  can  seldom  be 
burned  satisfactorily  without  a  crushing  or  chemical  spray 
treatment.  Any  method  of  crushing  that  breaks  off  branches 
and  compacts  shrubs  is  satisfactory.  Spraying  with  2,4-D  or 
other  herbicide  can  be  done  during  late  spring,  with  burning  to 
follow  during  fall  or  winter. 


Most  prescribed  burns  in  chaparral  use  the  perimeter 
method  of  firing .  Firing  starts  at  the  upper  elevations  and  up- 
wind, and  proceeds  across  the  top,  down  the  sides,  and  across 
the  bottom  of  the  burn  area.  Strip  headfiring,  center  perimeter 
firing,  and  area  ignition  may  be  used  at  times.  The  helitorch 
promises  to  be  a  useful  new  tool  for  igniting  brush  burns. 

The  Clean  Air  Act  and  subsequent  State  legislative  response 
place  restrictions  on  prescribed  burning,  such  as  the  require- 
ment that  smoke  dispersion  be  away  from  sensitive  areas.  The 
burn  planner  should  be  familiar  with  these  laws.  Combustion  is 
most  nearly  complete  and  there  is  less  smoke  when  dry  or 
nearly  dry  fuels  are  burned.  Backing  fires  produce  less  smoke 
than  headfires.  Smoke  released  above  an  inversion  will  gen- 
erally disperse,  but  smoke  released  under  an  inversion  accumu- 
lates and  fills  the  atmosphere  close  to  the  ground. 

Inexperienced  prescribed  burn  managers  tend  to  use  more 
manpower  and  equipment,  and  build  wider  control  lines  than 
experienced  managers.  Several  National  Forests  have  burned 
south  slope  vegetation  during  the  winter  without  control  lines. 

The  prescribed  burn  manager  must  take  advantage  of  Na- 
tional Weather  Service  forecasts,  and  he  must  supplement  this 
with  weather  data  collected  at  the  burn  site  during  2  weeks 
prior  to  the  burn. 

The  National  Fire  Danger  Rating  System  was  not  designed 
for  prescribed  burning,  but  it  does  give  indication  of  ignition 
hazard  and  fire  spread.  Methods  of  interpreting  the  NFDRS  for 
prescribed  burning  are  being  developed. 


Figure  1 — The  most  damaging  wildland  fires  occur  when  fuels  are 
very  dry,  temperature  and  windspeed  are  high,  and  relative  humid- 
ity is  low. 


The  concept  of  burning  chaparral  as  a  deliberate  manage- 
ment action  is  not  new,  but  it  still  carries  some  uncomfort- 
able associations.  Some  of  these  may  be  removed  by  consider- 
ing the  difference  between  wildfire  and  prescribed  burning. 
Damaging  wildfires  in  chaparral  usually  occur  during  periods 
when  fuels  are  very  dry,  relative  humidity  is  very  low,  and  air 
temperature  and  windspeeds  are  high  {fig.  1).  Such  wildfires 
are  frequently  disastrous  for  soil  as  well  as  vegetation;  they 
remove  plant  litter,  and  are  followed  by  soil  erosion  over  exten- 
sive areas  (fig.  2).  The  site  is  degraded  as  fine  soil  particles, 
humus,  and  nutrients  are  removed.  Prescribed  burns,  on  the 
other  hand,  are  conducted  under  more  moderate  burning  condi- 
tions. The  manager  is  generally  satisfied  with  removal  of  a 
small  amount  of  fuel,  less  heat  is  generated,  and  there  is  less 
site  disturbance,  over  a  more  limited  area,  than  during  wild- 
fires. 

Planned  burning  of  chaparral  fuels  for  range  improvement 
has  been  practiced  by  California  ranchers  under  permit  from 


the  California  Department  of  Forestry  since  1945.  In  1977,  this 
controlled  burning  covered  more  than  2  million  acres  (810,000 
ha)  (Calif.  Dep.  Forestry  1978).  Burns  were  planned  at  winter 
meetings  of  county  range  improvement  organizations,  and 
summer  burn  dates  were  assigned  to  ranchers  who  requested 
them.  The  rancher  completed  preparations  for  controlled  burn- 
ing, and  with  the  help  of  other  ranchers  and  friends,  conducted 
the  burn.  Results  were  variable  and  some  fires  escaped  control, 
but  burning  costs  were  minimal. 

Research  and  administrative  personnel  of  State  and  Federal 
agencies  frequently  advocated  more  preparation  for  burning, 
and  more  follow-up  seeding,  than  was  usually  done  on  rancher 
burns.  They  advised  more  attention  to  fuel  preparation  and  to 
confining  burns  to  conditions  of  weather  and  fuel  moisture  that 
would  allow  safe  burning,  the  accomplishment  of  burning  ob- 
jectives, and  minimum  site  damage  at  reasonable  cost.  This 
more  exacting  or  scientific  employment  of  fire  as  a  manage- 
ment tool  has  become  known  as  "prescribed"  burning. 


Figure  2 — Following  wildfire  in  mountainous 
terrain,  the  exposed  soil  is  frequently  carried 
down  into  urban  areas  below. 


PROCEDURES  IN  PRESCRIBED 
BURNING 


Prescribed  burning  is  the  application  of  fire  to  wildland  fuels 
under  such  conditions  of  weather,  fuels,  and  topography  that 
specific  objectives  are  accomplished  safely.  Those  who  have 
conducted  a  prescribed  burning  project  know  that  it  begins 
long  before  the  fire  is  lit,  and  does  not  end  until  long  after  the 
fire  is  out.  In  the  following  sections,  the  main  concerns  of  the 
burn  manager  are  described. 

The  preparations  for  a  prescribed  burn  may  include  proce- 
dures not  specifically  discussed  here,  because  they  are  part  of 
broader  management  responsibiUties.  It  is  important  to  note, 
however,  that  such  duties  as  writing  environmental  analysis 
reports  and  impact  statements  pertaining  to  the  burn  area,  get- 
ting the  necessary  approval  at  higher  levels  of  authority,  and 
coordinating  with  other  disciplines  are  all  essential  to  success 
of  a  prescribed  burning  project  on  public  lands.  These  jobs 
should  be  completed  well  in  advance  of  the  burn  date.  Many 
times,  fire  and  fuels  management  personnel  have  watched  in 
frustration  as  good  burn  opportunities  went  by,  sometimes  for 
an  entire  year,  because  the  required  paperwork  was  not  com- 
pleted and  approved. 


Preparing  the  Burn  Plan 

A  written  burning  plan,  prepared  by  knowledgeable  people, 
is  needed  for  each  prescribed  burn.  The  plan  can  be  a  simple 
document  if  burn  personnel  are  experienced  and  competent; 
otherwise  it  may  need  to  be  complex  so  that  important  points 
will  not  be  overlooked.  The  burning  plan  should  be  clearly 
stated  and  should  include  the  following  items: 


Burn  objectives — Objectives  influence  the  size  of  the  bum, 
preparation  of  the  burn  prescription,  and  the  general  planning 
and  conduct  of  the  burn. 

Area  map — This  should  include  boundaries;  generalized  to- 
pography; roads  and  directions  of  travel;  location  of  water 
supplies;  bum  compartments  if  used;  problem  areas;  sector  as- 
signments for  firing,  and  for  suppression  crews;  and  any  areas 
to  be  protected. 

Description  of  the  burn  unit  and  surrounding  area — This 
should  cover  the  items  shown  on  the  map,  and  also  the  vegeta- 
tion. 

Burn  prescription — This  should  be  an  appraisal  of  the  influ- 
ences on  fire  behavior  (fuels,  weather,  topography,  etc.),  giv- 
ing acceptable  ranges  for  each. 

Approximate  date  and  time  of  burn — These  cannot  be  estab- 
lished precisely  more  than  a  day  or  two  before  the  bum. 

Ignition  procedure — This  depends  on  the  topography,  the 
prevailing  winds,  and  the  bum  objectives. 

Manpower  arui  equipment  estimate — These  must  be 
planned  for,  so  they  will  be  available  when  needed. 

Burn  publicity  plan  — This  should  indicate  the  audience  for 
public  statements  and  news  releases — including  supervisors, 
interested  staff,  cooperators,  any  individuals  or  organizations 
that  may  be  affected  by  the  burn,  and  the  news  media. 

Line  of  authority — This  should  be  clearly  established,  so 
that  qualified  people  are  in  charge  of  all  aspects  of  the  burn. 

Some  of  the  items  in  the  burn  plan  are  discussed  in  greater 
detail  in  later  sections  of  this  paper.  Others  are  briefly  covered 
here. 


Setting  Objectives 

A  manager  planning  a  prescribed  bum  should  have  in  mind 
some  desired  accomplishments,  some  objectives  to  be  attained 
by  the  project.  For  chaparral  buming,  the  objectives  are  fre- 
quently wildfire  hazard  (fuel)  reduction  and  wildlife  habitat 
improvement  (fig.  3).  Vegetation  may  also  be  manipulated  by 
fire  to  encourage  palatable  shrubs  such  as  wedgeleaf  ceanothus 
(Ceanothus  cuneatus  [Hook]  Nutt.),  to  retard  brush  succes- 
sion, to  reduce  undesirable  herbaceous  plants  such  as 
medusa-head  grass  (Elymus  caput-medusae  L.),  or  to  prepare 
the  site  for  planting  trees  or  perennial  grasses.  Other 
prescribed  burning  objectives  in  chaparral  might  be  to  protect 
structures  or  valuable  trees,  ease  access  into  bmshfields  for 
recreation  or  for  livestock  management,  or  increase  water 
yield. 

Only  if  the  prescribed  burn  objective  is  clearly  expressed, 
can  a  burning  prescription  to  accomplish  it  be  written.  Here  are 
some  possible  objectives: 

•  Run  fire  through  two-thirds  to  three-fourths  of  the  area 
within  control  lines,  eliminating  existing  dead  fuel  in  the  0-  to 
3-inch  (0-  to  7.6-cm)  diameter  class,  removing  the  loose  htter 
and  part  but  not  all  of  the  compacted  litter,  and  burning  green 
twigs  up  to  V4  inch  (0.6  cm)  in  diameter.  Leave  islands  of  un- 
burned  brash. 


•  Reduce  the  hazard  to  black  oak  and  pine  trees  in  the  area 
so  they  can  be  expected  to  survive  a  wildfire. 

•  In  a  100-acre  (40-ha)  area  dominated  by  canyon  live  oak, 
remove  the  dead  fuels  up  to  %  inch  (0.2  cm)  in  diameter,  re- 
move part  of  the  leaf  litter  without  exposing  mineral  soil,  but 
kill  no  more  than  30  percent  of  the  canopy  of  the  standing  trees 
whose  stems  are  greater  than  3  inches  (7.6  cm)  basal  diameter. 

•  Improve  deer  habitat  by  inducing  new  sprouts  and  en- 
couraging ceanothus,  and  by  temporarily  increasing  forb  pro- 
duction, on  bum  areas  of  5  to  20  acres  (2  to  8  ha). 

•  Reduce  brush  fuels  sufficiently  to  allow  the  area  to  be 
seeded  with  the  rangeland  drill. 

Establishing  Size  of  Burn 

Prescribed  bum  acreage  in  chaparral  depends  on  manage- 
ment objectives,  and  on  such  considerations  as  exposure,  to- 
pography, need  to  complete  the  burn  during  one  burning 
period,  need  for  acreage  accomplishment,  location  of  existing 
fire  barriers  that  can  be  used  as  firelines,  and  method  of  firing. 

In  general,  the  larger  the  burn  area,  the  larger  the  ratio  of 
burn  area  to  perimeter,  and  the  easier  fire  control  tends  to  be. 
The  cost  per  unit  area  burned  is  considered  to  be  inversely 
proportional  to  the  area  of  the  burn,  with  costs  rising  steeply  on 
small  areas  (Cheney  1978).  Costs  per  unit  area  of  rancher- 
controlled  burns  monitored  by  the  California  Department  of 
Forestry  tend  to  increase,  however,  when  burn  size  exceeds 
450  to  500  acres  (180  to  200  ha)  (Sampson  and  Burcham  1954). 

Small  bums  are  usually  completed  during  one  burning 
period;  otherwise  there  is  excessive  expense  for  patrolling  and 
the  danger  of  unfavorable  weather.  If  blocks  are  laid  out  so  they 


can  be  ignited  and  the  boundaries  mopped  up  within  1  day,  the 
bum  size  is  usually  limited  to  a  range  of  40  to  150  acres  (16  to 
60  ha),  although,  if  terrain  is  suitable  and  holding  lines  are  not 
a  problem,  several  hundred  acres  can  sometimes  be  burned. 
When  the  helitorch  is  used,  much  larger  blocks  can  be 
planned,  particularly  in  remote  areas. 


Writing  the  Prescription 

The  elements  of  a  burn  prescription  are  drawn  from  a  range 
of  values  for  various  influences  on  fire  behavior.  These  values 
can  be  expected  to  produce  fire  response  at  a  given  level  of 
intensity,  broadly  estimated.  That  is,  the  fire  may  be  of  high, 
medium,  or  low  intensity,  depending  on  the  values  chosen  for 
the  prescription.  The  summary  of  values  presented  in  table  1  is 
appropriate  for  standing  chaparral,  and  is  based  on  the  detailed 
discussion  provided  in  a  separate  section .  The  values  given 
should  not  be  used  for  a  prescription  without  preliminary  re- 
view of  the  discussion,  which  includes  both  basic  theory  and 
practical  advice  drawn  from  research  and  experience.  Impor- 
tant qualifications  of  the  judgments  represented  in  the  table  are 
provided,  as  well  as  a  definition  of  the  three  levels  of  fire  inten- 
sity. 

Burning  in  Cliaparral 

Some  of  the  values  required  for  the  burn  prescription  table 
are  "fixed"  and  should  be  determined  in  advance.  The  propor- 
tion of  dead  fuel  can  be  estimated  from  the  stand  age,  but  a 
much  better  approach  is  to  estimate  it  carefully  onsite.  Live 


Figure  3 — Burning  objectives 
for  this  area  might  include  cre- 
ation of  a  mosaic  pattern  of 
uneven-aged  stands,  improve- 
ment of  w^ildllfe  habitat,  and  pro- 
tection of  the  oaks  against 
wildfire. 


fuel  moisture  trends  can  be  estimated  from  the  report  titled 
"California  Chaparral  Live  Fuel  Moisture  Conditions" 
(formerly  "California  Fire  Weather  Severity"),  published 
every  2  weeks  during  the  fire  season  by  the  Forest  Service's 
Pacific  Southwest  Region  (R-5).  The  live  fuel  moisture  should 
be  determined  more  precisely  onsite  during  the  weeks  just  be- 
fore the  burn,  so  that  adjustments  can  be  made,  if  necessary,  in 
the  prescription  of  acceptable  humidity,  temperature,  and 
windspeed.  Topographic  features  and  available  fuel  quantity 
and  continuity  can  be  noted  in  advance.  Important  topographic 
features  include  aspect,  slope,  and  canyons  or  other  significant 
features  that  would  affect  fire  behavior. 

Once  the  fixed  elements  have  been  covered,  acceptable 
values  for  the  variable  elements — the  dead  fuel  moisture,  rela- 
tive humidity,  windspeed  and  direction,  air  temperature,  and 
time  of  day — can  be  selected  as  needed  to  safely  accomplish 
the  burn  objectives.  For  example,  assume  that  the  burning  ob- 
jective is  similar  to  the  first  objective  described  in  Setting  Ob- 
jectives, "Run  fire  through  two-thirds  to  three-fourths  of  the 
area  within  control  lines.  .  .  .  Leave  islands  of  unburned 
brush."  This  objective  is  likely  to  be  accomplished  if  most 
prescription  items  are  in  the  medium  range  or  the  low  end  of  the 
high  range  of  fire  intensity,  and  if  the  brush  is  more  than  30 


years  old.  The  additional  qualifications,  to  bum  only  the  3-inch 
(7.6-cm)  diameter  or  smaller  dead  material,  if  larger  sizes  are 
present,  and  only  part  of  the  litter,  requires  that  the  burn  be 
made  during  the  winter  or  early  spring,  after  considerable  rain 
or  snow,  but  after  a  few  days  of  dry  weather  so  that  the  smaller 
fuels  and  upper  duff  will  burn. 

Let  us  further  assume  that  the  area  to  be  burned  is  90  acres 
(36  ha)  of  30-year-old  chaparral  dominated  by  chamise.  The 
aspect  is  predominantly  southerly,  although  drainages  create 
some  east  and  west  exposure.  Slope  is  10  to  25  percent  (6°  to 
14°)  on  the  lower  slope,  increasing  to  45  percent  (24°)  just 
below  the  ridgetop  firebreak.  About  25  to  30  percent  of  the 
stand  is  dead.  Brush  stems  in  the  chamise  chaparral  are  mostly 
less  than  3  inches  (7.6  cm)  in  diameter,  so  burning  is  not 
restricted  to  a  time  when  the  larger  fuels  are  wet  through. 

In  table  J,  we  find  prescription  suggestions  for  our  burn  as 
follows: 


Dead  fuel  (fuel  stick)  moisture 
Live  fuel  moisture 
Relative  humidity 
Air  temperature 
Windspeed 


6  to  8  percent 
60  to  7.5  percent 
18  to  25  percent 
60'"  to  80°  F  (15°  to  27°  C) 

5to8mi/h(8to  I3km/h) 


Table  I  — Influences  on  fire  intensity  as  elements  of  a  burn  prescription  for  standing  chaparral 


Units 

Values  that  produce  given  fire 

ntensity  response 

Indicators 

Low 

Medium 

High 

Fixed 

Total  biomass 

tons/acre 

3  to  10 

1 1  to  30 

3 1  to  45 

Available  fuel 

tons/acre 

3  to  6 

6  to  10 

10  or  more 

Dead  fuel 

pet.  of  total 

20  to  30 

3 1  to  45 

46  or  more 

Live  fuel  moisture 

percent 

90  to  76 

75  to  60 

59  to  45 

Continuity  of  fuel 

pet.  cover 

-£40 

41  to  70 

7 1  to  90 

Slope 

percent 

Oto  19 

20  to  40 

41  to  70 

Aspect 

N,NE 

E,SE,  NW,  W 

SW,  S 

Season 

Spring 

Winter,  early 
spring 

Late  summer,  fall, 
early  winter 

Flammable  chemical  conte 

nt 

Low 

Medium 

High 

Variable 

Dead  fuel  moisture 
when  fuel  is 
20  to  30  percent  dead 
3  I  to  45  percent  dead 
46  to  65  percent  dead 
66  to  100  percent  dead 

Relative  humidity 
when  fuel  is 
20  to  30  percent  dead 
3  1  to  45  percent  dead 
46  to  65  percent  dead 
66  to  100  percent  dead 

Windspeed 

Air  temperature 

Time  of  day 


pet.  fuel  stick 

12  to  9 

8  to  6 

5  to  3 

18  to  12 

11  to  7 

6to5 

20  to  15 

14  to  9 

8  to  6 

30  to  19 

18  to  11 

10  to  8 

percent 

35  to  26 

25  to  18 

17  to  15 

45  to  36 

35  to  24 

23  to  18 

60  to  41 

40  to  3  1 

30  to  25 

75to41 

40  to  36 

35  to  20 

mi/h 

Oto  4 

5  to  8 

9  to  12 

op 

20  to  59 

60  to  80 

8 1  to  95 

Early 

Late  morning. 

Early  to  mid- 

morning 

late  afternoon 

afternoon 

The  values  for  medium  fire  intensity  in  table  I  will  generally  > 
be  adequate  to  accomplish  objectives,  but  trade-offs  can  be 
made.  For  example,  if  slopes  are  gentle  or  brush  is  not  contin- 
uous, higher  windspeeds  are  needed  to  spread  the  fire.  If  the 
proportion  of  dead  fuel  is  on  the  low  side  of  the  appropriate 
dead-live  range,  the  dead  fuel  moisture  and  relative  humidity 
prescription  items  might  include  the  upper  part  of  the  high  in- 
tensity range  in  compensation.  If  the  live  fuel  moisture  is  above 
or  below  the  desirable  range,  other  prescription  items  can  be 
adjusted. 

It  is  important  that  the  prescription  not  be  extremely  narrow, 
or  the  burning  conditions  will  seldom  be  realized.  It  should  be 
flexible  enough  to  allow  the  fire  boss  to  make  adjustments  if 
conditions  change. 

A  desirable  practice  is  to  select  several  areas  for  prescribed 
burning,  at  different  elevations,  and,  if  possible,  on  different 
exposures.  Then,  if  one  area  does  not  fit  the  prescription  at  a 
given  time,  another  may  do  so.  One  location  may  be  in  fog 
while  another  at  higher  elevation  is  in  bright  sunlight,  or  one 
may  be  below  an  inversion  layer  while  another  is  above  it.  (The 
Mendocino  National  Forest  has  found  this  procedure  useful  in 
their  prescribed  burning  of  wildlife  habitat.) 

A  second  approach  to  arriving  at  prescription  elements  for 
standing  chaparral  is  the  "alignment"  method  illustrated  in 
table  2.  A  prescription  number  assigned  on  the  basis  of  stand 
age,  proportion  of  dead  fuel,  and  fuel  reduction  objective  is 
"aligned"  with  a  corresponding  number  for  a  specified  set  of 
values  for  fuel  moisture,  windspeed,  etc.  Again,  the  propor- 
tion of  dead  material  in  the  stand  is  dominant  in  determining 
the  prescription.  Brush  stands  with  less  than  20  percent  dead 
fuel  will  not  burn  under  moderate  burning  conditions.  They 
must  be  treated  with  chemicals,  or  crushed.  There  is  a  rough 
correlation  between  age  of  stand  and  proportion  of  dead  mate- 
rial, and  this  can  be  used  as  a  guide,  but  the  dead  proportion 
should  be  directly  estimated  by  careful  examination  in  the 
field. 

Burning  Under  Canopies 

Underburning — the  use  of  fire  to  remove  fuels  under 
trees — is  sometimes  necessary.  Many  fuel  managers  have 
learned  to  use  fire  under  ponderosa  pine  and  other  trees  in  the 
mixed-conifer  forest.  Pine  needles  or  bear  clover 
{Chamaebatia  foliolosa  Benth.)  or  both,  are  the  dominant 
fuels,  and  flames  1  to  2  ft  (0.3  to  0.6  m)  high  can  usually  be 
maintained  without  damage  to  trees  6  inches  (15  cm)  in  diame- 
ter or  larger. 

Underburning  in  the  California  oaks  presents  greater  prob- 
lems. California  oaks,  with  the  exception  of  coast  live  oak 
{Quercus agrifolia  Nee.)  are  thin-barked  and  sensitive  (Plumb 
1980).  Their  branches  frequently  sweep  the  ground,  and 
chaparral  grows  around  and  under  them.  Consequently,  using 
fire  to  remove  fuels,  without  serious  damage  to  oak  tree 
canopies  or  stems,  is  a  difficult  task  (Jig.  4).  Hand  or  me- 
chanical removal  of  brush  fuels  in  proximity  to  the  oak  groves, 
and  pruning  of  the  oaks  themselves,  are  frequently  needed  be- 
fore burning  (Green  1980).  If  an  area  dominated  by  oak  or 
tanoak  {Lithocarpus  densiflora  Rehd.)  has  not  burned  for  40 


Table  2 — Examples  of  the  alignment  of  brush  stand  and  fuel  objective  with  the 
burning  prescription.  Method:  To  arrive  at  an  approximate  prescription,  use 
the  proportion  of  dead  fuel  and  the  fuel  reduction  objective  of  the  bum  to 
determine  the  prescription  number,  then  find  the  column  for  the  corresponding 
prescription  number  in  the  lowest  table  The  prescription  will  be  a  small  range 
on  either  side  of  the  values  given  (Prescription  3  would  fall  between  2  and  4, 
etc.) 


Proportion  of 

Prescription  nu 

Tiber,  by 

fuel  reduction  (percent) 

Age  of  stand 

dead  fuel 

1 

(years) 

(percent) 

75  or  greater 

50  to  75 

Less  than  50 

7  to  20 

5  to  20 

1 

1 

20  to  35 

20  to  30 

2 

- 

4 

35  or  more 

30  to  45 

5 

6 

7 

50  or  more 

45  to  65 

8 

9 

10 

Prescription 

2 

4 

5 

7 

8 

10 

Windspeed.  mi/h 

10 

6 

8 

3 

6 

0 

Relative  humi 

dity.  percent 

17 

28 

25 

40 

35 

70 

Air  temperature.  °F 

90 

65 

85 

60 

75 

40 

Fuel  stick  moisture,  percent 

5 

8 

7 

10 

9 

16 

Live  fuel  moisture,  percent 

60 

65 

65 

75 

65 

85 

Note:  Prescription  I  should  include  crushing,  or  spraying  with  herbicide.  This 
brush  is  too  green  for  successful  prescribed  burning  It  may  also  be  too  flexible 
for  successful  crushing.  Prescriptions  2  and  3  will  also  need  treatment  if  the 
dead  fuel  is  in  the  lower  part  of  the  range. 


years  or  longer,  it  is  likely  to  contain  dead  fuel  more  than  3 
inches  (7.6  cm)  in  diameter  that  will  burn  with  great  intensity. 
Unless  these  fuels  can  be  reduced  manually  or  mechanically, 
burning  should  be  done  when  the  large  fuels  are  thoroughly  wet 
and  will  not  burn;  that  is,  in  winter  or  early  spring. 

The  following  prescription  for  underburning  can  be  used  in 
the  ponderosa  pine  forest.  It  is  also  suitable  for  oak,  if  some 
fuel  reduction  is  done  in  dense  stands  by  other  methods: 


Values  that  produce  a  given 

fire  intensity  response 

dicator: 

Low 

Medium 

High 

Dead  fuel  moisture,  pet. 

18  to  16 

15  to  10 

9  to  7 

Live  fuel  moisture,  pet. 

90  to  76 

75  to  60 

59  to  45 

Relative  humidity,  pet. 

60  to  41 

40  to  3  1 

30  to  25 

Air  temperature.  °F 

20  to  39 

40  to  70 

7 1  to  80 

Windspeed.  mi/h 

1  to  3 

4  to  8 

9  to  10 

Making  a  Test  Burn 

When  all  preparations  are  complete,  high  priority  can  be 
given  to  accomplishing  the  burn  on  any  date  that  meets  the 
prescription  requirements.  This  date  is  identified  from  National 
Weather  Service  forecasts  and  from  monitoring  of  fuel  and 
weather  conditions  onsite. 

The  number  of  days  during  a  year  when  precise  bum 
prescription  requirements  exist  are  relatively  few,  generally 


Figure  4 — To  make  the  oak  trees, 
and  the  house  near  them,  rela- 
tively safe  from  wildfire  would 
require  pruning  of  the  lower  tree 
branches,  hand  cutting  or 
tractor  removal  of  brush  from 
under  and  around  the  trees  and 
house,  crushing  ordisking  a  buf- 
fer strip,  and  prescribed  burning 
of  the  treated  fuel  during  late 
winter  or  early  spring. 


not  more  than  25  or  30  in  the  chaparral,  because  of  prescription 
limitations  and  smoke  management  regulations.  The  number  is 
further  reduced  because  manpower  is  not  available  on 
weekends. 

Johnson  and  Main  (1978)  tabulated  10  years  of  relative 
humidity,  temperature,  windspeed,  and  precipitation  data  from 
the  Mark  Twain  National  Forest  in  Missouri,  and  found  that 
there  were  about  18  working  days  (Monday-Friday)  per  year 
with  satisfactory  burning  conditions.  Similar  calculations  can 
be  made  using  data  from  any  fire  danger  rating  station.  In  Lake 
County,  California,  Biswell  (1960)  could  broadcast  bum  from 
47  to  53  days  in  the  pine  forest,  and  Schimke  and  Green  (1970) 
reported  an  average  of  25  days  during  the  spring  and  18  days 
during  the  fall  when  good  broadcast  burning  conditions  existed 
in  the  central  California  mixed-conifer  zone. 

Because  suitable  burn  days  are  so  few,  anyone  wanting  to 
conduct  a  bum  should  have  all  environmental  statements, 
burning  plans,  and  other  needed  approvals  well  in  advance  of 
the  suggested  burn  date.  When  the  prescription  conditions 
exist,  the  prescribed  burn  should  have  highest  priority  for  per- 
sonnel and  equipment.  Establishing  alternate  sites  that  have 
different  prescription  requirements  or  different  prevailing  con- 
ditions, and  planning  for  possible  night  burning  can  increase 
the  opportunities. 

Before  any  fire  is  ignited,  the  burn  boss  should  assemble  and 
organize  the  crew  early  enough  to  allow  a  thorough  orientation 
and  briefing  (Martin  and  Dell  1978').  Each  crew  member 


'This  reference  includes  detailed  checklists  for  the  burning  plan  and  its 
execution. 


should  understand  his  job,  and  also  know  what  others  will  be 
doing.  He  should  be  aware  of  contingency  plans  and  safety 
procedures.  The  fire  boss  should  be  aware  of  local  weather,  and 
should  have  a  crew  member  or  observer  taking  periodic  obser- 
vations. These  are  valuable  for  keeping  everyone  informed  and 
also  for  evaluating  the  burn  and  sharpening  the  prescription  for 
future  burning. 

A  test  bum  will  add  to  the  confidence  of  the  burn  boss  and 
the  safety  of  the  prescribed  bum.  The  test  should  be  made  close 
to  the  main  bum  date,  in  a  small  area  where  fire  behavior  can 
be  observed  before  the  main  fire  is  ignited,  and  where  the  fire 
can  be  extinguished  readily  if  necessary.  If  the  fuels,  weather, 
and  topography  have  been  evaluated  properly,  and  combined 
properly  in  the  prescription,  the  test  bum  will  confirm  that  the 
bum  boss  can  go  ahead  with  the  main  bum.  If,  however,  all  the 
fire  behavior  elements  have  not  been  properly  evaluated,  or  if 
these  elements  have  changed,  then  excessive  flame  length  or 
lack  of  fire  intensity  and  spread  will  tell  the  burn  boss  to  post- 
pone the  main  bum. 

Test  bums  should  generally  be  made  during  the  time  of  day 
when  the  most  severe  burning  conditions  are  expected,  usually 
early  afternoon.  If  the  main  prescribed  bum  is  small  enough,  it 
can  be  completed  in  the  same  afternoon.  If  it  is  large,  the  test 
burn  may  have  to  be  a  day  before  the  scheduled  main  burn. 

If  a  test  bum  is  ignited  during  the  morning  hours,  it  will 
reveal  how  the  fire  will  bum  at  that  time,  but  not  necessarily 
how  fire  will  behave  later  in  the  day.  Grasses  and  small  twigs, 
the  1-hour  and  10-hour  timelag  fuels  that  become  cooler  and 
more  moist  during  the  night,  may  not  bum  well  until  they  are 
warmed  and  dried  by  rising  daytime  temperatures  and  lower 


humidities.  Conversely,  if  the  air  is  warm  through  the  night, 
and  relative  humidity  does  not  exceed  30  or  40  percent  for  long 
nighttime  periods,  a  morning  test  fire  might  indicate  that  fuels 
would  burn  intensely  immediately. 


Conducting  the  Project  Burn 

When  the  test  burn  has  been  completed  satisfactorily,  the 
burn  boss  can  order  firing  of  the  project  burn,  following  the 
written  plan  prepared  earlier.  The  dispatcher  and  other  in- 
terested parties  are  notified.  If  weather  conditions  remain  as 
predicted,  the  burn  will  be  completed  as  scheduled.  If  unex- 
pected, unfavorable  burning  conditions  are  encountered,  the 
burn  boss  must  decide  whether  to  stop  or  modify  the  firing. 
Good  communication  between  the  bum  boss,  supporting 
supervisors,  backup  forces,  and  the  dispatcher  are  essential. 

Careful  mopup  and  patrol  of  the  perimeter  are  essential  final 
steps  of  the  prescribed  bum  process  {fig.  5).  Wildfires — some 
small  and  a  few  very  large — have  developed  several  days  after 
prescribed  bums.  Usually,  strong  winds,  accompanied  by  low 
humidities  and  high  temperatures,  fan  pockets  of  smoldering 
fire  in  deep  duff  or  punky  logs,  and  without  fire  suppression, 
wildfire  develops.  These  events  may  occur  after  several  days  of 
a  warming  trend  following  prescribed  burning.  Infrared  detec- 
tion scanners  are  useful  for  locating  such  smoldering  fire. 


Evaluating  the  Burn 


If  all  participants  in  a  prescribed  bum  are  to  improve  their 
performances  and  if  new  people  are  to  learn  from  those  more 
experienced,  a  burn  appraisal  and  summary  are  required. 
Burning  prescriptions  can  be  improved  by  correlation  of  rec- 
ords and  observations  during  and  after  the  bum  with  the  associ- 
ated weather  and  fuel  conditions. 

A  good  first  step  in  observation  is  to  have  hygrothermograph 
charts  made  for  a  few  days  and  nights  before  the  bum,  and  to 


Figure  5 — Mopup  and  patrol  are  part  of  every 

prescribed  burn. 


appoint  someone  with  a  belt  weather  kit  to  take  temperature, 
humidity,  and  speed  and  direction  of  wind,  and  to  measure  fuel 
stick  moisture  before  and  during  the  burn.  A  continuously  rec- 
ording portable  weather  station  is  useful,  and  replaces  some  of 
the  spot  observation. 

Ignition  time  and  the  time  of  other  significant  events  during 
the  fire  should  be  recorded.  Fire  behavior  should  be  observed, 
and  notes  taken  on  flame  length  and  height,  and  scorch  height 
if  tree  canopies  are  present.  Fire  spread  rates  can  frequently  be 
estimated  or  recorded  as  the  fire  moves  between  two  points. 
The  relation  of  any  spot  fires  observed  to  conditions  affecting 
fire  behavior  should  be  noted. 

Answers  to  certain  questions  should  help  explain  why  the 
burn  did  or  did  not  do  what  was  expected. 

Fuel  consumption  is  an  important  concern.  What  twig  size 
class  of  each  important  shrub  species  was  removed?  What  per- 
cent of  the  area  within  control  lines  was  burned?  Were  islands 
left  unburned?  Was  all  the  ground  litter  consumed? 

The  success  of  the  planning  should  be  evaluated.  Did  the 
results  achieved  match  those  expressed  in  the  burning  objec- 
tives? Was  adequate  manpower  and  equipment  on  hand,  or  was 
there  more  than  needed?  Were  the  ignition  tools  adequate  for 
the  job  and  was  the  firing  system  adequate? 

Prescribed  burning  in  chaparral  releases  visible  columns  of 
smoke  into  the  air.  Did  the  smoke  rise  as  a  column  into  the 
upper  air,  or  did  it  drift  close  to  the  ground  surface?  Did  the 
smoke  drift  toward  cities  or  other  sensitive  areas? 


ELEMENTS  OF  THE  BURN 
PRESCRIPTION 

The  experienced  fire  boss  knows  that  many  influences  de- 
termine fire  behavior  during  prescribed  burns.  Some  of  these 
influences  are  obvious,  others  are  not.  Fuel  characteristics, 
weather  conditions,  and  topography  are  primary  con- 
siderations. Time  of  year  and  even  time  of  day  may  determine 
whether  the  burn  is  a  success  or  a  disaster.  Some  understanding 
of  all  these  influences  can  give  the  fire  boss  on  a  prescribed 
burn  the  confidence  and  knowledge  needed  for  success. 

The  following  discussions  present  information  leading  to 
general  suggestions  for  burn  prescriptions,  and  to  some 
specific  recommendations.  The  influences  described  primarily 
affect  fire  intensity  and  rate  of  spread. 

Fuel  Moisture 

Lack  of  knowledge  about  fuel  moisture  conditions  can  mean 
time  and  effort  wasted  on  unsuccessful  burns.  For  example, 
attempts  are  sometimes  made  to  burn  brush  with  a  low  dead- 
to-live  ratio  and  high  green  fuel  moisture  content — brush  less 
than  20  years  old.  These  attempts  are  seldom  successful. 

Moisture  content  is  highly  important  in  determining 
whether  fuels  will  ignite  and  burn,  and  it  strongly  influences 
fire  behavior.  Heat  from  a  fire  or  other  ignition  source  must 


vaporize  excess  moisture  and  drive  it  off  before  sufficient  heat- 
ing for  ignition  and  combustion  can  take  place.  Also,  water 
vapor  greatly  reduces  the  radiation  of  heat  from  a  flame  and 
thus  reduces  the  burning  rate  (King  1973,  Countryman  1977b). 
A  fuel  moisture  content  of  25  percent  of  ovendry  weight  is 
an  approximation  of  the  value  above  which  fuels  will  not  bum 
(Rothermel  1972),  but  this  "moisture  of  extinction"  varies  with 
the  type  of  fuel,  fuel  loading,  size  of  firebrand,  windspeed, 
and  other  factors. 

Dead  Fuel  Moisture 

Ejfect  on  Flammability — Several  studies  have  dealt  with  the 
effects  of  moisture  content  on  flammability  of  various  dead 
fuels.  Dead  chaparral  fuels  in  Arizona  did  not  burn  vigorously 
when  fuel  moisture  was  above  15  percent,  and  ceased  to  bum 
when  fuel  moisture  reached  25  to  30  percent  (Lindenmuth  and 
Davis  1973).  Dense  mature  southern  California  chaparral 
burned  fiercely  when  dead  twigs  and  litter  contained  10  percent 
moisture,  leading  Green  (1970)  to  suggest  that  dead  fuel  mois- 
ture content  might  be  up  to  15  percent  at  the  time  of  a  burn. 
Bentley  and  others  (1971)  specified  not  less  than  7  percent  dead 
fuel  moisture  for  safe  burning  of  manzanita  chaparral  in  north- 
ern California.  When  they  burned  ground  litter  and  standing 
brush  that  was  more  than  50  percent  dead,  with  dead  fuel  mois- 
ture content  at  14  percent,  individual  fire  sets  spread  slowly  and 
islands  of  unburned  brush  covered  one-fourth  the  burn  plot 
after  the  fire  was  out.  During  a  prescribed  burn  on  the  Mon- 
terey Ranger  District,  Los  Padres  National  Forest,  dead 
branchwood  under  coast  live  oak  burned  well,  but  fires  did  not 
spread  laterally,  with  16  percent  fuel  moisture  and  no  wind. 

Fire  did  not  burn  eucalyptus  litter  when  the  moisture  content 
was  above  20  percent  (Foster  1976).  When  underburning 
Douglas-fir  forest  in  Oregon,  Swanson  (1974)  found  that  a  fuel 
moisture  of  20  percent  was  maximum  for  fire  spread  and  that 
17  to  19  percent  was  borderline. 

Mutch  (1967)  found  that  cheatgrass  brome  {Bromus  tec- 
torum  L.)  would  ignite  with  a  match,  starting  at  about  30  per- 
cent moisture,  but  that  it  burned  more  and  more  readily  with 
lower  fuel  moisture.  Tobosa  grass  {Hilaria  mutica  [Buckl.] 
Benth.)  and  associated  southwestern  grasses  burned  satisfac- 
torily at  moisture  contents  between  12  and  25  percent  (Britton 
and  Wright  1971,  Stinson  and  Wright  1969,  Heirman  and 
Wright  1973),  but  windspeeds  were  usually  greater  than  10 
mi/h  (16  km/h).  During  the  burning  of  41  test  fires  in  grass- 
lands, Sneeuwjagt  (1974)  found  that  if  moisture  content  was 
greater  than  15  percent,  fire  would  not  spread  on  level  terrain 
with  less  than  3  mi/h  (4.8  km/h)  of  wind. 

Effect  on  Fire  Spread — As  fuel  moisture  goes  up  or  down, 
burning  intensity  and  fire  spread  rate  change  proportionately. 
In  a  laboratory  test,  matchsticks  containing  10  percent  mois- 
ture burned  at  just  half  the  rate  of  ovendry  matchsticks  (King 
1973).  In  ponderosa  pine  needle  fuel  beds,  the  rate  of  spread 
decreased  by  4.23  percent  for  each  1-percent  increase  in  fuel 
moisture  (Rothermel  and  Anderson  1966).  If  we  extend  this 
relation  beyond  the  limits  of  the  experimental  data,  we  find  that 
fire  in  ponderosa  pine  needles  apparently  will  not  spread  when 
the  moisture  content  reaches  24  percent. 


The  Fireline  Handbook  (U.S.  Dep.  Agric,  Forest  Serv. 
1975)  indicates  that  fire  spread  will  be  slow  in  a  fuel  bed  where 
moisture  content  is  greater  than  15  percent,  but  that  fire  spread 
rate  increases  rapidly  as  fuel  moisture  drops  below  15  percent. 
Between  15  and  10  percent,  the  spread  rate  doubles;  between  10 
and  5  percent,  the  spread  rate  triples.  The  most  rapid  change  in 
spread  rate  is  in  the  7-  to  10-percent  moisture  range  (U.S.  Dep. 
Agric,  Forest  Serv.  1975). 

When  fuel  moisture  content  is  below  7  percent,  a  lowering 
of  the  fuel  moisture  by  2  percent  will  double  the  rate  of  fire 
spread  in  eucalyptus  litter  at  a  given  wind  velocity.  A  reduction 
of  fuel  moisture  from  7  to  5  percent  is  equivalent  to  a  rise  in  air 
temperature  of  around  30°  F  (17°  C)  if  relative  humidity  re- 
mains constant,  and  a  drop  of  around  15  to  20  percent  in  humid- 
ity if  air  temperature  is  held  constant  (Mc Arthur  1967). 

Ignition  potential  is  determined  more  by  fuel  moisture  con- 
tent than  by  other  fuel  bed  characteristics.  During  northern 
California  tests,  a  shower  of  firebrands  did  not  ignite  wind- 
rowed  brush  with  a  12  percent  moisture  content  (Bentley  and 
others  1971).  At  fuel  moisture  contents  around  4  percent,  even 
the  smallest  of  burning  embers  has  a  high  probability  of  start- 
ing new  fires  (McArthur  1967). 

Fuel  Stick  Measurements — Fuel  moisture  can  be  deter- 
mined by  gathering  samples  of  dead  or  live  fuel,  weighing 
them  before  and  after  drying  in  an  oven,  and  expressing  weight 
(moisture)  loss  as  a  percent  of  ovendry  weight  (Countryman 
and  Dean  1979).  This  is  an  excellent  procedure  and  should  be 
used  wherever  possible  for  field  work.  A  faster  method  is 
available,  however,  for  estimating  moisture  in  dead  twigs 
about  V4  to  1  inch  (0.6  to  2.5  cm)  diameter;  this  is  the  fuel  stick 
method  {fig.  6). 

Fuel  moisture  indicator  sticks,  as  used  in  most  Western  for- 
ests, are  a  set  of  four  V2-inch  (1.3-cm)  diameter  ponderosa  pine 
sap  wood  dowels  spaced  V-x  inch  (0.6  cm)  apart  on  two 
hardwood  pins.  The  resultant  "stick"  is  2%  inches  (7  cm)  wide 
and  20  inches  (51  cm)  long,  and  has  an  ovendry  weight  of  100 
grams.  After  exposure  in  the  field  for  1  to  2  weeks  until  equilib- 
rium is  reached,  the  stick  is  weighed,  and  the  weight  in  grams 
in  excess  of  the  ovendry  weight  is  the  percent  fuel  moisture 
(Fischer  and  Hardy  1976). 

In  a  survey  (Beaufait  1966)  made  in  the  northern  Intermoun- 
tain  area,  three-fourths  of  the  experts  questioned  would  bum 
dry  slash  when  fuel  sticks  in  slash  blocks  showed  between  6 
and  15  percent  moisture  content.  Only  a  few  would  try  to  bum 
when  4  or  5  percent  or  over  16  percent  moisture  was  indicated. 
Using  experience  from  the  Mark  Twain  National  Forest  in 
Missouri,  Haug  (1977)  determined  that  for  a  successful 
general-purpose  prescribed  burn  to  remove  brush,  herbicide- 
killed  shrubs,  slash,  or  any  dead  light  vegetation,  fuel  stick 
moisture  should  be  between  6.5  and  9  percent.  At  fuel  stick 
moistures  of  4,  5,  or  6  percent,  there  was  spotting  and  spread 
rates  were  excessive.  Fuel  stick  moistures  of  1  to  4  percent 
have  been  reported  during  wildfires  in  California. 

Considerable  caution  is  essential  in  using  fuel  sticks.  They 
can  predict  the  moisture  content  of  dead  fuels  about  V2  inch  (1.3 
cm)  in  diameter,  but  not  that  of  grasses,  pine  needles,  or  other 
"1-hour  timelag"  fuels-.  Moisture  content  of  these  fine  fuels 


may  respond  to  temperature  and  humidity  changes  within 
minutes,  whereas  the  fuel  sticks  usually  require  hours.  Fuel 
sticks  are  not  used  to  estimate  moisture  content  of  fuels  larger 
than  1  inch  (2.5  cm)  in  diameter,  nor  of  green  fuels.  The  re- 
sponse characteristics  of  the  fuel  stick  dowels  may  be  slightly 
different  from  that  of  dead  wildland  fuels,  and  aging  or  soiling 
of  a  fuel  stick  will  affect  its  response  to  humidity  changes.  The 
"standard"  installation  of  an  indicator  stick  requires  that  it  be 
horizontal  on  a  wire  frame,  10  inches  (25  cm)  above  a  2-inch 
(5-cm)  thick  bed  of  dead  twigs,  leaves,  needles,  or  other  pre- 
dominant litter.  The  stick  should  be  oriented  north-south  and 
should  be  in  full  sun.  After  equilibrium  moisture  content  is 
reached,  the  fuel  stick  readings  from  the  standard  installation 
are  slightly  lower,  about  2  or  3  percent,  than  they  are  from 
nearby  sticks  that  are  shaded,  and  slightly  higher,  up  to  5  per- 
cent, than  they  are  from  sticks  close  to  the  ground  in  full  sun 
(Countryman  1971,  Mc Arthur  1967). 


In  southern  California  (Dell  and  Philpot  1965),  fuel  stick 
moisture  determinations  were  compared  with  results  of  xylene 
distillation,  as  follows: 


Figures — Fire  behavior  is  strongly  influenced 
by  the  moisture  content  of  small,  dead  fuels. 
Here,  moisture  content  is  being  estimated  by 
weighing  fuel  moisture  sticks. 
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Fuel  stick  moisture  readings  in  Montana  differed  from 
oven-determined  readings  by  as  much  as  5  percent  (Norum 
1977).  If  a  burn  prescription  is  based  on  an  error  of  5  percent 
fuel  moisture,  particularly  if  moisture  content  is  less  than  10 
percent,  actual  fire  behavior  could  be  markedly  different  from 
that  expected. 

Experience  of  Forest  Fire  Laboratory  personnel  in  burning 
chaparral,  and  that  reported  in  the  literature,  suggest  that  mois- 
ture content  of  dead  fuel,  as  measured  by  laboratory  proce- 
dures or  (except  for  1-hour  timelag  fuels)  by  properly  installed 
and  maintained  fuel  moisture  sticks,  should  be  about  as  shown 
below  to  produce  the  indicated  fire  intensity  response.  Cured 
grass  is  estimated  to  contain  5  to  10  percent  moisture  when 
summer  daytime  temperatures  are  70°  to  90°  F  (21°  to  32°  C) 
and  relative  humidity  is  20  to  30  percent.  If  relative  humidity  is 
60  percent  and  the  temperature  about  60°  F  (15°  C),  moisture 
content  of  fine  fuels  is  about  15  percent;  at  80  percent  relative 
humidity  and  50°  F  (10°  C),  it  is  about  20  percent  (Luke  and 
Mc  Arthur  1978). 

Dead  fuel  moisture  content  (pet. ) 
for  ^ivenfire  intensity 


Type  of  fuel: 

Low 
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Standing  mature  brusfi 
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30  to  45  pet.  dead 
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crushed,  or  piled 

30  to  15 
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Dry  grass,  weeds,  and  other 

1-hour  timelag  fuels 

25  to  15 

14  to  8 

7  to  5" 

Tree  canopy  underbuming 

18  to  16 

15  to  10 

9  to  7 

The  fire  intensity  levels  are  defined  as  follows: 

•  Under  low  fire  intensity,  there  is  some  difficulty  igniting 
the  brush,  except  in  small  concentrations  of  dead  fuel.  If  shrub 
canopies  are  not  continuous,  considerable  effort  by  the  firing 
team  is  needed  to  get  fire  in  contact  with  most  brush  plants. 
Fire  envelops  shrubs  that  have  dead  fuels  throughout  the 
crowns,  but  burning  is  patchy,  so  that  some  individual  shrubs 
or  groups  of  shrubs  are  burned,  but  others  are  not.  Results  ob- 
tained under  low-intensity  burning  in  chaparral  do  not  ordinar- 
ily remove  enough  fuel  to  satisfy  management  objectives. 

•  When  chaparral  burns  with  moderate  intensity,  it  ignites 
readily  with  a  drip  torch,  and  fire  envelops  most  of  the  crowns. 
Volatile  components  distilled  from  the  green  twigs  frequently 
burn  5  or  10  ft  (1.5  or  3.0  m)  above  the  brush  crowns.  Hot 
embers  may  be  capable  of  igniting  fine  dry  fuels  10  to  20  ft  (3  to 
6  m)  downwind  from  their  source.  Nearly  all  dead  fuel  is  con- 
sumed, and  most  green  twigs  less  than  Ve  inch  (0.3  cm)  in 
diameter.  Most  green  twigs  greater  than  V4  inch  (0.6  cm) 
in  diameter  do  not  burn. 


Figure  7 — Live  fuel  moisture  is  calculated 
using  fresh  and  ovendry  weights  of  twigs 
clipped  to  Ve  inch  diameter. 


•  In  a  high-intensity  prescribed  fire  in  chaparral,  there  is 
immediate  flaming  from  drip  torch  ignition,  and  the  heat  forces 
observers  away  from  the  fire  front.  Flames  envelop  the  shrubs 
and  burn  volatiles  10  to  30  ft  (3  to  9  m),  or  higher,  in  the  air 
above  the  shrubs.  Spotting  begins  to  be  a  problem,  especially 
when  wind  gusts  are  greater  than  10  mi/h  (16  km/h).  Green 
twigs  up  to  Vi  inch  (1.3  cm)  in  diameter  are  consumed. 
Whirlwind  activity  during  the  latter  part  of  the  burn  is  com- 
mon. 

Fire  intensity  on  the  floor  of  a  mixed-conifer  forest,  or  in  an- 
nual grasses  and  weeds,  is  somewhat  different  than  in  thick 
brush.  Low-to-moderate-intensity  fire  then  has  1-  to  3-foot 
(0.3-  to  0.9-m)  flame  lengths  and  releases  20  to  50  Btu/s/ft. 
Firefighters  can  work  right  up  to  these  flames.  In  a  high- 
intensity  bum,  flame  lengths  are  greater  than  4  ft  (1.2  m),  and 
release  more  than  100  Btu/s/ft  of  fire  front. 

Live  Fuel  Moisture 

"Live"  or  "green"  fuel  moisture  is  the  moisture  content  of 
twigs  up  to  Vs  inch  (0.3  cm)  in  diameter  and  the  attached  leaves 
{fig.  7),  unless  some  other  size  class  is  specified.  This  defini- 
tion is  agreed  upon  by  California  agencies  concerned  with 
wildland  fire,  and  has  been  in  use  for  two  decades  (Olsen 
1960). 

The  importance  of  live  fuel  moisture  in  fire  behavior  has 
long  been  recognized  by  some  fuels  experts,  but  is  still  ignored 
by  some  who  do  prescribed  burning  in  chaparral.  Fire  spreads 
through  chaparral  largely  through  the  crowns,  and  where  dead 
material  is  scattered,  moisture  in  the  live  twigs  largely  deter- 
mines how  the  fire  will  burn,  or  sometimes  if  it  will  burn  at  all 
(Countryman  1974).  In  the  Southwest,  moisture  content  of 
juniper  foliage  was  found  to  be  the  determining  variable  in 
ignition  and  burning  (Bunting  and  Wright  1976). 

Moisture  content  of  living  fuel  is  so  high  that  it  will  not  bum 
unless  subjected  to  continuous  heat,  except  when  ether  ex- 


tractables.in  the  fuel  are  very  high  (see  "Chemical  Content  of 
Fuel"),  or  under  extreme  Santa  Ana  wind  conditions.  If  a  hot 
fire  is  to  develop  and  move  through  the  brushfield,  heat  re- 
leased from  burning  dead  fuel  must  dry  out  the  live  fuel  until 
the  small  green  twigs  ignite. 

Moisture  in  live  fuels  acts  as  a  sink  for  energy  from  burning 
dry  fuels.  The  greater  the  live  fiiel  moisture  content,  the  more 
dry  fuel  must  be  consumed  before  the  green  will  burn.  Most 
forest  fuels  have  a  heating  value  near  8500  Btu/lb  when  oven- 
dry.  A  moisture  content  of  20  percent  will  reduce  this  value  to 
6881  Btu/lb;  80  percent,  to  4183;  100  percent,  to  3643;  and  160 
percent  to  2522  (Countryman  1977a). 

Moisture  content  of  live  fuel  varies  from  year  to  year  but 
typically  is  highest  during  the  spring.  It  is  higher  in  new  than  in 
old  growth,  and  higher  in  some  shrub  species  than  others.  In 
spring,  moisture  content  of  new  growth  in  chaparral  rises 
rapidly  to  a  peak.  In  chamise  in  southern  California,  this  peak 
is  about  April  or  May;  farther  north  and  at  higher  elevations,  it 
is  later.  Peak  moisture  in  manzanita  on  the  Stanislaus  National 
Forest  is  not  reached  until  late  June  or  early  July.  Fuel  moisture 
of  new  growth  may  be  150  to  200  percent,  or  1 .5  to  2  times  the 
ovendry  weight.  Peak  for  old  growth  may  be  90  to  150  percent. 

Once  the  peak  is  reached,  there  is  a  fairly  regular  decline  in 
live  chaparral  fuel  moisture  through  the  spring,  summer,  and 
fall  (fig.  8).  Moisture  in  new  chamise  growth  in  southern  Cali- 
fornia approaches  to  within  10  percent  of  old  growth  moisture 
in  July,  and  thereafter  is  either  slightly  higher  or  about  the  same 
as  moisture  in  the  old  growth.  Minimum  moisture  in  live 
chamise  is  reached  between  September  and  early  November, 
and  readings  may  be  near  nunimum  almost  continuously  dur- 
ing these  months.  If  rainfall  during  fall  and  early  winter  is  min- 
imal, there  may  not  be  much  moisture  recovery  until  spring, 
but  several  inches  of  rainfall  during  October,  November,  or 
December,  along  with  cool  weather,  initiates  an  upward  fuel 
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Figure  8 — Decline  in  live  fuel  moisture  of 
chamise  is  evident  from  data  gathered  on 
Glendora  Ridge,  Angeles  National  Forest. 
New  and  old  growth  are  averaged.  (Years  of 
data  averaged  for  each  data  point  are  shown.) 
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moisture  trend.  Data  ^  (Dell  and  Philpot  1965)  suggest  that  live 
desert  ceanothus  and  chamise  regain  10  to  30  percent  fuel 
moisture  and  reach  70  to  90  percent  by  December  31 .  Thus,  to 
take  advantage  of  low  live  fuel  moisture,  chaparral  should  be 
burned  during  early  winter.  This  may  not  be  necessary  at  high 
elevations,  however,  since  white  leaf  manzanita  (Arctos- 
taphylos  viscida  Parry)  at  3000  to  5000  ft  (915  to  1524  m)  in  the 
central  Sierra  Nevada  retained  its  lowest  moisture  content 
through  the  winter  months  (Philpot  1963).  Shrubs  evidently  are 
more  physiologically  active  under  the  less  severe  winter  condi- 
tions present  at  lower  elevations  in  southern  California. 

Species  differences  are  more  pronounced  in  spring.  Thus 
chamise,  hoaryleaf  ceanothus  (C.  crassifolius  Torr.),  and 
black  sage  (Salvia  mellifera  Greene)  differ  widely  in  live  fuel 
moisture  during  the  period  from  February  to  June ,  but  are  simi- 
lar during  the  summer  and  fall  (Olsen  1960) .  Live  fuel  moisture 
in  black  sage  follows  surface  moisture  availability,  but  live  fuel 
moisture  in  the  deeper  rooted  chamise  more  closely  reflects  the 
moisture  availability  at  a  depth  of  42  inches  (1.1  m). 

Live  fuel  moistures  less  than  60  percent  are  hazardous  dur- 
ing prescribed  burning  of  standing  brushfields  unless  compen- 
sated for  by  low  windspeed,  gentle  slope,  high  humidity,  low 
temperature,  firing  pattern,  or  adequate  suppression  forces. 
Live  fuel  moisture  less  than  50  percent  is  typical  of  Santa  Ana 
winds  and  severe  wildfires.  The  lowest  fuel  moisture  per- 
centages ever  recorded  by  the  Riverside  Forest  Fire  Laboratory 
personnel  occurred  in  southern  California  during  a  drought 
year  following  dry  years.  Chamise  live  fuel  moisture  was  only 
74  percent  in  May  1961,  45  percent  in  mid- July,  and  during  a 
Santa  Ana  wind  in  October,  26  percent.  The  low  point  rec- 
orded in  scrub  oak  was  36  percent  (Pirsko  and  Green  1967). 

As  live  fuel  moisture  levels  rise  from  about  75  percent, 
brushfields  are  harder  and  harder  to  bum.  Above  85  or  90  per- 
cent, the  brush  can  be  burned  only  under  extreme  burning  con- 
ditions, and  crushing  or  spraying  with  herbicides  may  be  nec- 
essary. 

Live  fuel  moistures  should  be  determined  on  the  site  two  or 
three  times  during  the  few  weeks  just  before  a  prescribed  bum. 
The  data  will  help  managers  decide  whether  or  not  the  bum 
will  proceed  as  scheduled,  or  whether  adjustments  in  other 
parts  of  the  prescription  will  be  needed  to  compensate  for  high 
or  low  live  fuel  moisture.  Procedures  are  explained  in  Measur- 
ing Moisture  Content  in  Living  Chaparral  (Countryman  and 
Dean  1979). 

Experience  has  shown  that  for  mature  chaparral  30  to  50 
years  old  and  25  to  40  percent  dead,  fire  intensity  response  to 
live  fuel  moisture  is  (approximately)  low  at  90  to  76  percent, 
moderate  at  75  to  60  percent,  and  high  at  59  to  45  percent. 

Stem  size  affects  live  fuel  moisture.  During  the  early  spring 
months,  twigs  less  than  Vfe  inch  (0.3  cm)  in  diameter  have  dou- 
ble the  moisture  content  of  stems  Vi  inch  (1.3  cm),  or  more,  but 
the  difference  becomes  smaller  through  the  summer  and  fall, 
when  it  may  be  only  5  to  10  percent.  The  live  fuel  moisture  in 
leaves  and  Vfe-inch-diameter  twigs  of  most  chaparral  species  is 


about  150  percent  at  the  time  of  flowering,  and  50  to  65  percent 
during  September  or  October.  Moisture  in  the  stems  Vi  inch  or 
more  is  generally  60  to  65  percent  during  the  spring  and  45  to 
50  percent  during  September,  and  that  of  intermediate-sized 
twigs  lies  between  these  ranges.  The  relation  between  moisture 
content  and  stem  size  is  illustrated  by  chamise  (Dell  and 
Philpot  1965)  and  by  desert  ceanothus  (Ceanothus  greggii 
Gray)  collected  by  Forest  Fire  Laboratory  personnel  in  the  San 
Bernardino  Mountains  in  1974: 

Moisture  content  (pet.)  of  desert  ceanothus  twigs 


ate: 

Oto  'A  in. 

diam. 

'A  to  '/2  in. 

diam. 

'/2  + 

in.  diam 

June  6 

121 

65 

54 

July  2 

98 

67 

59 

Aug.  6 

71 

61 

57 

Sept,  3 

S8 

55 

51 

Oct.  1 

55 

56 

47 

Nov.  4 

78 

64 

55 

Dec.  10 

82 

63 

55 

In  spite  of  their  relatively  low  moisture  content,  stems  Vz 
inch  or  more  bum  only  infrequently,  even  during  hot  wildfires. 
Their  low  surface-to-volume  ratio,  low  content  of  volatiles, 
and  position  in  the  plant  all  make  them  less  susceptible  to  burn- 
ing than  twigs  of  smaller  diameter. 

Dead-to-LJve-Fuel  Ratio 

During  the  first  2  to  5  years  after  brush  removal ,  annual  gras- 
ses and  forbs  grow  among  the  sprouting  shrubs  and  shrub 
seedlings.  These  herbaceous  plants  die  each  year,  and  if  they 
are  thick  and  continuous  enough,  can  support  intense  fire, 
which  kills  brush  seedlings  and  topgrowth  of  sprouting  shrubs. 
Similarly,  if  the  brush  grows  in  a  scattered  stand,  annuals  may 
form  a  continuous  ground  cover  that  will  carry  fire. 


^Data  on  file  in  Chaparral  Management  Work  Unit,  Forest  Fire  Laboratory, 
Riverside,  Calif. 


Figure  9 — Fire  would  not  run  upslope  in  this 
16-year-old  brush  because  the  percent  dead 
fuel  was  too  low  and  the  relative  humidity  (35 
percent)  was  too  high.  Crushed  brush  at  the 
top  of  the  slope  did  burn. 


n 


Figure  10 — Dead  branches  and  twigs  frequently  make  up  one-third 
to  one-half  the  fuel  volume  in  chaparral  stands  more  than  30  years 
old. 


If  the  proportion  of  dead  brush  in  a  chaparral  stand  is  less 
than  20  or  25  percent,  as  it  is  if  the  stand  is  less  than  20  years 
old,  getting  fire  to  burn  through  the  stand  is  difficult  under  all 
but  extreme  burning  conditions  (Jig.  9).  Brush  stands  less  than 
20  years  old  seldom  burn  well,  although  chamise  on  south 
slopes  or  soft  chaparral  species  may  sometimes  be  exceptions. 
Brush  5  to  20  years  old  includes  dry  remnants  of  plants  such  as 
deer  weed  (Lotus  scoparius  [Nutt.]  Ottley),  some  brush  skele- 
tons if  the  stand  was  destroyed  earlier  by  fire,  and  scattered  dry 
twigs  under  the  green  canopies.  Prescribed  burning  of  such 
brush  can  be  done  successfully  only  if  the  brush  is  prepared  by 
mechanical  treatment  (Roby  and  Green  1976),  or  with  her- 
bicides (Green  1977).  Generally,  it  is  advantageous  to  confine 
prescribed  burning  to  older  stands  with  a  greater  proportion  of 
dry  fuel. 

After  brush  reaches  16  to  25  years  of  age,  the  proportion  of 
dead  brush  in  the  stand  increases.  To  estimate  by  a  rough  rule 
of  thumb,  consider  the  stand  1  percent  dead  for  each  year  since 
the  brush  canopy  closed  following  the  last  major  fire  or  other 
clearing.  As  closure  generally  occurs  about  5  years  after  a  fire, 
brush  30  years  old  will  probably  be  no  more  than  25  percent 
dead  unless  there  have  been  several  years  of  drought.  A  50- 
year-old  stand  might  be  35  to  50  percent  dead  (fig.  10).  The 


proportion  of  dead  and  live  brush  can  also  be  estimated  di- 
rectly, which  entails  crawling  under  the  green  canopies,  noting 
dead  plants,  examining  shrubs  to  see  how  many  main  stems  or 
branches  are  dead,  and  noting  whether  many  dead  dry  twigs 
are  present.  The  most  accurate  method,  but  also  by  far  the  most 
time-consuming  one,  is  to  cut  and  weigh  the  fractions  on  repre- 
sentative plots.  Brush  on  north  slopes  usually  contains  a 
smaller  proportion  of  dead  fuel  than  indicated  here;  brush  on 
south  slopes  dominated  by  chamise,  or  Salvia  and  other  soft 
chaparral  plants,  may  contain  more  (Calif.  For.  and  Range 
Exp.  Stn.  1955).  The  proportion  of  dead  fuel  will  increase  fol- 
lowing very  dry  years  (fig.  11). 

Fire  intensity  responses  to  the  proportion  of  dead  fuel  in  a 
stand  of  brush  is  (approximately)  low  at  20  to  30  percent,  mod- 
erate at  31  to  45  percent,  and  high  at  46  to  100  percent.  This 
relation  was  recognized  by  a  southern  California  fire  manage- 
ment officer  who  said,  'After  approximately  20  years,  dete- 
rioration of  the  plant  is  evident  through  a  general  increase  of  the 
dead-to-live  ratio  of  plant  material.  Brushfields  over  30  years 
old  are  often  made  up  of  35  percent  or  more  dead  material.  Fire 
intensity  nearly  doubles  from  a  20-year-old  brushfield  to  a  40- 
year  age-class"  (Bates  1978). 
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Fuel  Volume 

The  term  "fuel  volume"  describes  quantity  and  is  expressed 
in  pounds  or  tons  dry  weight  per  unit  area.  Fuel  loading  is  a 
comparable  term.  Both  terms  are  used  in  two  senses:  (1)  to 
mean  the  total  weight  of  vegetative  matter — the  biomass — on 
an  area;  or  (2)  less  frequently,  to  mean  only  the  available 
fuel — that  which  burns  during  passage  of  a  fire.  The  distinc- 
tion is  important  in  prescribed  burning. 

Available  Fuel 

When  chaparral  bums  under  severe  or  extreme  conditions, 
nearly  all  of  the  dead  material  burns,  but  live  stems  larger  than 
Vi  inch  (1.3  cm)  in  diameter  usually  remain  unburned.  In 
small-stemmed  plants  such  as  chamise  and  Salvia,  wildfire 
consumes  70  to  85  percent  of  the  plant  biomass,  with  only  the 
larger,  basal  stems  remaining.  Large  shrubs,  with  stems  2  to  5 
inches  (5  to  12  cm)  in  diameter  near  the  ground,  lose  no  more 
than  half  their  weight  (/zg.  12).  In  one  high-intensity  prescribed 
burn  where  total  biomass  was  about  35  tons  (32  t)  per  acre,  20 
percent  of  which  was  dead,  and  where  the  brush  had  been 
treated  with  a  contact  desiccant  to  dry  out  the  foliage,  85  per- 
cent of  live  chamise  biomass  was  consumed,  75  percent  of 
manzanita,  45  percent  of  mountain  mahogany,  and  40  percent 
of  scrub  oak  (Green  1970). 

During  Operation  Firestop  in  coastal  California,  fires 
burned  96  percent  of  sage  (Salvia ) ,  66  percent  of  chamise ,  but 
almost  no  scrub  oak.  Relative  humidity  was  above  30  percent 
and  winds  less  than  10  mi/h  (16  km/h)  (Chandler  1957).  In 
northern  California,  about  30  percent  by  weight  of  chamise 
and  other  brush,  mostly  in  the  larger  stems,  was  not  consumed 
during  wildfires  (Sampson  1944). 


The  available  or  burnable  fuel  is  somewhat  less  during 
prescribed  burns  than  during  wildfires,  and  more  stems  remain 
after  the  burn.  In  the  prescribed  burn,  weather  is  cooler  and 
fuel  moisture  is  higher,  so  that  less  fuel  burns.  Shortly  after 
several  inches  of  rain  or  melting  snow  have  thoroughly  wet  all 
dead  fuels,  practically  none  will  burn,  but  with  each  passing 
day  of  drying  weather,  more  and  larger  twigs  and  branches  will 
burn.  After  two  or  more  warm  days,  fine  fuel  becomes  avail- 
able and  prescribed  burning  should  be  considered. 

Burning  permits,  to  satisfy  air  pollution  requirements,  may 
soon  require  an  estimate  of  tons  of  fuel  per  acre  that  will  be 
consumed.  This  is  already  a  requirement  in  the  Pacific  North- 
west. Such  a  requirement  in  the  chaparral  would  at  once  make 
the  burnable  fraction  an  important  statistic. 

Volumes  of  total  and  available  chaparral  fuel  to  be  expected 
during  prescribed  burning  may  be  estimated  as  follows: 

Fuel  volume  < tons/acre) 


lel: 

Total 

Available 

Dry  grass 

V2  to  2 

'/2  to  2 

Light  chamise,  sage. 

or  sagebrush 

3  to  10 

2  to  8 

Medium  chamise 

12  to  15 

8  to  10 

Tail,  dense,  mixed 

chaparral 

15  to  30 

10  to  20 

Chaparral  common  on 

north  exposures 

20  to  40 

12  to  24 

Figure  11 — Coastal  sage  species  die  back 
during  drought  periods.  Note  the  white  sage 
(Salvia  apiana)  above  the  hand,  and  the  mass 
of  dead  twigs  below. 


Effect  on  Intensity  and  Rate  of  Spread 

Studies  of  fire  behavior  have  indicated  that  the  amount  of 
available  fuel  in  the  small  size  classes  affects  the  rate  of  fire 
spread  and  the  fire  intensity  (the  rate  of  energy  or  heat  release 
per  unit  of  time  and  length  of  fire  front)  (Rothermel  1972). 

Both  experience  and  research  indicate  that  as  fuel  quantity 
increases  beyond  1  to  2  tons  of  available  fuel  per  acre  (2.2  to 
4.5  t/ha),  fire  bums  more  intensely  and  takes  longer  to  control. 
Two  tons  of  available  fuel  per  acre  was  suggested  by  experi- 
enced firefighters  as  the  maximum  that  should  be  allowed  on 
fuelbreaks  (Pacific  Southwest  Forest  and  Range  Exp.  Stn. 
1963).  Available  fuel  accumulations  of  2  to  3  tons/acre  (4.5  to 
6.7  t/ha)  burned  with  relatively  low  intensity  in  Australian 
tests,  even  under  severe  meteorological  conditions.  When 
available  fuel  quantities  were  about  10  tons/acre  (22.4  t/ha), 
suppression  was  much  more  difficult  (McArthur  1962). 

If  we  assume  that  2  to  5  tons/acre  (4.5  to  1 1 .2  t/ha)  of  stand- 
ing dead  chaparral  fuel  will  burn  with  low  intensity,  that  5  to  8 
tons/acre  (11.2  to  18  t/ha)  will  burn  with  medium  intensity,  and 
that  available  fuel  greater  than  about  8  tons  will  bum  with 
higher  intensity  than  generally  desired,  then  nearly  every 
chaparral  burn  is  potentially  a  high  intensity  burn.  Fuel  mois- 
ture and  other  influences  may  moderate  the  fire  intensity,  how- 
ever Norum  (1977)  used  the  same  principle  when  making  rec- 
ommendations for  forest  fuels.  He  recommended  that  a  fuel 
loading  of  less  than  4  tons/acre  (9  t/ha)  of  0-  to  3-inch  (0-  to 
7.6-cm)  diameter  forest  fuel  be  burned  at  a  moisture  content  of 
10  to  12  percent,  that  a  loading  of  4  to  8  tons/acre  (9  to  18  t/ha) 
of  available  fuel  be  burned  at  a  moisture  content  of  12  to  15 
percent,  and  that  a  fuel  loading  of  8  to  10  tons/acre  (18  to  22 
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Figure  12 — Fire  is  sometimes  responsible  for  creating  available 
fuel.  The  scrub  oak  skeletons  shown  (A)  weighed  13  tons  per 


acre,  whereas  there  were  3.2  tons  of  stems  per  acre  in  the  chamise 
stand  (S). 


t/ha)  should  contain  15  to  17  percent  moisture .  Higher  moisture 
content  serves  to  offset  the  effect  of  greater  fuel  quantities. 
Similarly,  decadent  chaparral  stands  with  large  quantities  of 
available  fuel  should  be  burned  under  cool  burning  conditions. 

In  west  Texas,  fire  was  not  intense  enough  to  kill  standing 
mesquite  (Prosopis)  shrubs  when  fine  (1-hour  timelag)  fuel 
was  Vi  to  2  tons/acre  (1.1  to  4.5  t/ha),  but  did  kill  them  when 
there  was  2  to  3Vz  tons/acre  (4.5  to  7.8  t/ha).  Most  chain- 
crushed,  dead  mesquite  was  consumed  where  fine  fuel  totaled 
1  ton/acre,  but  the  fire  was  not  intense  enough  to  ignite  them  at 
1200  lbs/acre  (1.6  t/ha)  (Heirman  and  Wright  1973). 

A  study  in  the  tall  grass  prairie  of  Nebraska  is  of  interest. 
Fire  was  introduced  into  two  areas  that  were  similar  except  that 
one  had  been  grazed  with  0.6  animal  months  of  grazing  per 
acre,  the  other  only  0.3.  The  frontal  advance  of  the  fire  was 
1.56  ft/s  (0.47  m/s)  in  the  lightly  grazed  area,  and  only  0.53  ft/s 


(0.16  m/s)  in  the  more  heavily  grazed  range.  Comparable  flame 
heights  were  5  and  1  ft  (1.5  and  0.3  m),  respectively  (Davis 
1949).  When  tobosa  grass  (Hilaria  mutica)  was  burned  in  west 
Texas,  maximum  temperatures  at  ground  level  increased  pro- 
portionally from  182°  F  (83°  C)  when  %  ton/acre  (1.7  t/ha)  of 
fuel  was  burned  to  about  1260°  F  (682°  C)  when  Vh  tons  (7.8 
t/ha)  were  burned  (Wright  1968). 

A  study  of  wildfires  in  chaparral  on  three  southern  Califor- 
nia National  Forests  showed  a  strong  tendency  for  the  size  of 
the  fire  to  be  correlated  with  the  age  of  the  brush  and,  indi- 
rectly, the  quantity  of  available  fuel.  Fire  starts  could  occur  in 
any  chaparral,  but  in  young  brush  these  were  usually  extin- 
guished with  ease.  Fires  of  V4  to  10  acres  (0.1  to  4  ha)  tended  to 
occur  in  brush  at  least  3  years  old;  fires  of  10  to  40  acres  (4  to  16 
ha)  and  over  required  at  least  13-year-old  cover  (Rogers  1942). 
Most  large  chaparral  fires,  those  covering  10,000  acres  (4050 


Table  3 — Selected  fuel  loadings  (total  biomass)  in  chaparral 


Average 

Duff  and 

Chaparral  type 

height 

Live 

Dead 

litter 

Total 

Source  and  location 

ft 

Tons  pe 

r  acre,  ovenc 

\ry 

Scrub  oak 

6.1 

23.5 

3.7 

8.8 

36.0 

USDA.FS  1955,  coastal 

Laurel  sumac 

6.5 

19.6 

2.0 

15.8 

37.4 

USDA,  FS  1955,  coastal 

Coyote  brush 

5.0 

8.4 

0.4 

6.1 

14.9 

USDA,  FS  1955,  coastal 

Chamise 

— 

8.6 

3.3 

3.4 

15.3 

USDA,  FS  1955,  coastal 

Soft  chaparral 

— 

4.6 

3.0 

6.2 

13.8 

USDA,  FS  1955,  coastal 

Grass 

— 

0.9 

— 

1.2 

2.1 

USDA,  FS  1955,  coastal 

Chamise,  ceanothus. 

and  deerweed 

4.0 

3.8 

4.6 

5.3 

13.7 

USDA,FS  1955,  coastal 

Chamise 

5.7 

13.0 

1.8 

— 

14.8 

Kay  and  others  1958,  Mariposa 

Chamise 

6.0 

23.5 

6.0 

— 

29.5 

Green  1970,  interior 

Manzanita 

7.0 

27.5 

5.0 

— 

32.5 

Green  1970,  interior 

Scrub  oak 

10.0 

48.0 

5.0 

— 

53.0 

Green  1970,  interior 

Greenleaf  manzanita 

4.0 

10.0 

6.0 

8.0 

24.0 

Bentley  and  others  197 1 ,  Mt.  Shasta 
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Figure  13 — The  ground  surface  under 
chamise  is  usually  lacking  In  herbaceous 
growth  and  litter  (top  of  photo).  Popcorn 
flower  {Plagiobothrys  sp.)  dominates  the 
foreground,  where  there  is  an  opening  In  the 
chamise  stand. 


ha)  or  more,  burn  in  brush  that  has  accumulated  volume  and 
dead  material  for  30  years  or  more. 

The  beneficial  effect  of  reducing  the  available  fuel  volume 
has  often  been  observed.  Many  wildfires  in  California  have 
been  stopped  when  they  ran  into  areas  burned  a  few  years  ear- 
lier (Philpot  1973).  For  example,  in  mid-September  1979,  sec- 
tions of  the  Monte  and  Sage  Fires,  burning  in  chaparral  on  the 
Angeles  National  Forest,  burned  into  the  Mill  and  Pacoima 
Fires  of  1975  and  stopped.  In  numerous  instances,  prescribed 
burning  in  pine  forests  is  credited  with  reducing  damage  from 
later  wildfires  (Davis  and  Cooper  1963,  Little  and  others  1948, 
Moore  and  others  1955). 

Aboveground  Biomass 

The  average  ovendry  weight  of  all  brush  in  California  has 
been  estimated  by  Riverside  Forest  Fire  Laboratory  personnel 
to  be  18  to  20  tons/acre  (40  to  45  t/ha).  Biomass  extremes  vary 
from  about  5  tons/acre  (11  t/ha)  for  grass  mixed  with  soft 
chaparral  to  40  or  45  tons/acre  (90  or  100  t/ha)  of  dense  tall 
chapeu-ral  on  northerly  exposures.  Some  selected  biomass  fuel 
loadings  are  presented  in  table  3 . 

Volume  of  dense  chamise  will  seldom  be  greater  than  30 
tons/acre  (67  t/ha),  and  15  tons/acre  (33  t/ha)  may  be  about 


Figure  14 — For  fire  to  move  through  this  brush,  open  enough  for 
relatively  easy  walking,  would  require  higher  windspeeds  than  are 
generally  specified  in  the  prescription. 
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average.  Thick  chamise  stands  generally  contain  between  3500 
and  4600  plants/acre  (8650  and  11,400/ha)  (Green,  unpub- 
lished data).  Countryman  and  Philpot  (1970)  found  the  average 
ovendry  chamise  shrub  weight  to  be  6.4  pounds  (2.9  kg)  per 
plant,  or  a  volume  of  about  12  tons/acre  (27  t/ha).  Green  (1970) 
found  23.5  tons/acre  (53  t/ha)  of  live  aerial  plant  material  in  a 
dense  chamise  stand  where  plants  were  5  to  6  ft  (1.5  to  1.8  m) 
high,  and  6  tons/acre  (13  t/ha)  of  dead  fuel. 

In  Mariposa  County,  California,  Kay  and  others  (1958) 
studied  a  chamise  brushfield  that  was  at  least  25  years  old. 
They  found  that  the  dry  weight  of  live  chamise  varied  from  SVi 
to  17'/2  tons/acre  (19  to  39  t/ha),  or  an  average  of  about  13  tons 
(29  t).  Dead  material  added  1%  tons/ acre  (3.9  t/ha).  The  aver- 
age height  was  5  ft  9  inches  (1.75  m),  there  were  5500  plants/ 
acre  (13,600/ha),  and  crown  closure  was  95  percent.  Only  4 
percent  of  the  ground  surface  had  any  herbaceous  cover. 
Sampson  (1944)  found  that  chamise  in  northern  California 
grew  rapidly  to  5.7  tons/acre  (13  t/ha)  in  8  years,  after  which 
the  growth  rate  slowed.  Dense  old  stands  contained  about  14 
tons/acre  (31  t/ha). 

Litter 

Duff  and  litter  under  chaparral  may  vary  from  a  few  hundred 
pounds  per  acre  under  some  chamise  stands  (Jig.  13)  to  15 
tons/acre  (33  t/ha)  or  more  under  large  thick  brush  and  small 
trees  growing  on  favorable  site.  A  stand  of  14- year-old  chamise 
and  Ceanothus  crassifoliiis  Torr.  in  the  Bell  Watersheds  at  the 
San  Dimas  Experimental  Forest  had  accumulated  an  average 
of  5.8  tons/ acre  (13  t/ha)  of  litter  with  an  average  depth  of  V* 
inch  (0.63  cm).  In  Fern  Canyon,  at  4500  ft  (1372  m)  elevation, 
where  there  had  been  no  fire  for  55  years,  the  dry  weight  of 
litter  under  chaparral  dominated  by  canyon  live  oak  {Quercus 
chrysolepis  Liebm.),  big  berry  manzanita  (Arctostaphylos 
glauca  Lindl.),  and  whitethorn  ceanothus  (Ceanothus 
leucodermis  Greene)  was  16.6  tons/acre  (35  t/ha).  The  average 
depth  was  0.6  inch  (1.5  cm)  (Kittredge  1939). 

At  the  North  Mountain  Experimental  Area,  south  of  Ban- 
ning, California,  Green  (unpublished data)  found  3.3  tons/acre 
(7.4  t/ha)  of  duff  and  litter  under  old  chamise  about  5  ft  (1.5  m) 
tall,  and  25  tons/acre  (56  t/ha)  under  both  manzanita  7  ft  (2.1 
m)  tall  and  scrub  oak  up  to  10  ft  (3  m)  tall.  This  was  on  produc- 
tive lower  slope  site.  In  Arizona  (Pase  1972),  there  were  4.1 
tons/ acre  (9  t/ha)  under  shrub  live  oak  (Quercus  turbinella 
Greene)  on  north  exposure  and  7.3  tons/acre  (16.3  t/ha)  on 
south  exposure.  Under  some  dense  oak  and  manzanita  stands 
on  east  exposure,  there  were  11  to  12  tons/acre  (25  to  27  t/ha)  of 
litter  and  duff.  These  data  for  oak  and  manzanita  in  California 
and  Arizona  represent  near-maximum  accumulations  of 
chaparral  floor  litter. 

Fuel  Continuity 

For  successful  prescribed  burning,  there  must  always  be 
fine,  dead  fuel,  more  or  less  uniformly  distributed,  to  carry  the 
fire.  This  can  be  dry  grass,  or  a  litter  layer  of  loose  twigs  and 
leaves  or  pine  needles,  or  dead  twigs  or  stems  within  the  brush 
crowns,  or  some  combination  of  these.  If  there  are  breaks  in  the 


fuel,  the  fire  spread  is  interrupted,  although  this  can  be  nul-  \ 
lifted  in  part  by  steep  slopes  or  winds  higher  than  usually  rec- 
ommended (fig.  14).  To  maintain  ftres  through  shrub  or  tree 
crowns,  some  wind  is  necessary  or  the  crown  ftre  collapses, 
even  in  dense  chaparral.  Without  considerable  air  movement, 
ground  surface  ftre  is  needed  to  supply  part  of  the  heat  needed 
for  lateral  spread  through  the  shrub  crowns. 

Thick,  dense  brush  has  a  canopy  or  crown  cover  of  60  to  90 
percent;  branches  are  intertwined,  and  ftre  can  travel  through 
the  canopies  without  interruption.  As  crown  cover  drops  below 
60  percent,  ftre  spreads  through  the  canopies  only  under  severe 
or  extreme  burning  conditions.  A  similar  proportion  of  crown 
cover  is  needed  to  burn  small  trees.  For  example,  to  get  good 
kill  of  standing  pinon-juniper  in  Arizona,  200  to  400  trees/acre 
(500  to  1000  trees/ha)  with  nearly  continuous  canopies  were 
required.  Even  so,  low  humidity  and  windspeed  of  10  to  20 
mi/h  (16  to  32  km/h)  were  required  to  move  ftre  through  the 
trees  (Pase  and  Granfeit  1977). 


Cliemicai  Content  of  Fuel 

The  chemical  content  of  wildland  fuels  is  generally  ignored 
during  planning  for  prescribed  burning,  partly  because  other 
conditions  may  be  overriding  (Bunting  and  Wright  1976, 
Montgomery  and  Cheo  1969,  Friedman  and  Waisel  1966),  but 
also  because  chemical  information  is  seldom  available.  Re- 
search data  are  steadily  increasing,  however,  to  demonstrate 
that  the  presence  of  various  materials  affects  the  burning 


Figure  15 — High  above  the  shrubs,  volatile 
components  distilled  from  chaparral  burn 
fiercely. 
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characteristics  of  forest  fuels.  Chemical  content  may  partially 
account  for  the  combustion  of  living  chaparral,  coniferous  for- 
est, and  palmetto-gallberry  of  the  Southeast  (Rothermel  1976), 
and  bear  clover  {Chamaebatiafoliolosa  Benth.)  in  the  mixed- 
conifer  forest  of  California,  at  moisture  content  levels  above 
those  at  which  dead  fuels  burn. 

Ether  Extractives 

Among  chemicals  readily  identified  in  woody  fuels  are  the 
ether  extractives — the  waxes,  oils,  fats,  and  terpenes.  These 
materials  have  about  twice  the  heat  value  of  cellulose  (Philpot 
1969),  which  makes  up  about  half  of  the  woody  framework  of 
plants  (Mobley  and  others  1976).  Ether  extractives  are  some- 
times a  substantial  part  of  the  dry  weight  of  wildland  fuels 
{table  4)  and  may  affect  the  total  heat  yield  significantly  (fig. 
15).  Shrub  species  with  high  proportions  of  ether  extractives, 
above  8  percent  dry  weight,  tend  to  be  quite  flammable; 
species  with  low  proportions  tend  to  be  less  so. 

Eucalyptus  leaves  that  were  free  of  volatile  oils  would 
scarcely  bum  in  an  Australian  laboratory  test,  but  when  they 
contained  3  percent  oils  by  weight,  the  same  leaves  burned 
readily  with  pronounced  flaming,  especially  during  the  early 
stages  of  combustion  (King  and  Vines  1969).  Ignition  time  for 
powdered  ponderosa  pine  and  sphagnum  moss  samples  was 
increased  by  removal  of  the  ether  extractives  (Mutch  1964). 
Ignition  time  was  found  to  be  closely  related  to  extractive  con- 
tent in  numerous  southern  California  chaparral  species 
(Montgomery  1976).  Dry  chaparral  leaves  lost  14  percent  of 
their  weight  during  a  5-minute  heating  period  which  simulated 
heating  by  an  approaching  fire  (Trujillo  1976).  Philpot  (1969) 
found  that  the  extractive  content  of  chamise  leaves  was  high- 
est, 12  percent,  during  the  fall  and  early  winter  fire  season,  and 
lowest  during  the  spring. 

Inorganic  Chemicals 

A  second  class  of  extractable  chemicals  are  inorganic  or 
mineral  in  nature.  Studies  of  pyrolysis  of  cellulose  treated  with 
inorganic  compounds  have  indicated  that  flammability  of  plant 
material  is  lowered  by  the  presence  of  inorganic  materials 
(Shafizadeh  1968).  Field-dried  and  leached  corn  leaves  were 
found  to  be  more  flammable  than  unleached  leaves  because 
leaching  reduced  mineral  content  (Broido  and  Nelson  1964). 
Philpot  (1970)  found  that  wildland  fuels  which  differed  in  min- 
eral content  also  differed  in  their  burning  characteristics.  In 
plant  materials  with  higher  ash  content,  the  volatilization  rate 
decreased,  active  pyrolysis,  but  not  flaming  combustion, 
began  at  a  lower  temperature,  and  amount  of  residue  was 
greater  compared  with  plant  materials  with  lower  mineral  con- 
tents. 

Silica,  sodium,  and  perhaps  other  minerals  may  be  less  im- 
portant than  phosphorus  (Lindenmuth  and  Davis  1973,  Mutch 
and  Philpot  1970,  Philpot  1970).  The  efficacy  of  phosphate  in 
reducing  flammability  was  demonstrated  in  a  Forest  Products 
Laboratory  test  in  which  plywood  panels  were  treated  with  so- 
lutions of  11  chemicals;  the  most  effective  in  retarding  flaming 
was  monammonium  phosphate  (Eickner  and  Schaffer  1967). 
In  Arizona  chaparral,  the  rate  of  spread  decreased  as  phosphate 


Table  4 — The  ether  extractive  proportion  of  leaf  samples  of 
chaparral  species,  as  percent  ofovendrv  weight 


Ether 

Species 

extractives 

Percent 

Black  sage  (Salvia  mellifera)' 

19  1 

Dwarf  rosemary  [Rosmarinus  officinalis^ 

18.4 

White  sage  (5.  apiana)' 

180 

California  sagebrush  (Artemisia  californica)' 

15  6 

Pointleaf  manzanita  (Arctostaphylos  punt^ens)- 

14  .^ 

Aspen  (Populus  tremuloides)^ 

11.2 

Bigberry  manzanita  (Arctostaphylos gtauca)' 

10,7 

Creeping  sage  (5.  sonomensis)^ 

10  1 

Chamise  (Adenostoma fasciculatiim)^ 

8,8 

Ponderosa  pine  (needles)  (Pinus ponderosa)^ 

8.2 

Toyon  (Heteromeles  arbutifotia) ' 

6.9 

Laurel  sumac  (Rhus  laurinaV 

6.4 

Shrub  live  oak  (Quercus  turbinella)- 

6,2 

Hoaryleaf  ceanothus  (Ceanothus  crassifoliusV 

5,3 

Mountain  mahogany  (Cercocarpus  betuloides)' 

5,2 

Scrub  oak  (Quercus  dumosa)' 

3,7 

Fourwing  saltbush  (Atriplex  canescens)^ 

1.0 

Castlevalley  saltbush  (A.  cuneatn)^ 

2.3 

'  Montgomery  1976. 

-  U.S.  Dep.  Agnc,  Forest  Service  1964. 

^  Rothermel  1976. 

(PO4)  content  increased  to  about  0.235  percent,  where  rate  of 
spread  leveled  out  (Lindenmuth  and  Davis  1973). 

King  and  Vines  (1969),  in  Australia,  also  found  low  flam- 
mability of  leaves  of  forest  species  to  be  associated  with  high 
mineral  content;  but  they  related  the  effect  to  the  total  concen- 
tration of  mineral  elements  rather  than  to  the  concentration  of 
any  one  element. 

Slow-Burning  Plants 

Researchers  often  receive  requests  for  lists  of  "fire  resis- 
tant" or  "low  flammability"  plants,  or  they  are  asked  to  rate 
the  "fire  resistance"  of  plants  on  a  hst.  Answering  such  re- 
quests to  the  satisfaction  of  those  requesting  help  is  usually  not 
possible,  although  some  general  statements  concerning  fire  re- 
sistance can  be  made. 

Moisture  content  is  generally  considered  the  most  important 
influence  on  flammability.  Unirrigated  woody  plant  growth  has 
its  highest  moisture  content  during  the  early  spring,  and  is  most 
fire  resistant  at  that  time.  Young  brush  stands  are  higher  in 
moisture  content  than  older  growth,  and  young  brush  free  of 
dead  fuel  is  almost  fireproof. 

Coniferous  plants — the  pines,  firs,  cedars,  junipers, 
etc. — as  a  group,  are  more  flammable  than  broadleaved  trees, 
which  are  sometimes  planted  in  strips  through  pine  plantations 
to  act  as  firebreaks.  Conifers  contain  more  of  the  ether  extrac- 
tives than  do  most  broadleaved  trees,  and  their  moisture  con- 
tent tends  to  be  lower  than  that  of  deciduous  trees.  The 
eucalypts  growing  in  Mediterranean-type  climate  in  Australia 
are  very  flammable  because  of  volatile  oils  in  their  leaves 
(King  and  Vines  1969)  and  because  considerable  bark  sloughed 
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from  the  trunk  accumulates  as  ground  litter.  Among  these 
species,  the  blue  gum  eucalyptus  (Eucalyptus  globulus 
Labill.),  widely  planted  in  California,  is  particularly  flamma- 
ble. 

All  native  California  shrubs  will  burn  under  extreme  condi- 
tions; although  some  are  observed  to  be  more  or  less  flammable 
than  most,  the  reasons  are  not  always  obvious  (Ching  and 
Stewart  1962).  Chamise,  California  buckwheat,  members  of 
the  Salvia  genus,  and  other  members  of  the  soft  chaparral 
community  are  flammable  because  of  high  content  of  extracta- 
bles,  low  moisture  content,  large  proportion  of  dead  material, 
small  size  of  stems,  and  the  presence  of  dry  grass  among  the 
shrubs  (Countryman  and  Philpot  1970,  Philpot  1969,  Tyson 
1974).  Shrubs  in  the  chaparral  community,  particularly  those 
common  on  north  slopes  such  as  scrub  oak  and  mountain 
mahogany,  are  less  flammable.  More  wildfires  occur  in  soft 
chaparral  than  in  chaparral. 

Fire  resistant  plant  research  at  the  Riverside  Forest  Fire 
Laboratory  was  directed  more  at  finding  low-volume  than 
slow-burning  vegetation.  Many  promising  plants  were  tested 


(Nord  and  Green  1977),  but  because  of  chaparral  ecosystem 
complexity,  no  shrubs  were  found  that  were  widely  adapted. 


Weather 

Fire  weather  is  the  state  of  the  atmosphere  surrounding  a 
prescribed  fire  location  and  as  far  away  as  it  may  affect  fire 
behavior  on  a  burn  date  (Schroeder  and  Buck  1970).  Most 
weather  elements  important  in  prescribed  burning  are  readily 
measurable .  Some  can  be  measured  directly,  others  can  be  es- 
timated from  professional  weather  forecasts.  Interpretation  and 
application  of  weather  data  can  be  difficult. 

Wind 

Predicting  the  speed  and  direction  of  the  wind  is  the  most 
difficult  task  in  local  fire  weather  forecasting.  Wind,  more  than 
any  other  fire  danger  factor,  makes  fire  behavior  erratic,  and 
windspeeds  in  excess  of  acceptable  limits  cause  most 
prescribed  burn  escapes  (fig.  16).  Winds  of  20  to  70  mi/h  (32  to 


Figure  16 — A  combination  of  steep  slope  and  wind  gusts  of  about 
24  mi/h  took  fire  up  a  previously  backfired  slope  and  across  a 
fireline. 
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113  km/h)  have  been  primarily  responsible  for  the  spread  of 
large  wildfires. 

Winds  accelerate  the  oxygen  supply  to  the  burning  fuel 
zone,  thereby  boosting  the  rate  of  combustion.  They  carry 
heated  air  to  the  fuel  on  the  downwind  or  lee  side  of  burning 
material,  thus  raising  the  fuel  temperature,  and  driving  off 
moisture.  The  result  is  faster  ignition  and  greater  burning  in- 
tensity. Winds  also  carry  away  water  vapor,  which  otherwise 
dampens  fire,  and  accelerate  evaporation  from  fuels.  Finally, 
winds  encourage  firebrand  formation  and  move  the  brands 
ahead  of  the  fire  front. 

On  the  other  hand,  wind  near  the  upper  limits  of  a  burning 
prescription  may  permit  burning  of  fuels  with  relatively  high 
moisture  content.  If  windspeeds  are  near  zero  and  terrain  is 
flat,  fire  in  chaparral  does  not  spread.  Thick  brush,  especially 
chamise  chaparral,  usually  does  not  have  enough  ground  litter 
(1  ton/acre  [2.2  t/ha]  or  more)  to  allow  fire  spread.  Winds  must 
be  strong  enough,  at  least  3  or  4  mi/h  (4.8  or  6.4  km/h),  to 
move  fire  through  brush  crowns  on  level  or  gently  sloping  ter- 
rain, and  to  dissipate  heat  under  tree  canopies.  Wind  is  espe- 
cially important  in  spreading  fire  where  fuels  are  sparse. 

Data  in  the  Fireline  Handbook  (U.S.  Dep.  Agric,  Forest 
Serv.  1975)  indicate  that  increases- in  windspeed  are  accom- 
panied by  roughly  corresponding  increases  in  rates  of  fire 
spread.  As  wind  velocity  goes  from  about  1  to  10  mi/h  (1 .6  to  16 
km/h),  the  rate  of  spread  increases  about  five  times.  As  wind 
velocity  increases  from  1  to  22  mi/h  (1 .6  to  35.4  km/h),  the  rate 
increases  about  10  times.  In  very  fine  fuels  such  as  dry  grass, 
rate  of  spread  seems  to  increase  faster  than  wind  velocity.  For 
slightly  heavier  fuels,  such  as  small  twigs,  the  rate  is  propor- 
tionate to  changes  in  windspeed.  In  larger  fuels,  those  about  Vi 
inch  (0.63  cm)  in  diameter,  an  increase  in  windspeed  does  not 
cause  an  ever-increasing  rate  of  spread  (pers.  commun. 
Richard  C.  Rothermel). 

The  maximum  safe  windspeed  for  prescribed  burning  of 
standing  chaparral  is  generally  accepted  to  be  10  mi/h  (16 
km/h)  (Southwest  Interagency  Fire  Counc.  1968;  Northern  Re- 
gion, Forest  Serv.  n.d.)-  Exceptions  to  the  maximum  10  mi/h 
(16  km/h)  windspeed  recommendation  for  prescribed  burning 
have  been  made  for  grasslands  in  Texas  and  for  pirion-juniper. 
In  Texas,  winds  between  8  and  16  mi/h  (13  and  26  km/h)  may 
be  necessary  to  bum  standing  herbicide-treated  brush  on  level 
terrain  where  the  fire  spread  is  in  grass  (Wright  and  Bunting 
1976).  Lindenmuth  and  Davis  (1973)  thought  winds  of  at  least 
7  to  8  mi/h  (11.2  to  13  km/h)  necessary  for  good  burning  of 
brush  under  prescribed  conditions.  To  kill  scattered  or  clumpy 
juniper  with  sagebrush  and  rabbitbnish  understory  but  not 
much  grass,  winds  of  8  to  15  mi/h  (12.8  to  24  km/h)  were 
prescribed  in  eastern  Washington  and  Oregon  (Pacific  North- 
west Region,  Forest  Serv.  1973).  Fuels  in  juniper  types  are 
frequently  sparse,  and  higher  windspeeds  and  lower 
humidities  are  needed  for  burning  than  in  more  closely  spaced 
fuel  types  (Martin  1978,  Pase  and  Granfelt  1977). 

For  burning  in  chaparral,  winds  of  4  to  8  mi/h  (6  to  13  km/h) 
are  generally  about  right,  except  possibly  where  wind  is  blow- 
ing up  a  steep  slope.  Windspeed  may  then  be  too  great,  and  a 
range  of  2  to  6  mi/h  (3  to  10  km/h)  is  recommended.  With  8  to 


10  mi/h  (13  to  16  km/h)  winds,  there  will  be  gusts  of  12  to  15 
mi/h  (19  to  24  km/h).  These  do  not  usually  cause  serious  con- 
trol problems,  but  gusts  of  15  to  20  mi/h  (24  to  32  km/h)  com- 
monly carry  firebrands  100  or  200  ft  (30  or  60  m),  and  spot  fires 
may  result.  During  one  prescribed  burn  in  southern  California, 
gusts  of  20  mi/h  (32  km/h)  carried  firebrands  300  ft  (91.5  m), 
and  "smokes"  resulted  in  three  dead  fuel  accumulations 
(Green  1970). 

Wind  direction,  especially  changes  in  direction,  may  be  as 
important  as  windspeed  during  a  prescribed  burn.  Usually,  a 
prevailing  surface  wind  can  be  identified  and  kept  in  mind  in 
burn  planning.  A  firebreak  is  frequently  prepared  before  the 
burn,  or  burned  out  as  a  first  phase  of  the  burn,  so  the  prevail- 
ing wind  will  not  carry  firebrands  beyond  the  planned  burn 
limits. 

Local  topographic  features  frequently  cause  unstable  and 
erratic  winds,  particularly  during  the  afternoon  when 
windspeed  may  increase.  Winds  tend  to  change  direction  and 
vary  in  velocity  as  the  airstream  flows  around  and  over  ridges 
and  through  saddles,  and  otherwise  adapts  itself  to  the  topog- 
raphy. Near  the  ocean,  a  sea  breeze  may  develop,  and  control- 
ling fire  is  then  a  difficult  job. 

During  daylight  hours,  after  the  air  near  the  ground  has 
warmed,  air  movement  tends  to  be  upcanyon  and  upslope, 
sometimes  strongly  so.  The  effects  of  wind  and  slope  are  then 
mutually  reinforcing,  and  fire  spread  rates  may  be  doubled. 
About  sundown,  or  a  little  later,  air  movement  is  normally 
downcanyon  and  downslope,  and  this  continues  until  shortly 
after  sunrise. 

The  classic  pattern  of  local  daytime  upcanyon  and  nighttime 
downcanyon  winds  can  be  upset  by  overriding  ambient  (synop- 
tic scale)  winds.  Such  upsets  occur  when  high  air  pressure  sys- 
tems occupy  the  Intermountain  States,  and  pressure  is  lower 
off  coastal  California  or  Oregon.  Sometimes,  very  strong 
foehn  winds  result.  In  southern  California,  the  Santa  Anas 
blow  from  the  north  or  northeast  and  in  central  California,  the 
Monos  blow  from  the  east.  If  the  ambient  northeast  Santa  Ana 
winds  are  of  low  to  moderate  intensity  and  are  blowing  aloft 
but  not  along  the  ground,  upcanyon  south  or  southwest  daytime 
winds  may  be  measured  at  a  burn  site  when  official  forecasts 
call  for  northeast  winds.  This  apparent  contradiction  can  be 
confusing  if  the  relation  between  surface  and  ambient  winds  is 
not  understood. 

Firefighters  have  also  observed  wind  shifts  from  upcanyon 
to  downcanyon  during  the  early  afternoon  in  east-facing  can- 
yons. Fires  burn  erratically  during  a  change  in  wind  direction. 
In  the  historic  Decker  wildfire  in  the  Santa  Ana  Mountains  of 
southern  California,  the  prevailing  winds  stopped  suddenly  in 
late  afternoon.  The  fire  then  responded  to  topographic  influ- 
ences and  ran  uphill,  where  it  trapped  and  burned  firefighters, 
six  of  whom  died. 

An  intense  downslope  wind — the  Sundowner — has  been 
experienced  on  the  western  slopes  of  coastal  mountains  during 
evening  hours,  especially  in  the  Santa  Barbara  area.  The  condi- 
tions responsible  have  not  been  precisely  determined. 

Knowledge  of  windspeed  and  direction  is  important  not  only 
for  maintaining  the  security  of  the  bum,  but  also  in  satisfying 
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current  air  quality  regulations  which  limit  prescribed  burning. 
(See  discussion  of  "Smoke  Management.") 

For  measuring  and  reporting  windspeed,  the  standard  height 
used  by  the  Weather  Service  and  Fire  Danger  Rating  and  other 
stations  collecting  weather  data  is  20  ft  (6  m)  above  open 
ground  or  above  vegetation.  Wind  velocity  measurements  on 
prescribed  burns  in  chaparral  are  not  generally  taken  at  20  ft, 
however.  Most  portable  automatic  recording  weather  stations 
have  anemometer  masts  6  to  10  ft  (2  to  3  m)  high,  which  means 
that  they  record  windspeed  only  a  few  feet  above  the  brush 
canopies.  Similarly,  measurements  with  a  hand-held 
windspeed  meter  are  usually  made  at  about  5  ft  (1.5  m),  near 
the  midflame  zone  for  chaparral;  this  midflame  wind  deter- 
mines the  rate  of  fire  spread. 

Because  of  surface  irregularities,  wind  velocities  at  20  ft 
aboveground  are  greater  than  those  closer  to  the  ground  or 
within  stands  of  vegetation.  Midflame  windspeeds  are  about 
half  those  at  20  ft  in  fuels  such  as  grass  or  brush  that  are  directly 
exposed  to  the  windflow.'  An  even  greater  reduction  in 
windspeed  exists  between  the  20-foot  and  the  standard  4V'2- 
foot  (1.4-m)  midflame  height  of  fuels  sheltered  by  dense  tree 
canopies.  The  nomograms  published  by  Albini  (1976)  have  a 
built-in  correction  to  reduce  the  windspeed  measured  at  20  ft  to 
the  midflame  windspeed  for  each  fuel  type;  the  TI-59  Cal- 
culator Fire  Behavior  Program  does  also.^ 

The  windspeeds  quoted  and  recommended  in  this  paper 
should  be  considered  as  midflame  measurements. 

Relative  Humidity 

Moisture  in  the  atmosphere — the  humidity — is  important 
in  planning  prescribed  burns  because  small  dead  fuels  take 
moisture  from  the  atmosphere,  or  give  up  moisture  to  the  at- 
mosphere, depending  on  the  relative  humidity.  Otherwise, 
humidity  has  little  direct  effect  on  fire. 


'Data  from  the  TI-59  Fire  Danger/Fire  Behavior  Calculator  Training  Test 
Course,  Northern  Forest  Fire  Laboratory,  Missoula,  Montana,  August  1979. 


Relative  humidity  expresses  the  amount  of  moisture  in  the 
air  compared  with  the  water  vapor  capacity  if  the  air  were  satu- 
rated at  the  existing  temperature  and  pressure.  At  20  percent 
relative  humidity,  the  air  has  considerable  capacity  to  dry  out 
damp  fuels.  Relative  humidity  of  100  percent  is  frequent  at 
night,  when  moisture  condenses  as  dew  or  fog,  and  occurs  at 
any  time  if  rain  is  falling.  Relative  humidity  tends  to  be  lowest 
during  the  part  of  the  day  when  temperatures  are  highest. 

Dry  fuel  exposed  to  the  atmosphere  absorbs  moisture  until  it 
reaches  equilibrium;  that  is,  the  fuel  absorbs  all  the  moisture  it 
can  at  a  given  relative  humidity.  If  the  fuel  is  exposed  long 
enough  to  saturated  air  (relative  humidity  =  100  percent),  its 
moisture  content  reaches  about  30  percent.  Increases  in  mois- 
ture content  of  dead  fuel  beyond  30  percent  require  the  addition 
of  liquid  water  such  as  dew,  rain,  or  melted  snow.  Because 
relative  humidity  is  usually  less  than  100  percent,  and  exposure 
of  woody  fuels  to  high  humidities  is  restricted  by  diurnal  fluc- 
tuations, moisture  content  of  wildland  fuels  is  generally  less 
than  20  percent  {table  5). 

Not  all  wildland  fuels  have  the  same  absorption  characteris- 
tics; twigs  from  one  species  may  contain  slightly  more  or  less 
moisture  than  twigs  from  another  species  exposed  to  the  same 
relative  humidity  (Mobley  and  others  1973;  Northern  Region, 
Forest  Serv.  n.d.). 

Effect  of  Temperature — Relative  humidity  is  the  proportion 
of  water  vapor  capacity  of  the  air  that  is  actually  occupied  by 
water  vapor.  If  the  air  temperature  rises,  the  capacity  of  the 
atmosphere  to  take  on  moisture  increases,  and  the  proportion 
of  this  capacity  actually  occupied  by  moisture  decreases.  At 
20°  F  (-6.6°  C),  a  block  of  air  weighing  1  kg  would  be  satu- 
rated by  about  2.3  g  of  water;  at  40°  F  (4°  C),  just  over  5  g;  at 
60°  F  (15°  C),  10.5  g;  at  80°  F  (27°  C),  about  20.3  g;  and  at  100° 
F  (38°  C),  40.3  g  (Brown  and  Davis  1973).  Thus,  the  capacity 
of  air  to  hold  water  approximately  doubles  with  each  20°  F 
(11°  C)  temperature  increase,  and  is  halved  by  a  reduction  of 
20°  F 

An  average  of  many  humidity  readings  taken  with  a  sling 
psychrometer  during  prescribed  fire  operations  in  southern 


Table  5 — Approximate  moisture  content  of  small  dead  fuels  ( I-  and  10-hour  timelag)  at 
equilibrium  with  temperature  and humidiry' 


Relative 

Moisture  content,  by  temperature  (degrees  F) 

humidity 

(pet.) 

40 

50 

60 

70 

80 

90 

100 

no 

120 

10 

2.5 

2.5 

2.5 

2.5 

2.4 

2.3 

2.3 

2.2 

2.1 

20 

4.6 

4.6 

4.6 

4.5 

4.4 

4.3 

4.2 

4.0 

3.8 

30 

6.3 

6.3 

6.2 

6.1 

5.9 

5.8 

5.6 

5.4 

5.2 

40 

7.9 

7.8 

7  7 

7.6 

7.4 

7.2 

7.0 

6.8 

6.5 

50 

9.6 

9.3 

9.2 

9.1 

8.9 

8.8 

8.6 

8.3 

8.0 

60 

11.3 

11.2 

II. 1 

10.9 

10.7 

10.5 

10.2 

9.9 

9.6 

70 

13.4 

13.3 

13.2 

13.0 

12.8 

12.5 

12.2 

11.9 

11.6 

80 

16.3 

16.3 

16.2 

16.0 

15.8 

15.5 

15.1 

14.7 

14.3 

90 

21.4 

21.3 

21.1 

20.8 

20.5 

20.1 

19.6 

19.1 

18.5 

Adapted  from  Countryman  ( 197 1 )  and  from  Green  (unpubhshed  data). 
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California  showed  that  between  60°  and  90°  F,  relative  humid- 
ity was  approximately  doubled  or  halved  by  20°  F  temperature 
changes,  but  that  between  60°  and  40°  F,  the  corresponding 
changes  tended  to  be  less  than  double.  Relative  humidity  fluc- 
tuated widely,  however,  at  any  temperature,  reflecting  the  vary- 
ing water  content  of  the  airmass  during  a  day,  or  from  one  day 
to  another.  Assuming  that  on  a  given  day  the  moisture  content 
of  the  air  in  the  inland  Northwest  may  be  relatively  stable, 
Martin  and  Dell  (1978)  suggest  that  for  prescribed  burning, 
rough  predictions  of  relative  humidity  may  be  made  early  in  the 
day  from  air  temperature  forecasts  or  measurements. 

Effect  of  Air  Pressure — The  effect  of  atmospheric  pressure 
on  relative  humidity  is  much  less  dramatic  than  that  of  air  tem- 
perature, and  is  frequently  ignored.  Wide  elevational  dif- 
ferences produce  effects  great  enough  to  be  important,  how- 
ever, in  some  prescribed  burning  operations.  Selected  values 
from  relative  humidity  tables  show  this: 

Relative  humidity,  by  temperature  (°F) 


Dr\  bulb 

Dr\'  bulb 

Drv  bulb 

60°.  net 

80°.  wet 

100°.  wet 

Elevation  (ft): 

bulb  40° 

bulb  60° 
Percent 

bulb  70° 

0  to  50() 

5 

29 

21 

500  to  2000 

6 

30 

21 

2000  to  4000 

9 

31 

22 

4000  to  6000 

12 

32 

23 

6000-1- 

15 

34 

25 

It  is  evident  that  substantial  errors  in  relative  humidity  readings 
can  result  if  charts  or  scales  designed  for  low  elevations  are 
used  at  high  elevations. 

General  Recommendations — When  dry  slash  from  lumber- 
ing operations  is  burned,  a  relative  humidity  of  30  to  40  per- 
cent is  recommended  (Beaufait  1966;  Buck  1971;  Donoghue 
and  Johnson  1975;  Northern  Region,  Forest  Serv.  n.d.).  Levels 
above  40  percent  resulted  in  slow  burning  conditions,  and 
below  20  or  25  percent  in  dangerous  burning.  These  data  apply 
to  piled  or  windrowed  brush ,  or  other  dead  fuel  accumulations. 

Preferred  relative  humidity  for  forest  underburning  in  the 
southern  United  States  where  prescribed  burns  are  conducted 
on  several  million  acres  each  year  was  in  the  30-  to  50-percent 
range  (Mobley  and  others  1973).  Relative  humidity  between  26 
and  64  percent  was  suggested  for  underburning  on  fuelbreaks 
in  the  Sierra  Nevada  mixed-conifer  type  (Schimke  and  Green 
1970). 

Experience  in  chaparral  indicates  that  to  burn  standing,  un- 
treated chaparral  25  to  40  years  old,  with  25  to  40  percent  of 
the  biomass  dead,  a  relative  humidity  of  about  25  to  35  percent 
is  about  right.  If  the  humidity  is  above  40  percent,  and  particu- 
larly if  it  has  recently  been  higher,  as  is  usual  during  the  night 
or  morning  hours,  fire  will  not  spread  without  excessive  wind 
or  steep  slope  {fig.  / 7).  If  the  fuel  biomass  is  less  than  20  per- 
cent dead,  it  may  not  burn  at  all  under  prescribed  burning  con- 
ditions, unless  relative  humidity  is  about  15  to  20  percent  and 
there  are  brisk  winds,  or  the  area  has  steep  slopes.  Conversely, 
if  the  brush  is  very  old  and  40  to  60  percent  dead,  or  if  it  has 
been  crushed  or  sprayed  to  increase  the  dead-to-live  ratio,  a 


Figure  17 — At  relative  humidity  of  42  percent, 
some  litter  accumulations  were  burned  from 
beneath  this  stand,  but  the  fire  did  not  spread, 
nor  did  it  burn  green  brush. 


humidity  of  35  to  60  percent  is  needed  to  keep  fire  intensity 
within  acceptable  limits. 

Slopes  covered  with  chamise  or  soft  chaparral  generally 
burn  at  about  25  to  35  percent  humidity,  if  the  brush  is  mature. 
Chandler  (1957)  found  that  scrub  oak  brush  would  not  carry 
fire  at  65  percent  relative  humidity,  even  with  8  mi/h  (13  km/h) 
of  wind,  but  93  percent  of  sage  (Salvia)  burned  at  38  percent 
relative  humidity,  and  two-thirds  of  chamise  fuel  was  con- 
sumed at  33  percent  relative  humidity.  Bentley  and  others 
(1971)  regarded  40  to  45  percent  humidity  as  too  high  to  burn 
old  manzanita  brushfields  around  Mount  Shasta,  California, 
unless  wind  was  greater  than  5  mi/h  (8  km/h).  About  30  per- 
cent is  recommended  by  Mendocino  National  Forest  personnel 
for  burning  without  firelines. 

Fuel  accumulations  where  dead  stems  1  to  6  inches  (2.5  to  15 
cm)  in  diameter  predominate  can  be  burned  at  any  humidity 
range  provided  stem  interiors  are  dry.  Brush  piles  or  other  slash 
containing  large-diameter  dry  material  should  be  burned  with 
40  to  70  percent  relative  humidity. 

Relative  humidity  for  prescribed  burning  of  various  fuels  is 
summarized  as  follows: 

Relative  humidity  (pet.  )for  given 
fire  intensity  response 


Type  of  fuel: 

Low 

Moderate 

High 

Dry  grass,  weeds,  other 

l-hourtimelag  fuels 

50  to  4 1 

40  to  30 

29  to  20 

Standing  mature  brush 

20  to  30  pet.  dead 

35  to  26 

25  to  18 

17  to  15 

31  to  45  pet.  dead 

45  to  36 

35  to  24 

23  to  18 

Brush  sprayed,  crushed  or 

decadent.  45  to  65  pet.  dead 

60  to  41 

40  to  3  1 

30  to  25 

Piled  brush  or  slash 

70  to  4 1 

40  to  36 

35  to  20 

Woodland  or  forest 

Thinning  slash 

70  to  4 1 

40  to  36 

35  to  30 

Underburning  mixed  conifer 

or  oak  in  California 

60to41 

40  to  31 

30  to  25 
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Air  Temperature 

During  the  day,  high  air  temperatures  warm  fuels  so  that  less 
preheating  by  fire  is  required  for  combustion.  Evaporation  is 
more  rapid,  and  less  heat  energy  is  required  to  reduce  fiiel 
moisture.  As  air  temperature  rises  and  relative  humidity  de- 
creases, fire  intensity  increases  and  spotting  becomes  more 
likely.  High  air  temperatures  can  cause  unstable  air.  Heating 
near  the  ground  results  in  convection  currents  that  may  act  like 
chimneys  for  the  fire,  or  firewhirls  can  develop.  High  air  tem- 
peratures cause  strong  upslope  daytime  winds,  but  strong  in- 
versions or  ambient  winds  may  override  this  effect  and  prevent 
the  upslope  winds  from  developing. 

In  chaparral,  spotting  incidence  increases  noticeably  as 
temperatures  rise  above  80°  to  85°  F  (27°  to  29°  C).  During 
summer  and  fall  in  northern  California,  when  small  dead  man- 
zanita  brush  fuels  were  dry,  danger  of  spotting  was  minimal 
when  air  temperature  was  80°  F  and  relative  humidity  was  60 
percent  (Bentley  1967).  In  later  burning  trials  in  manzanita 
brushfields  near  Mount  Shasta,  California,  there  was  no 
trouble  with  spot  fires  when  air  temperature  was  63°  to  70°  F 
(17°  to  21°  C),  and  relative  humidity  was  35  to  42  percent 
(Bentley  and  others  1971).  During  a  southern  California  bum 
where  chamise  chaparral  had  been  treated  to  desiccate  leaves 
and  fine  twigs,  wind  gusts  of  about  20  mi/h  (32  km/h)  carried 
live  firebrands  as  much  as  300  ft  (91 . 5  m)  when  air  temperature 
was  80°  F  and  humidity  28  percent  (Green  1970). 

Field  data  from  32  prescribed  fires  in  Texas  grass-brushland 
indicated  that  air  temperature  was  the  best  predictor  for 
maximum  fire  spotting  distance.  No  firebrands  ignited  grasses 
beyond  100  ft  (30  m)  when  air  temperature  was  less  than  60°  F 
(15°  C),  nor  beyond  400  ft  (122  m)  when  air  temperature  was 
75°  F  (24°  C),  relative  humidity  was  at  least  25  percent,  and 
wind  was  no  more  than  15  mi/h  (24  km/h)  (Bunting  and  Wright 
1976). 

In  one  chaparral  incident  in  southern  California,  crews  tried 
to  burn  dense,  45-year-old  brush  at  9:15  a.m.  without  success. 
By  10:30,  the  brush  smoldered,  and  at  about  11:15  it  burned 
with  flames  up  to  30  ft  (9  m)  high,  a  reflection  of  the  warmer 
temperatures  and  lower  humidity.  The  temperature  of  the  fuel, 
as  influenced  by  ambient  air  temperature  and  direct  sunlight, 
had  a  profound  effect  on  the  ignition  and  combustion. 

High  air  temperatures  contribute  to  crown  scorch  in  burning 
under  trees.  Cambium  is  damaged  at  140°  F  (60°  C)  or  less, 
depending  on  duration  of  exposure  (Hare  1961).  The  higher  the 
air  temperature,  the  sooner  this  critical  temperature  is  reached. 
A  tree  crown  above  a  fire  when  the  air  temperature  is  95°  F  (35° 
C)  would  suffer  about  twice  as  much  damage  as  it  would  if  the 
temperature  were  only  40°  F  (4°  C).  Air  temperatures  of  80°  to 
95°  F  (27°  to  35°  C)  are  recommended  for  summer  burns  when 
the  objective  is  to  kill  undesirable  trees,  but  less  than  50°  F  (10° 
C)  for  winter  burning  aimed  at  cleaning  up  the  forest  floor 
(Mobley  and  others  1973). 

For  fuelbreak  maintenance  in  the  central  Sierra  Nevada, 
Schimke  and  Green  (1970)  suggested  air  temperatures  of  30°  to 
80°  F  (  —  1°  to  27°  C).  For  underburning  in  Sierra  Nevada  pon- 
derosa  pine  forest,  Biswell  and  Schultz  (1956)  recommended 
65°  F  (18°  C)  or  below.  During  bums  conducted  under  Arizona 


ponderosa  pine  forest,  Gaines  and  others  (1958)  concluded  that 
the  59°  to  67°  F  (15°  to  19°  C)  range  they  experienced  was  near 
the  ideal,  but  that  73°  to  75°  F  (23°  to  24°  C)  was  too  hot.  Where 
singeing  tree  crowns  is  not  a  danger,  as  in  chaparral  burning  or 
on  open  fuelbreaks,  somewhat  higher  air  temperatures  can  be 
tolerated. 

Air  temperature  recommendations  during  prescribed  burn- 
ing are  as  follows: 

Air  temperatures  (°F)  for  given 
fire  intensity  response 

Fuel:  Loyv  Moderate  High 

Standing  chaparral  20  to  59  60  to  80  8 1  to  95 

Burning  under  tree  canopies  20  to  39  40  to  70  71  to  85 


Topography 

Prescribed  burning  in  chaparral  is  almost  always  in,  or  near, 
rough  topography  that  directly  or  indirectly  affects  burning  de- 
cisions. The  terrain  may  determine  the  ignition  pattern  to  be 
used,  and  may  also  create  difficulties  in  forecasting  speed  and 
direction  of  wind. 

Local  Terrain 

Air  close  to  the  ground  is  wanned  during  hours  of  bright 
sunlight,  and  because  warm  air  rises,  upslope  or  upcanyon  sur- 
face winds  are  common  during  the  day.  At  sunset,  cooling  near 
the  ground  begins.  The  cooled  air,  heavier  than  the  warmer  air 
above,  flows  downhill  or  downcanyon  and  into  the  valleys. 
General  surface  airflow  is  also  channeled  through  canyons  and 
saddles,  moving  more  rapidly  as  passages  become  narrow. 
(Fuelbreaks  are  therefore  widened  at  such  places.)  Upslope  or 
downslope  winds  may  influence  a  fire  burning  low  on  the  slope 
more  than  a  fire  burning  high  on  the  slope.  Conversely,  a  fire 
high  on  the  slope  is  usually  more  affected  by  ambient  winds 
(Northern  Region,  Forest  Serv.  n.d.). 

Gusty,  turbulent  flows  and  directional  changes  occur  par- 
ticularly at  canyon  intersections  and  wherever  canyons  change 
direction.  Narrow  or  shallow  canyons  act  as  "chinmeys"  up 
which  fire  rushes,  making  control  difficult  and  increasing 
danger  to  fire  crews.  Eddies  are  frequently  created  as  wind 
crosses  a  ridgetop  or  flows  through  a  saddle,  and  these  cause 
erratic  winds  on  the  lee  side  of  ridges  (Brown  and  Davis  1973, 
Schroeder  and  Buck  1970,  Southwest  Interagency  Fire  Counc. 
1968). 

Chaparral  at  low  elevations  is  ordinarily,  but  not  always, 
ready  for  buming  earlier  in  the  year  than  bmsh  at  higher  eleva- 
tions. Normally,  air  temperature  decreases  at  least  3.5°  F/1000 
ft  (2°  C/305  m)  of  elevation,  and  plant  development  is  delayed 
about  10  days  for  each  1000  ft.  Effects  of  temperatiu^  inver- 
sions, however,  may  alter  this  pattern.  Air  that  is  cooled  after 
nightfall  by  contact  with  cool  ground  surfaces  flows  downcan- 
yon, forcing  the  warm  air  to  rise  and  forming  a  "thermal  belt" 
partway  up  a  mountain  canyon  slope.  There,  vegetation  can  be 
bumed  when  similar  vegetation  below,  or  sometimes  above, 
will  not  bum.  (This  effect  has  been  reported  from  the  Men- 
docino and  Angeles  National  Forests.)  Along  coastal  areas. 
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cold  marine  air  hundreds  or  even  thousands  of  feet  thick 
(Schroeder  and  Buck  1970)  may  push  inland.  Again,  brush  in 
the  warmer  air  above  may  be  burned  while  burning  of  brush  in 
the  zone  of  marine  air  must  wait  until  conditions  change. 

Aspect 

Aspect  (exposure)  influences  air  temperature,  winds,  fuel 
temperature,  fuel  moisture,  and  fuel  types  {fig.  18).  The  rela- 
tive fire  danger  increases  from  northern  to  southern  exposures 
(Northern  Region,  Forest  Serv.  n.d.;  Southwest  Interagency 
Fire  Counc.  1968).  Most  severe  fire  microclimates  are  on 
southern  or  southwestern  exposures. 

Sunlight  strikes  southern  exposures  more  directly  and  for 
longer  periods  each  day  than  northern  exposures.  Conse- 
quently, south-facing  slopes  are  hotter  and  drier.  Evaporation 
and  transpiration  stresses  are  greater  on  southern  exposures, 
and  both  dead  and  live  fuel  moistures  are  lower  than  on  north- 
erly or  easterly  exposures.  South-facing  slopes  in  the  chaparral 
are  generally  dominated  by  chamise  and  burn  when  north- 
facing  slopes  do  not.  Thus,  personnel  of  the  Grindstone  Can- 
yon Brushland  Management  Project,  Mendocino  National 
Forest,  report  that  they  can  conduct  prescribed  burns  at  times 
with  no  fireline  construction.  Within  certain  prescribed  condi- 
tions, fires  simply  go  out  when  the  ridgetop  is  reached  and  the 
exposure  changes. 

A  study  in  the  Pacific  Northwest  (Morris  1966)  showed  that 
during  drying  periods  following  rains,  with  lower  duff  still 
wet,  fire  would  spread  in  clearcut  slash  on  northern  slopes  only 
if  fuel  stick  moisture  was  10.6  percent  or  below,  but  it  would 
spread  in  slash  on  southern  exposures  with  fuel  stick  moisture 
up  to  18.5  percent.  Where  lower  duff  had  dried,  fire  would 
spread  with  fuel  stick  moisture  below  17.7  percent  on  north 
slopes  and  25.6  percent  or  below  on  southern  slopes. 

Southern  exposures  might  call  for  burning  during  early 
morning  or  evening  so  that  fire  intensity  could  be  controlled. 


North  slopes  and  moist  canyon  bottoms  might  best  be  burned 
during  the  hot  part  of  the  day  and  after  adjacent  south  slopes 
have  been  burned. 

Slope 

Slope  has  an  effect  on  fire  similar  to  windspeed — the 
steeper  the  slope,  the  more  rapidly  fire  spreads  uphill  and  the 
more  slowly  it  spreads  downhill  (fig.  19).  The  heat  rising  from 
burning  fuel  dries  and  preheats  fuel  located  uphill  from  the 
heat  source.  The  rising  heat  has  much  less  effect  on  downslope 
fuels.  Fire  consequently  moves  much  more  rapidly  upslope 
than  downslope.  Frequently  the  fire  cannot  be  stopped  until  it 
reaches  the  top  of  a  hill  where  terrain  flattens  out. 

A  tabulation  derived  from  analysis  of  fire  reports  in  Califor- 
nia (U.S.  Dep.  Agric,  Forest  Serv.  1975;  Southwest  Intera- 
gency Fire  Counc.  1968)  suggests  that  relative  slope  effects  are 
as  follows: 


Relative  rate 

Fire  movement: 
Downslope 

Slope  (pet. ) 
-40  to -70 
-20  to -39 

of  forward  spread 

of  flame  front 

1.0 

1.5 

-5  to -19 

2.5 

Nearly  level 

-4  to +4 
+5  to +  19 

5.0 

7.5 

+  20  to +39 

10.0 

Upslope 

+40  to +70 

22.5 

From  this  tabulation,  we  can  estimate  that  a  fire  burning  up  a 
slope  of  -I-  20  to  -I-  39  percent  will  spread  two  times  faster  than  a 
fire  on  a  nearly  level  slope  (10.0  ^  5.0  =  2.0);  that  a  fire  burn- 
ing down  a  40-  to  70-percent  slope  will  travel  about  one-fifth  as 
fast  as  on  nearly  level  ground,  and  that  rate  of  spread  will 


Figure  18 — Ceanoihus  and  chamise  domi- 
nate the  south-facing  slope  in  the  foreground, 
and  manzanita  and  scrub  oak  dominate  the 
north-facing  slope  beyond. 


Rgure  19 — When  moving  up  a  slope  such  as 
this,  fire  will  spread  three  to  five  times  faster 
than  on  level  ground. 
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roughly  double  for  each  25-  to  30-percent  increase  in  slope 
percentage. 

The  California  Department  of  Forestry  (Helm  and  others 
1973)  determined  that  fire  spread  on  slopes  of  41  to  60  percent 
would  have  windspeed  equivalents  in  miles  per  hour  one  to 
four  times  as  great  as  on  0-  to  40-percent  slopes,  and  that 
slopes  greater  than  60  percent  would  have  windspeed  equiva- 
lents two  to  seven  times  greater  than  0-  to  40-percent  slopes.  In 
Australia,  a  10-degree  (about  18  percent)  increase  in  slope  was 
credited  with  doubling  the  rate  of  fire  spread  up  the  slope;  a 
similar  decrease  in  downslope  halved  the  rate  of  fire  spread. 
Fire  on  a  17-  to  18-percent  slope  spread  upslope  twice  as  fast  as 
on  level  ground;  on  a  35-percent  slope,  fire  spread  upslope 
about  four  times  as  fast  (Foster  1976,  McArthur  1962). 

In  the  estimates  of  forward  spread  given  above,  the  effects  of 
fire  spotting  are  not  allowed  for.  An  additional  slope  effect  that 
increases  fire  spread  is  that  burning  material  may  roll 
downslope  and  across  a  control  line  and  start  new  fire.  Also,  as 
the  slope  increases,  movement  of  personnel  and  equipment  be- 
comes more  difficult. 

Other  slope  effects  appear  to  be  small.  In  Canada, 
maximum  temperatures  on  steep  slopes  were  only  about  4°  F 
(-16°  C)  higher  than  on  level  terrain,  and  steepness  of  slope 
had  little  effect  on  fuel  moisture  (Muraro  1964). 


Season  and  Time  of  Day 

The  timing  of  a  prescribed  burning  project  is  an  important 
planning  element.  Both  time  of  year  and  time  of  day  affect 
burning  conditions. 


Figure  20 — Summer  burns  are  apt  to  be  in- 
tense because  values  for  prescription  ele- 
ments tend  to  be  high.  This  research  burn 
took  place  July  19, 1977.  Air  temperature  was 
87°  to  gOT,  relative  humidity  was  28  to  36  per- 
cent, windspeeds  were  0  to  12  mi/h,  and  35  to 
45  percent  of  the  stand  was  dead. 


Seasonal  Considerations 

The  season  for  prescribed  burning  can  be  any  time  that  burn- 
ing can  be  accomplished  within  prescribed  limits  of  weather, 
fuel,  and  manpower,  and  when  bum  objectives  can  be  met.  The 
months  of  July  through  October  offer  fewer  opportunities  than 
other  months,  although  with  proper  planning  or  at  high  eleva- 
tions, chaparral  can  be  safely  burned  even  then.  Since  1945, 
California  ranchers  have  conducted  burns  regularly  under 
permit  from  the  California  Department  of  Forestry  during 
summer  months;  there  were  occasional  escapes  and  some  bum 
shutdowns  during  weather  extremes. 

Fire  escape  hazard  is  greatest  during  the  late  summer  and 
fall  because  of  weather  extremes,  dry  fuel,  and  high  chemical 
content  of  the  brush  (fig.  20).  At  that  time,  there  has  been  little 
or  no  rainfall  for  4  or  more  months,  and  both  soil  and  brush 
foliage  are  dry.  To  make  matters  worse,  late  summer  to  early 
winter  are  the  seasons  when  the  frequency  of  foehn  winds — 
the  Santa  Anas  of  southern  California,  and  the  Monos  and  east 
winds  farther  north — is  greatest.  The  ether  extractable  com- 
ponents— the  fats,  waxes,  oils,  etc. — of  chaparral  shrubs  are 
at  their  highest  during  the  autumn  months,  bringing  about  a 
considerable  increase  in  heat  value.  In  one  study,  chamise 
leaves  increased  in  extractive  content  from  8.5  percent  in  the 
spring  to  12  percent  in  the  fall.  Stem  extractive  content  in- 
creased from  4.3  to  8.9  percent  during  the  same  period 
(Philpot  1969). 

In  October,  November,  and  December  there  are  days  suita- 
ble for  burning,  even  before  significant  amounts  of  rain  have 
fallen.  Days  are  short  and  nights  are  cool,  so  that  with  proper 
preparation,  burns  can  be  accomplished  safely.  During  these 
early  winter  months,  there  is  only  a  modest  recovery  in  mois- 
ture content  of  green  brush,  and  prescribed  burns  are  hotter  and 
cleaner  than  they  are  later  in  the  year.  If  mineral  soil  should  be 
exposed,  as  for  conifer  reproduction  or  grass  seeding,  fall  or 
early  winter  is  a  better  time  for  burning  than  late  winter  or 
spring. 

The  late  fall  or  early  winter  months,  before  considerable  rain 
has  fallen,  is  not  the  best  time  to  burn  where  litter  is  deep,  or 
where  there  are  large-diameter  fuel  accumulations.  Where 
concentrations  of  100-  to  1000-hour  timelag  fuels — those 
greater  than  an  inch  in  diameter — are  present,  burning  is  par- 
ticularly risky  during  this  period.  These  fuels  will  contain  only 
minimal  moisture,  and  will  burn  intensely,  with  maximum 
damage  to  soil  and  to  oak  or  conifer  stems  and  canopies. 

After  several  inches  of  rain  have  fallen,  burning  must  of 
course  be  suspended.  However,  1-hour  timelag  fuels — 
grasses,  weeds,  or  pine  needles — can  be  burned  a  few  hours 
following  soaking  rain,  or  within  a  day  or  two,  provided  there 
is  drying  weather.  After  2  to  5  days  of  drying  weather  follow- 
ing rain,  small  brush  fuels  can  usually  be  burned.  Unfortu- 
nately, once  the  rainy  season  has  started,  a  succession  of  storms 
may  prevent  buming. 

Growth  starts  in  the  spring  during  periods  when  there  is 
available  soil  moisture,  and  when  air  temperatures  are  at  least 
40°  F  (4°  C)  (Bentley  and  Talbot  1951).  Then,  moisture  content 
of  the  shrubs  increases  rapidly,  and  the  risk  of  escape  is  more 
nearly  eliminated  than  at  any  other  time  of  year.  Spring  is  an 
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Figure  21 — Late  winter  or  spring  is  a  good  time  to  burn  crushed 
brush  or  brush  piles.  Surrounding  brushfields  are  more  fire  resis- 
tant than  at  any  other  time  of  the  year 


excellent  time  to  burn  crushed  brush,  sprayed  brush,  brush 
piles  or  windrows,  or  other  concentrations  of  dead  fuel  (fig. 
21). 

Summer  burning  in  perennial  grass  may  result  in  consider- 
able mortality,  depressed  yield,  or  both  (Cable  1965,  1967; 
Dwyer  and  Pieper  1967;  Humphry  and  Everson  1951;  Reynolds 
and  Bohning  1956).  On  the  other  hand,  burning  after  heavy 
rains  during  the  dormant  season  will  probably  not  damage  the 
stand.  Perennial  grasses  have  been  burned  in  Arizona  (Pase 
1971,  Pase  and  Knipe  1977)  and  on  the  Mendocino  National 
Forest  during  December  and  January  following  soaking  rains 
without  damage  to  the  stand.  Burning  of  stands  of  tall  fescue 
(Festuca  arundinacea  Schreb.)  in  the  Ozarks  during  the  late 
winter  dormant  stage  did  not  reduce  yield  (Probasco  and 
Bjugstad  1977). 

Time  of  Day 

Within  any  24-hour  period,  fuel  and  weather  conditions  vary 
and  prescribed  fire  planning  must  allow  for  this  or  take  advan- 
tage of  it.  For  example,  in  the  central  Sierra  Nevada,  whiteleaf 
manzanita  averaged  159  percent  leaf  moisture  content  during 
the  cool  hours  before  dawn  and  121  percent  during  early  after- 
noon hours  (Philpot  1965).  Fluctuation  in  flow  of  springs  re- 


flects, among  other  things,  the  transpiration  demands  of  the 
plants  above  the  spring.  In  summer  at  the  San  Joaquin  Exper- 
imental Range,  Madera  County,  California,  flow  varied  from  a 
pencil-sized  stream  to  a  drip  between  early  morning  and  hot 
afternoon. 

Probably  the  safest  time  of  day  for  prescribed  burning  is 
from  midday  to  midafternoon.  During  this  period,  fuels  are  as 
dry  as  they  will  be,  air  temperatures  are  at  a  maximum  or  are 
cooling,  and  winds  are  frequently  at  or  past  peak  velocity.  As 
burning  is  extended  into  late  afternoon,  control  problems  be- 
come minimal.  The  recommended  timing  requires  more  night 
patrolling,  and  perhaps  overtime  pay  or  adjusted  workdays  for 
crews  would  be  necessary.  If  the  objective  is  a  high-intensity 
burn  that  removes  a  maximum  of  brush,  the  operation  would 
need  to  start  at  about  1300  hours. 

During  prescribed  burning  studies  near  Mount  Shasta,  Cali- 
fornia, personnel  of  the  Fuel-Break  Research  Project  found 
that  prescription  conditions  that  ensured  a  relatively  safe  bum 
frequently  did  not  occuruntil  evening  (fig.  22).  Values  for  one 
or  more  prescription  elements  were  excessive  throughout  the 
day,  and  evening  £ind  night  burns  were  therefore  carried  out. 
The  limited  visibility  at  night  required  special  communication 
arrangements,  night  patrol,  and  mopup.  Igniting  fires  during 
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Figure  22 — Late  evening  or  nighttime  burn- 
ing is  necessary  if  prescription  conditions  do 
not  occur  earlier  Hazardous  fuels  along  a 
fireline  are  sometimes  burned  at  night. 


evening  hours  required  careful  attention  to  the  likelihood  of 
wind  shifts  from  upcanyon  or  calm  to  downcanyon. 

Night  burning  has  been  used  successfully  by  California 
ranchers  to  clear  wide  firelines  in  grass  and  scattered  brush,  but 
is  used  less  frequently  in  dense,  mature  brush.  Riverside  Forest 
Fire  Laboratory  personnel  have  burned  brush  at  night  on  fuel- 
break  locations  following  ball  and  chain  crushing.  At  one  site, 
the  fire  did  not  burn  into  18- year-old  brush  at  all,  and  on  other 
sites,  older  but  untreated  brush  and  dry  grass  did  not  ignite  or 
burn  readily  because  the  fine,  dry  fuel  had  absorbed  moisture 
as  the  humidity  percentage  increased. 

Sometimes  a  burn  is  begun  as  early  in  the  morning  as  fuels 
will  burn,  so  that  it  can  be  completed  before  the  heat  of  the  day. 
If  the  area  to  be  burned  is  extensive,  or  terrain  is  a  problem,  the 
immediate  objective  may  be  to  have  a  safe  line  burned  out  be- 
fore the  hot  part  of  the  day.  Early  morning  burns  are  facilitated 
by  nighttime  relative  humidity  of  not  more  than  50  percent.  If 
nighttime  humidity  approaches  100  percent,  moist  fine  fuels 
and  low  temperatures  may  make  successful  burning  impos- 
sible during  the  morning  hours.  Fuels  are  cool  and  damp,  and 
fuel  sticks  located  in  full  sunlight  may  not  reflect  the  actual 
resistance  to  ignition  and  fire  spread  of  shaded  fuels  within  the 
burn  unit.  Relative  humidity  readings  taken  during  the  morn- 
ing similarly  may  not  reflect  actual  burning  conditions.  Slow 
ignition  and  spotty  fuel  consumption  may  result.  There  may  be 
flare-ups  later  in  the  day.  Slopes  exposed  to  early  morning  sun- 
light can  be  ignited  earlier  than  shaded  slopes  or  gullies. 


OTHER  PLANNING  CONCERNS 


The  topics  discussed  here,  though  important  to  success  of  a 
prescribed  burning  project,  do  not  normally  make  a  part  of  the 
prescription.  They  are  considerations  in  the  planning  process. 

Fuel  Preparation 

Prescribed  fire  for  reduction  of  chaparral  is  most  useful  in 
mature  or  decadent  stands  with  a  high  dead-to-live-fuel  ratio. 
These  are  the  stands  most  subject  to  dangerous  wildfire  if  fuel 
reduction  is  not  achieved.  When  brush  stands  are  young — less 
than  20  or  25  years  old — the  dead-to-live-fuel  ratio  is  usually 
less  than  1:5;  the  brush  is  less  than  20  percent  dead.  The  green 
fuel  moisture  in  young  brush  tends  to  be  high  and  contributes  to 
low  flammability  of  the  brush  stand.  Brush  that  is  less  than  20 
percent  dead  can  seldom  be  burned  satisfactorily,  and  large 
wildfires  seldom  occur  in  such  youthful  brushfields  (Rogers 
1942).  Brush  that  is  about  one-fourth  dead  is  marginal  for 
prescribed  burning,  and  only  when  the  dead-to-live-fuel  ratio 
is  between  1:3  and  1:2  does  a  prescribed  fire  burn  readily,  or  a 
10,000-  or  30,000-acre  (4050-  or  12,150-ha)  conflagration  be- 
come a  threat. 

If  young  dense  brush  is  to  be  burned,  it  must  be  treated  to 
increase  the  proportion  dead,  and  to  reduce  the  average  mois- 
ture content.  This  can  be  accomplished  by  spraying  with  her- 
bicide, or  by  mechanical  crushing  (Green  1977,  Roby  and 
Green  1976). 

Spraying  of  standing  brush  for  burning  is  generally  more 
economical  than  crushing,  but  because  the  desiccants  are  usu- 
ally broadcast  from  aircraft,  their  use  is  restricted  to  locations 
remote  from  towns  or  farmlands. 
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Figure  23 — New  twigs  are  produced  from  un- 
damaged stems  following  spraying  with  con- 
tact herbicides,  and  sometimes  following 
2,4-D  spray 
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Systemic  herbicides  such  as  2,4-D  should  be  applied  during 
the  late  spring.  Leaves  and  twigs  dry  slowly  during  the  follow- 
ing weeks  and  months.  A  single  treatment  usually  kills  about 
one-third  of  top  growth  of  brush  species  that  sprout  from  a  root 
crown,  such  as  oak  or  chamise,  but  may  kill  more  sensitive 
species  such  as  Ceanothus  and  Salvia  (sage).  The  stand  can 
then  be  burned  during  the  winter  or  spring  following  treat- 
ment, frequently  with  almost  complete  removal  of  the  brush. 

Quick-acting  contact  herbicides — fortified  weed  oils  and 
other  products — damage  only  the  plant  tissue  touched  by  the 
herbicide  (Green  1977).  Leaves  and  very  small  twigs  lose 
moisture  within  hours,  and  the  effect  is  complete  within  1  or  2 
weeks  if  daily  maximum  temperatures  are  above  70°  F  (21°  C). 
Prescribed  burning  should  follow  soon;  if  it  does  not,  the  effect 
is  nullified  as  the  small  branches  put  out  new  twigs  and  leaves 
{Jig.  23).  Removal  of  branch  wood  by  treatment  with  contact 
herbicides  is  minimal. 

Crushing  as  a  brush  treatment  is  generally  more  effective 
than  spraying  with  herbicides,  unless  the  brush  is  very  limber 
and  cannot  be  broken  and  compacted.  Crushing  can  be  done  by 
a  bulldozer  with  the  blade  12  to  14  inches  (30.5  to  36  cm)  above 
the  soil  surface,  by  a  chain  between  two  tractors,  or  by  a  chain 
between  a  tractor  and  a  large  steel  ball  (Roby  and  Green  1976) 
(fig.  24).  One  or  two  passes  of  a  crushing  instrument  will  usu- 
ally convert  fire-resistant  brush  to  fuel  that  will  be  consumed 
by  fire  a  few  days  later. 

If  complete  brush  removal  is  needed  for  drill  seeding  or 
other  range  improvement,  100  percent  of  the  area  should  be 
crushed.  If  brush  is  mature  and  dense,  crushing  strips  amount- 
ing to  as  little  as  one-fourth  to  one-third  of  the  area  will  be 
enough  to  accomplish  most  prescribed  burn  objectives. 

Ignition  l\/letfiods 

The  ignition  or  firing  pattern  is  determined  primarily  by  the 
speed  and  direction  of  prevailing  winds,  and  by  the  slope. 


Other  considerations  are  size  of  burn,  accessibility  of  the  burn 
interior  to  personnel,  and  fuel  loading.  In  the  following  discus- 
sion, several  "standard"  firing  patterns  are  described. 
Schimke  and  Green  (1970)  discuss  variations  of  these  ignition 
methods  to  use  when  burning  fuelbreaks.  These  hand-firing 
methods  are  rapidly  being  modified  as  the  helitorch  comes  into 
wide-scale  use. 

Backfiring  Versus  Headfiring 

The  direction  of  fire  progress  in  relation  to  slope  and  wind  is 
important  in  discussion  of  ignition  methods.  A  backing  fire  is 
any  fire  burning  into  or  against  the  wind  or  down  a  slope  with- 
out the  aid  of  wind.  During  Santa  Ana  conditions,  fire  is  some- 
times driven  downslope  by  strong  winds,  and  it  then  acts  as  a 
headfire — one  that  burns  with  the  wind,  or  upslope.  A  flanking 
fire  spreads  at  right  angles  to  the  wind  or  slope  direction. 

Headfires  move  faster  and  burn  more  area  with  greater  flame 
height  and  intensity  than  backing  fires.  In  burning  tests  on 
pine-hardwood  plots  in  Texas,  headfires  burned  over  plots  five 
times  as  fast  and  flames  were  three  times  as  high,  as  with  back- 
ing fires  (Ferguson  1957).  Because  of  the  greater  flame  length, 
headfires  have  a  more  damaging  effect  on  stems  and  canopies 
than  backing  fires  (Hough  1968,  Palmer  and  Devet  1966). 
Headfires  can  be  used  when  backfires  won't  bum  satisfactorily, 
because  they  will  spread  through  somewhat  sparser  fuels  and 
fuels  with  slightly  higher  moisture  content. 

Backing  fires  need  continuous  and  uniform  fine  fuels  to 
spread  the  fire.  Because  the  rate  of  fire  spread,  flame  height, 
and  energy  release  are  so  much  less  than  for  headfires,  backing 
fires  do  less  damage  to  canopies  and  should  be  used  when  oaks 
or  conifers  are  to  be  protected  during  prescribed  burning. 
However,  if  there  are  fuel  accumulations  around  bases  of  trees, 
backing  fires  may  burn  deeply  for  a  long  period  with  a  higher 
heat  release  rate  than  during  a  headfire,  and  kill  or  damage  the 
trees.  To  prevent  this,  burning  must  be  done  when  subsurface 
litter  is  wet. 


Figure  24 — To  crush  chaparral  shrubs,  a  Navy  buoy,  or  ball  {A)  is 
filled  with  water,  attached  to  a  tractor  by  a  chain,  and  dragged  along 


a  hillside.  Treated  brush  may  burn  completely  (B)  when  untreated 
brush  will  not  burn  at  all. 
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Perimeter  Firing 

Most  chaparral  burns  are  on  mildly  sloping  to  steep  terrain; 
almost  none  are  on  level  ground.  In  daytime  burning,  winds 
tend  to  be  upcanyon  and  upslope.  Because  both  slope  and  wind 
encourage  rapid  uphill  fire  runs,  safe  daytime  prescribed  burns 
in  chaparral  must  usually  be  started  near  the  highest  elevation 
along  the  fireline  surrounding  the  burn  site.  Two  teams  start 
back  to  back  and  ignite  the  brush  as  they  move  away  from  each 
other  along  the  ridgetop  firebreak.  This  procedure  causes  the 
fire  to  back  slowly  into  the  wind  and  down  the  slope.  The  two 
firing  teams  work  across  the  upper  boundary  of  the  bum,  and 
the  "backing"  fire  creates  a  wide  burned  firebreak  as  it  burns 
downslope.  As  the  firing  teams  pass  the  upper  corners  of  the 
burn  area,  they  turn  downslope,  usually  on  lateral  ridges,  and 
ignite  the  brush  along  the  sides  or  flanks  of  the  bum.  As  they 
approach  the  lower  elevation  fireline,  the  two  teams  start  work- 
ing toward  each  other  across  the  bottom  of  the  burn  area  to 
close  the  ring  around  the  fire.  The  headfire,  burning  with  the 
wind  and  up  the  slope,  then  burns  until  it  meets  the  backing 
and  flanking  fires. 

The  procedure  described  is  known  as  the  perimeter  or  ring 
firing  technique  (Mobley  and  others  1973,  Martin  1976,  Martin 
and  Dell  1978).  It  is  the  easiest  firing  technique  to  use  safely  in 
chaparral.  A  possible  disadvantage  of  perimeter  firing  is  that 
once  begun,  it  must  be  completed — the  ring  must  be  closed  to 
prevent  escape.  There  is  usually  no  provision  for  stopping  the 
burn  short  of  completion .  In  coniferous  forest,  perimeter  firing 
may  result  in  too  much  crown  scorch  in  the  center  of  the  burn . 

Strip  Headfiring 

Where  the  terrain  and  fuel  allow  crews  carrying  firing 
equipment  to  cross  the  slope  safely,  they  can  ignite  the  backfire 
along  the  ridgetop  fireline,  then  drop  downslope — 50  ft  (15 
m),  more  or  less,  depending  on  slope  steepness  and  burning 
conditions — and  fire  a  line  parallel  to  the  first  one.  From  there, 
the  fire  burns  as  a  headfire  up  to  the  backfire.  The  firing  teams 
then  burn  out  successive  strips  downslope  until  they  reach  the 
bottom  fireline.  This  is  the  strip  headfire  method  of  firing.  It  is 
not  practical  in  tall,  dense  brush  unless  trails  are  prepared  for 
the  firing  crews  before  the  actual  burn,  or  unless  the  helitorch  is 
used  (see  discussion  below). 

The  strip  headfire  method  was  used  for  some  small  (5-acre 
[2-ha])  experimental  prescribed  burns  in  southern  California 
(Green  1970).  Strips  about  a  chain  apart  were  crushed  to  allow 
access  through  brush  6  to  8  ft  (2  to  2.5  m)  high.  Two  men  with 
drip  torches  went  to  the  center  of  each  crushed  strip  and  fired  as 
they  proceeded  toward  opposite  edges  of  the  burn.  The  same 
firing  team  burned  out  all  the  strips,  thus  ensuring  that  a  strip 
below  them  on  the  slope  would  not  be  inadvertently  ignited 
prematurely.  The  partially  dry  crushed  brush  burned  fiercely, 
contributing  to  greater  consumption  of  brush  in  strips  above. 

Stopping  a  strip  burn  before  completion  is  difficult  unless 
the  fuel  is  fight  and  can  be  readily  extinguished.  For  a  large 
burn,  firelines  may  be  prepared  to  allow  for  better  control  in 
the  event  that  the  fire  needs  to  be  stopped.  But  the  strip  firing 
process  can  be  stopped  at  any  time,  and  fire  spread  downslope 
would  then  be  slow. 


Flanl(  Firing 

A  system  called  flank  firing  can  be  used  where  crews  can 
walk  safely  and  easily  downslope  through  the  fuels.  Backfiring 
from  the  ridgetop  establishes  a  burned  line  across  the  top  of  the 
burn.  Then,  several  men  fire  from  this  line  parallel  to  one 
another  into  the  wind  or  downslope .  The  lines  of  fire  spread  out 
in  an  irregular  V  behind  the  fire  setters  and  burn  together. 
Where  two  lines  of  fire  merge,  a  line  of  greater  fire  intensity 
exists  until  the  fuels  are  consumed.  Flank  firing  is  useful  in 
grass  or  in  open  stands  of  low-growing  brush,  but  not  in  dense 
brush. 

Center  Perimeter  Firing 

When  a  high-intensity  fire  is  needed  that  will  override  ef- 
fects of  low-intensity  surface  winds,  reduce  heat  near  the 
perimeter,  and  put  smoke  high  in  the  air,  center  firing  may  be 
the  answer  (Martin  and  Dell  1978).  Center  firing  is  commonly 
used  in  clearcut  slash  burning  and  has  been  used  in  chaparral. 
The  procedure  calls  for  lighting  a  fire  or  a  small  ring  of  fires 
near  the  center  of  the  prescribed  burn.  When  flames  are  6  ft 
(1.8  m)  high  or  more,  additional  fires  are  lit  in  a  ring  around  the 
center  fires.  After  these  are  burning  and  flames  are  being 
pulled  toward  the  center,  another  ring  of  fires — or  more  likely, 
in  small  burns,  the  burn  perimeter — is  fired.  Inrushing  air 
pulls  flames  into  the  burn  and  toward  the  center  convection 
column. 

The  center  perimeter  firing  system  is  most  useful  on  level  or 
gentle  terrain  and  should  not  be  attempted  if  slope  is  greater 
than  30  percent. 

Center  perimeter  firing  was  used  in  manzanita-dominated 
chaparral  near  Mount  Shasta,  California,  where  prescribed 
burning  on  plots  of  4  and  18  acres  (1.6  and  5.7  ha)  was  being 
studied  (Bentley  and  others  1971).  Because  the  brush  was 
dense  and  movement  on  foot  too  difficult  and  slow  for  manual 
firing,  the  plots  were  center-ignited  with  electrical  squibs  at- 
tached to  diesel-gel  fuel  boosters  wired  in  a  series  circuit  and 
fired  with  a  blasting  machine  (Schimke  and  others  1969).  On 
plots  that  had  been  sprayed  to  desiccate  the  brush,  and  under 
cool  burning  conditions — air  temperature  63°  to  70°  F  (17°  to 
21°  C),  relative  humidity  35  to  42  percent,  and  windspeed  2  to 
4  mi/h  (3  to  6.4  km/h) — the  center  firing  worked  very  well.  An 
intense  convection  column  developed,  and  flame  along  the  plot 
perimeters  "leaned  inward"  toward  the  plot  centers  {fig.  25). 
A  swarm  of  flaming  or  glowing  leaves  and  twigs  was  drawn 
into  the  convection  column,  but  they  were  cool  when  they  came 
down  in  adjoining  plots  and  no  spot  fires  resulted. 

Area  Ignition 

In  area  ignition,  a  number  of  spots  or  lines  through  the  bum 
area  are  fired  as  nearly  simultaneously  as  possible.  Sometimes, 
patterns  are  laid  out  over  the  area  in  a  center-ring  firing  config- 
uration. The  fire  sets  must  be  close  enough — 1  to  2  chains 
apart — to  influence  and  support  each  other.  Fuels  between  the 
fires  are  preheated  by  radiation,  and  thus  burn  more  rapidly 
than  from  a  single  fire  front.  The  small  burns  pull  or  draw  on 
each  other  so  that  fire  intensity  is  magnified,  particularly  at  the 
junction  zones  (Mobley  and  others  1973,  Sackett  1968,  Fenner 
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Figure  25 — During  prescribed  burn  studies  in  chaparral  on  the 
Shasta-Trinity  National  Forest,  plots  were  center-fired,  then  the 


perimeter  was  fired  (A).  A  few  minutes  later,  a  well-developed  center 
convection  column  pulled  the  perimeter  fire  inward  (S). 


and  others  1955).  The  numerous  fire  sets  finally  burn  as  one 
intense  fire  with  a  strong  indraft.  Firewhirls — small  fire 
storms — frequently  develop. 

Area  ignition  can  be  a  useful  firing  technique  when  burning 
conditions  are  such  that  other  ignition  methods  spread  fire  too 
slowly,  or  not  at  all,  or  if  a  clean  bum  is  desired.  This  type  of 
firing  can  be  scheduled  for  late  winter  or  spring  when  moisture 
content  of  green  fuel  is  high  and  there  is  little  escape  hazard. 

Area  ignition  techniques  were  developed  to  bum  heavy 
brush  fuels.  Although  the  system  requires  that  readily  ignitable 
fuel  be  available  through  the  brushfield,  there  is  no  point  in 
using  area  ignition  on  light  flashy  fuels  which  bum  readily  with 
other  firing  systems. 

To  keep  control  over  the  mass  fire  created  by  area  ignition, 
the  bum  area  should  be  kept  small — no  more  than  5  or  6  acres 
(2  or  2.4  ha)  (Fenner  and  others  1955).  If  a  larger  area  is  to  be 
burned  by  this  method,  the  firing  must  be  timed  so  that  some 
acreage  is  in  the  individual  ignition  point  stage,  some  is  in  the 
buildup  stage  where  fires  are  beginning  to  affect  each  other, 
some  is  in  the  mass  fire  stage,  and  some  is  cooling  down. 

Area  ignition  should  be  used  when  winds  are  less  than  5  mi/h 
(8  km/h).  One  area  ignition  test  fire  went  "over  the  hill"  be- 
cause of  too  much  wind  at  the  time  of  maximum  fire  activity. 
Other  prescription  conditions  should  also  tend  to  low  fire 
intensity — relative  humidity  should  be  30  percent  or  higher, 
and  air  temperature  less  than  85°  F  (29°  C).  A  test  fire  from  a 
single  ignition  point  should  spread  slowly  and  be  readily  extin- 
guishable. 

Use  of  the  Helitorch 

The  helitorch  is  a  device  for  igniting  wildland  fuels;  it  is 
suspended  under  and  controlled  from  a  helicopter.  A  frame 
supports  a  55-gallon  drum  containing  alumagel  (a  jellied 
aluminum-gasoline  mixture),  a  small  electric  motor  which 
drives  a  pump,  and  an  igniter.  As  the  helicopter  flies  along  a 


ridge  at  40  mi/h  (64  km/h),  or  hovers,  or  flies  a  grid  pattern,  the 
jellied  gasoline  is  pumped  out  of  the  drum  and  ignited,  and 
falls  to  the  ground  as  globules  burning  with  high-intensity 
flame. 

Research  and  experience  have  shown  that  large  firebrands, 
because  they  emit  greater  amounts  of  heat  over  a  greater  length 
of  time,  dry  out  and  ignite  fuels  with  higher  moisture  contents 
than  do  smaller  firebrands.  We  also  know  that  the  distance  be- 
tween spot  fire  sets  strongly  influences  fire  intensity  under  a 
given  set  of  weather  and  fuel  conditions.  High-intensity  burns 
can  result  from  many  sets  close  together. 

The  helitorch  capitalizes  on  these  principles.  It  ignites  fuels 
that  cannot  be  readily  ignited  with  hand-held  drip  torches.  It  is 
speeding  a  trend  toward  less  dependence  on  extensive  perime- 
ter firelines  and  large  ignition  crews.  The  helitorch  can  ignite 
fuel  in  extensive  and  remote  areas  where  control  lines  are  not 
easy  to  install,  but  where  they  may  not  be  truly  required.  The 
Mendocino  National  Forest  in  northern  California  used  the 
helitorch  to  burn  brush  areas  not  surrounded  by  firelines, 
where  the  fire  self-extinguished  at  the  ridgetop.  Much  is  yet  to 
be  learned  about  use  of  the  helitorch,  however;  costs  in  relation 
to  results,  for  example,  have  not  been  clearly  determined. 


Smoke  Management 

After  the  prescribed  burn  planning  is  complete,  the  prescrip- 
tion written,  and  fire  control  lines  constructed,  and  even  when 
manpower  and  equipment  are  on  the  burn  site,  the  prescribed 
burn  can  be  canceled  because  it  is  a  "no-burn"  day.  This  desig- 
nation is  applied  by  an  agency  representing  citizenry  con- 
cerned with  the  contribution  of  smoke  to  air  pollution.  Many 
otherwise  good  prescribed  burn  opportunities  are  unavailable 
because  of  limitations  imposed  by  air  pollution  regulations. 
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The  Clean  Air  Act,  Public  Law  88-206,  passed  by  Congress 
in  1963  and  amended  thereafter  (1965-77),  requires  (Paulson 
and  others  1978)  that 

•  The  U.S.  Environmental  Protection  Agency  (EPA)  shall 
prepare  lists  of  air  pollutants  that  have  an  adverse  effect  on 
public  health  and  welfare.  Listed  pollutants  resulting  from 
burning  include  carbon  monoxide,  sulfur  dioxide,  hydrocar- 
bons, nitrogen  oxides,  suspended  particulate  matter,  and 
ozone . 

•  The  Environmental  Protection  Agency  shall  establish  na- 
tional ambient  air  quality  standards  for  each  major  air  pollut- 
ant. 

•  Each  State  shall  establish  air  quality  regions  covering  the 
State,  and  assure  that  air  quality  will  meet  national  standards. 

•  Each  State  shall  ensure  against  the  significant  deteriora- 
tion of  air  quality.  This  means  that  the  presently  clean  air  over 
national  parks,  wilderness  areas,  other  federally  owned  lands, 
desert  areas,  etc.,  must  not  suffer  significant  deterioration,  in- 
cluding deterioration  of  visibility.  This  requirement  could  af- 
fect prescribed  burning  adversely. 

The  CaHfornia  Legislature  established  the  Air  Resources 
Board,  which  operates  under  provisions  of  several  sections  of 
the  California  Health  and  Safety  Code.  The  Board  has  estab- 
lished 14  air  basins  (Air  Pollution  Control  Districts)  for  Cali- 
fornia, and  has  also  adopted  regulations  on  burning  of  agricul- 
tural wastes,  including  rangeland  and  forest  burning. 
Meteorological  criteria  have  been  established  in  each  of  the 
basins,  and  are  the  bases  for  the  burning  regulations.  Regu- 
lations and  other  actions  of  the  Board  which  affect  prescribed 
burning  are  given  below. 

•  By  1500  h  daily,  and  usually  before  noon,  for  each  of  the 
Air  Pollution  Control  Districts,  the  Board  determines  whether 
the  following  day  is  a  permissive  burn  day  or  a  no-burn  day.  If 


the  decision  cannot  be  made  that  day,  it  is  announced  by  0745  Y 
on  the  following  day.  The  decision  is  based  on  meteorologica 
data,  and  the  probable  effect  of  burning  on  ambient  air  qualit) 
within  the  air  basins. 

•  The  Board  has  defined  agricultural  burning  to  includt 
open  fires  used  in  forest  management,  range  improvement,  oi 
improvement  of  land  for  wildlife  and  game  habitat,  or  disease 
or  pest  prevention.  Range  improvement  burning  means  the  use 
of  open  fires  to  remove  vegetation  for  a  wildlife,  game,  oi[ 
livestock  habitat,  or  for  the  initial  establishment  of  an  agricul 
tural  pasture  on  previously  uncultivated  land.  Forest  manage 
ment  burning  means  the  use  of  open  fires  as  part  of  a  forest 
management  practice,  to  remove  forest  debris. 

•  The  Board  has  designated  the  Forest  Service,  the  Califor- 
nia Department  of  Forestry,  and  certain  other  fire  departments 
as  agencies  with  authority  to  issue  burning  permits  in  their 
respective  areas  of  jurisdiction.  The  permits  are  to  be  issued 
jointly  with  the  Air  Pollution  Control  District. 

•  The  Board  has  exempted  agricultural  burning  at  altitudes 
above  6000  ft  (1830  m)  from  the  agricultural  burning 
guidelines,  except  in  the  Tahoe  Basin. 

•  Upon  request  through  a  designated  agency,  7  days  in  ad- 
vance of  a  proposed  range  or  forest  bum,  an  air  resources 
meteorologist  will  give  48-hour  bum  or  no-bum  forecasts,  and 
these  will  be  continued  each  day  until  a  permissive  bum  notice 
can  be  issued  up  to  48  hours  before  the  scheduled  bum  date. 
The  State  Board  has  the  power  to  cancel  permissive  bum 
notices  that  were  issued  more  than  24  hours  in  advance,  and  a 
local  (county)  board  can  cancel  any  bum  within  its  area  of 
responsibility. 

•  The  Air  Pollution  Control  District  may  designate  a  period 
between  January  1  and  May  31,  during  which  time  range  im- 
provement burning  may  be  conducted  under  pennit  on  a  no- 
burn  day,  provided  that  more  than  50  percent  of  the  land  has 
been  treated  to  modify  bmsh  (brush  has  been  felled,  cmshed, 
or  sprayed). 
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Figure  26 — Smoke  from  fires  burning  green  brush  (A)  contains 
more  suspended  particles,  carbon  monoxide,  nitrogen  oxides,  and 


hydrocarbons  than  smoke  created  (S)  when  cured  grass  and 
spray-killed  brush  that  Is  mostly  dry  is  burned. 
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Each  Air  Pollution  Control  District  is  required  by  law  to  take 
:ie  following  actions: 

•  Adopt,  in  cooperation  with  the  fire  protection  agencies 
laving  jurisdiction  within  the  Air  Pollution  Control  District,  an 
mplementation  plan  for  agricultural  burning  consistent  with 
he  agricultural  burning  guidelines. 

•  Require  material  that  is  to  be  burned  to  be  sufficiently  dry, 
ind  free  of  material,  such  as  tires,  that  is  not  produced  in  the 
igricultural  operation,  to  bum  with  minimum  smoke. 

►  Regulate  burning  when  wind  direction  is  toward  a  nearby 
lopulated  area. 

•  Regulate  the  total  amount  of  waste  that  may  be  burned 
ach  day. 

•  Give  consideration  to  modification  of  the  burn  day  criteria 
or  specific  sites  where  the  location  is  favorable  with  reference 
o  populous  areas,  where  the  amount  of  material  to  be  burned  is 

lot  excessive,  and  where  expected  impact  on  air  quality  is  not 

expected  to  be  excessive. 

Air  Pollution  Control  Districts  or  local  government  entities 
within  the  Districts  may  establish  rules  that  are  more  stringent 
than  the  California  Air  Resources,  Board  rules.  San  Diego 
County,  for  example,  has  established  minimum  days  of  drying 
for  various  agricultural  fuels  (including  forest  and  range  fuels). 

Emissions  from  forestry  burning  are  highly  complex,  con- 
sisting of  hundreds  of  gaseous  chemical  compounds  and  par- 
ticulates which  vary  greatly  in  composition  and  physical 
properties  (Jig.  26).  If  burning  could  be  done  at  temperatures 
around  1800°  F  (1000°  C)  with  adequate  oxygen,  essentially  all 
the  products  of  combustion  would  be  converted  to  carbon 
dioxide  and  water.  But  such  conditions  are  seldom  experienced 
in  the  field,  and  leading  experts  in  forest  burning  estimate 
emissions  from  forest  prescribed  burning  of  predominantly  dry 
fuel  as  follows  (Geomet,  Inc.  1978;  Sandberg  and  others  1979): 


Lamb  1970).  Backfire  burning  in  rice  straw  reduced  emissions 
by  up  to  50  percent  when  straw  moisture  content  was  no  greater 
than  10  to  12  percent  (Nelson  and  others  1980).  Headfires  may 
produce  up  to  three  times  as  much  particulate  material  as  do 
backing  fires  (Tangren  1976,  Ryan  and  McMahon  1976). 

•  Smoke  dispersion  is  better  in  an  unstable  than  a  stable 
atmosphere.  Caution  is  necessary,  however,  because  excessive 
instability  may  result  in  escaped  fires.  Signs  of  a  stable  air 
condition  are  clouds  in  layers,  smoke  columns  drifting  apart 
after  a  short  rise,  and  poor  visibility  due  to  smoke,  haze,  or 
smog.  An  unstable  air  condition  is  signaled  by  gusty  winds, 
dust  devils  or  other  surface  whirlwinds,  cumulus-type  clouds 
which  indicate  rising  air  currents,  smoke  rising  to  great 
heights,  and  good  visibility.  When  the  temperature  increases 
with  height,  creating  a  temperature  inversion,  the  air  below  the 
top  of  the  inversion  layer  is  very  stable.  When  there  is  con- 
siderable decrease  in  temperature  with  height,  about  5.5° 
F/1000  ft  (3°  C/305  m)  elevation,  the  air  is  unstable  (Davis 
1969,  Schroeder  and  Buck  1970,  Brown  and  Davis  1973). 

•  Air  pollution  is  minimized  in  a  high-energy  fire  that  pro- 
duces a  tall  convection  column.  This  vents  the  smoke  through 
the  stable  air  of  inversion  layers,  provided  the  burning  is  within 
a  few  hundred  feet  from  the  top.  Smoke  released  above  the 
inversion  will  be  picked  up  by  moving  air  and  dispersed.  If  the 
burning  is  a  thousand  feet  or  more  below  the  top  of  the  inver- 
sion, burning  should  be  delayed,  because  smoke  will  be  trap- 
ped below  or  in  the  layer.  Without  a  convection  column,  the 
smoke  drifts  in  local  air  currents  (Cramer  and  Graham  1971) 
(fig.  27). 

•  Burning  at  high  elevations,  3000  to  4000  ft  (915  to  1220 
m),  may  be  possible  when  smoke  from  lower  elevations  might 
be  trapped  by  a  temperature  inversion.  Alternate  sites  should 
be  planned. 


Emission: 

Pounds  per  ton  of  fuel 

Caibon  dioxide 

2000  to  3500 

Water 

500  to  1500 

Carbon  monoxide 

20  to  500 

Particulates 

17  to  67 

Hydrocarbons 

10  to  40 

Nitrogen  oxides 

2  to  6 

Emissions  from  wildfires,  and  from  prescribed  fires  burning 
considerable  amounts  of  green  fuel,  would  be  greater,  or  at 
least  would  fall  near  the  upper  end  of  the  ranges  indicated. 

In  planning  for  prescribed  burns,  the  following  points 
should  be  considered: 

•  Combustion  is  more  nearly  complete  when  dry  or  dead 
fuels,  rather  than  wet  or  live  fuels,  are  burned.  There  is  less 
production  of  carbon  monoxide,  hydrocarbons,  and  particulate 
per  unit  of  material  consumed  (Darley  and  others  1 966) .  Dry  or 
partly  dry  fuel  is  a  result  of  spraying,  crushing,  and  aging  of 
the  brush.  Mature  crushed  brush  in  southern  California  has 
been  observed  to  bum  with  so  little  smoke  that  the  column  was 
scarcely  visible  a  mile  away. 

•  Backing  fires  appear  to  produce  less  smoke  than  headfires 
(Pharo  1976) — 35  percent  less  in  laboratory  studies  (Ward  and 


Rgure  27 — A  stable  atmosphere,  perhaps 
with  an  inversion  layer,  results  in  weak  convec- 
tive  columns  and  drifting  of  smoke  along  the 
ground. 
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•  Burning  should  be  done  at  times  when  air  movement  is 
away  from  sensitive  areas  {fig.  28),  so  that  smoke  will  be  less 
likely  to  drift  toward  such  areas. 

Manpower,  Equipment,  and  Control 
Lines 

When  an  organization  or  fire  boss  takes  on  a  prescribed  burn 
project  for  the  first  time,  manpower  and  equipment  are  usually 
assembled  as  though  to  combat  a  wildfire.  Wide  lines  are  con- 
structed and  equipment  is  stationed  at  strategic  locations.  This 
may  sometimes  be  necessary  during  summer  and  fall,  but  the 
need  is  much  less  in  winter  and  spring,  when  the  danger  of 
widespread  escape  is  small.  As  burning  experience  accumu- 
lates and  trust  in  burning  prescriptions  and  good  weather  fore- 
casts is  acquired,  the  need  for  elaborate  lines  and  so  much 
manpower  and  equipment  lessens.  Burn  crews  become 
smaller,  and  the  cost  of  burning  drops.  This  learning  process 
has  been  repeated  many  times. 

Many  low-intensity  burns  of  1  to  10  acres  (0.4  to  4  ha)  were 
carried  out  by  researchers  during  early  spring  in  the  mixed- 
conifer  type  of  the  Stanislaus  National  Forest,  using  a  crew  of 
only  four  men.  Two  did  the  lighting,  one  acted  as  boss  and 
observer,  and  one  managed  a  pickup  truck  with  a  slip-on 
pumper  unit.  The  ranger  district  could  have  been  called  on  for 
help  had  any  of  the  burns  escaped,  but  this  was  never  neces- 
sary. For  fall  burns,  a  suppression  force  was  kept  more  im- 
mediately accessible. 

Because  prescribed  burns  in  chaparral  are  seldom  low  inten- 
sity as  compared  with  those  under  a  coniferous  forest  canopy, 
more  precautions — wider  lines  and  more  manpower  and 
equipment — are  normally  taken  for  chaparral  burns.  Even  so, 
crushed  brush  has  been  burned  in  southern  California  during 
the  spring  with  the  green  brush  serving  as  fireline,  and  five  or 
six  men  on  hand.  There  have  also  been  limited  trials  in  south- 


Figure  28 — Because  sensitive  areas  must  be 
kept  free  of  smoke,  a  burn  such  as  this  must 
be  made  only  under  suitable  conditions. 
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em  California,  and  more  extensive  experience  on  the  Men- 
docino National  Forest,  in  which  standing  brush  has  been, 
burned  without  firelines.  Early  summer  and  fall  prescribedj 
burns  of  50  to  150  acres  (20  to  61  ha)  have  been  successfullyj 
accomplished  using  control  lines  20  or  30  ft  (6  or  9  m)  wide, 
several  pieces  of  firefighting  equipment,  and  20  to  30  men.    . 

Most  prescribed  burns  have  definite  perimeter  control  linesj  ^^^ 
determined  and  constructed  in  advance,  but  for  some  winter 
and  spring  burns,  the  firelines  may  not  actually  be  constructed 
If  fire  reaches  the  perimeter  of  such  a  planned  burn  and  crosses 
it,  a  decision  can  then  be  made  to  let  the  fire  burn  to  another 
planned  perimeter  for  reasons  which  should  be  recorded,  or 
action  can  be  taken  to  suppress  the  escape.  In  the  past, 
prescription  fires  that  crossed  a  perimeter  line  were  im- 
mediately suppressed.  This  is  costly  and  not  always  necessary. 
If  the  burn  prescription,  including  National  Weather  Service! 
forecasts,  is  still  being  met,  the  fire  might  be  allowed  to  burn  to 
the  secondary  perimeter  at  nominal  cost  for  additional  benefits 
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Weather  Information 

Whether  or  not  the  prescribed  burn  objectives  are  accom- 
plished safely  depends  in  large  part  on  elements  of  the  weather. 
The  planner  of  the  burn  must  make  a  considerable  effort  to 
acquire  the  needed  weather  data. 

Fire  Weather  Forecasts 

When  preparation  for  the  prescribed  burn  is  nearly  com- 
plete, and  the  tentative  burn  date  is  approaching,  the  help  of 
the  National  Weather  Service  should  be  enlisted.  If  available,  a 
special  fire  weather  forecaster  should  be  consulted;  otherwise, 
the  forecaster  on  duty  should  be  asked  for  a  spot  weather  fore- 
cast."* One  person  should  be  appointed  for  this  purpose,  and 
should  introduce  himself  in  person  or  by  telephone  to  the 
forecaster  a  few  days  before  the  anticipated  burn  date,  explain 
his  mission,  and  promise  that  the  forecaster  will  be  contacted 
daily  for  2-  to  5-day  spot  forecasts  until  the  burn  is  completed. 
These  calls  should  generally  be  after  0800  and  1700,  when 
updated  general  forecasts  become  available.  The  forecaster 
will  need  to  know  the  prescribed  burn  location,  the  elevation, 
and  the  terrain,  and  probably  will  want  local  weather  data  col- 
lected at  the  site.  Fire  weather  information  can  also  be  obtained 
through  the  local  forest  dispatcher,  from  continuous  radio 
broadcasts  on  162.55  MHz,  and  from  commercial  television 
and  radio. 

Weather  Data  at  the  Burn  Site 

Weather  readings  should  be  taken  at  the  burn  site,  rather 
than  at  a  distant  ranger  station  or  National  Fire  Danger  Rating 
Station  (see  below).  Otherwise,  there  is  danger  that  data  may 
not  be  relevant.  Readings  may  not  indicate  local  temperature  or 
wind  features,  for  example,  and  these  might  seriously  affect 
fire  behavior  or  smoke  distribution. 
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■•The  Weather  Service  has  a  request  form  for  special  "spot"  weather  fore- 
casts, "Fire  Weather  Special  Forecast  Request." 
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One  or  two  locations  should  be  selected  where  representa- 
ive  onsite  weather  observations  will  be  taken.  Preferably,  loca- 
ions  should  be  about  midslope  or  on  a  flat  within  the  burn, 
JTOvided  brush  or  trees  do  not  interfere  with  airflow  past  the 
/eather- measuring  equipment.  A  suitable  location  may  be  a 
jw  ridge  near  or  within  the  burn  site.  Midslope  locations  are 
(lost  representative  but  may  not  be  accessible  to  personnel  be- 
ause  of  dense  brush. 

A  weather  station  should  be  set  up  1  to  2  weeks  before  the 
xpected  burn  on  one  or  both  of  the  sites  selected  for  gathering 
veather  data.  The  station  can  be  a  standard  National  Weather 
Jervice  instrument  shelter  with  louvered  sides,  slatted  bottom, 
nd  tixed  or  removable  legs  (Fisher  and  Hardy  1976).  Instru- 
nents  normally  included  are  a  battery-operated  or  hand  fan 
)sychrometer  for  accurately  determining  relative  humidity,  a 
lygrothermograph  to  give  continuous  temperature  and  humid- 
ty  records,  and  a  scale  for  weighing  fuel  sticks.  Fuel  sticks 
ihould  be  located  near  the  other  instruments,  over  a  litter  bed  in 
ull  sun.  Other  fuel  sticks  can  be  located  within  the  brush 
itand.  A  rain  gauge  can  also  be  installed  in  a  nearby  exposed 
;pot  if  rain  might  possibly  create  a  problem.  With  this  equip- 
Tient,  windspeed  must  be  determined  with  a  hand-held  wind 
neter,  and  direction  with  a  compass.  Mechanical  weather  sta- 
ions  are  available  that  record  windspeed  and  direction,  plus 
emperature  and  humidity,  at  a  cost  of  at  least  $3000.  Belt 
iveather  kits  and  portable  fuel  stick  balances  can  also  be  used. 
Equipment  cost  will  be  lower,  but  less  data  will  be  collected. 

The  pattern  of  diurnal  wind  direction  and  speed  variation 
should  be  observed  at  the  burn  site  well  in  advance  of  the  burn, 
and  should  be  considered  when  selecting  the  ignition  plan.  One 
main  value  in  National  Weather  Service  forecasts  is  the  ad- 
vance warning  about  changes  in  synoptic  weather  that  would 
disrupt  the  prevailing  winds,  and  cause  problems  during  the 
burn. 

Optimum  and  Hazardous  Weather 

When  temperatures  aloft  decrease  with  increase  in  elevation 
at  about  3.5°  F/1000  ft  (2°  C/305  m),  the  air  is  considered  stable 
and  good  for  prescribed  burning.  If  the  temperature  decrease 
with  increased  altitude  is  5.4°  to  5.5°  F/1000  ft  (3°  C/305  m), 
the  air  is  definitely  unstable  (Davis  1969)  and  hazardous  for 
burning.  A  period  of  high  pressure  1  or  2  days  after  the  passage 
of  a  low  pressure  system  is  often  a  good  time  to  burn.  As  the 
high  pressure  system  moves  into  the  area,  air  tends  to  become 
stable  and  the  daytime  upcanyon,  nighttime  downcanyon 
weather  prevails. 

Hazardous  weather  for  prescribed  burning  occurs  when 
weather  fronts  with  their  unstable  air  are  approaching,  when 
scattered  thunderstorms  are  expected,  and  when  temperatures 
above  90°  F  (32°  C)  and  humidities  below  25  percent  coincide 
with  winds  in  excess  of  10  mi/h  (16  knVh).  When  cold  fronts 
approach,  clouds  and  strong  erratic  gusty  winds  from  any  di- 
rection may  be  expected.  Updrafts,  downdrafts,  and  surface 
gusty  winds  occur  during  thunderstorm  development  and  dis- 
sipation (Schroeder  and  Buck  1970).  When  successive  days  of 
high  temperatures  and  low  humidities  occur,  the  hazard  be- 
comes greater  with  each  day. 


Fire  Danger  Rating 


The  National  Fire  Danger  Rating  System  (NFDRS)  is  de- 
signed to  give  an  indication  of  ignition  hazard,  tendency  for  fire 
spread,  and  potential  for  fire  intensity  (Deeming  and  others 
1977).  Fuel  and  weather  elements  are  measured  at  the  time  of 
day  when  fire  danger  is  normally  highest,  at  key  fire  danger 
rating  locations  which  represent  areas  of  10,000  acres  (4050 
ha)  or  more.  Fire  danger  rating  is  used  by  forest  managers  as  a 
guide  to  fire  occurrence  and  manpower  needs,  to  warn  the  pub- 
lic of  fire  danger,  to  issue  or  lift  forest  closures,  and  for  other 
fire  prevention  measures.  Because  NFDRS  predictions  have 
application  to  broad  geographic  areas  rather  than  to  a  specific 
prescribed  burn  location,  and  because  they  estimate  "worst 
case"  fire  potential,  the  NFDRS  has  not  been  directly  useful 
for  prescribed  burning.  However,  methods  of  interpreting  the 
danger  rating  system  for  application  to  prescribed  burning  are 
being  developed. 

Fire  danger  rating  and  fire  behavior  programs  have  been 
written  for  the  programmable,  hand-held  TI-59  calculator; 
these  programs  make  the  calculator  useful  for  estimating  the 
probable  spread  rate  and  flame  lengths  if  a  fire  burns  as  a  line 
fire  and  reaches  a  steady  burning  state.  Fuels,  weather,  and 
slope  information  from  a  prescribed  burn  site  can  be  entered 
into  the  calculator  and  outputs  calculated  (Burgan  1979,  Cohen 
and  Burgan  1979).  Graphic  procedures  (nomograms)  are  also 
available  (Albini  1976)  to  help  estimate  these  fire  characteris- 
tics. 
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Prescribed  burning  is  frequently  suggested  for  reducing  conflagration  costs  in  chaparral.  Prepara- 
tion for  a  prescribed  burn  includes  environmental  impact  reports,  approval  by  higher  levels  of 
authority,  and  a  burn  plan.  After  objectives  are  stated,  the  prescription  can  be  written.  Elements  of 
the  burn  prescription  reflect  fuel,  weather,  and  other  factors  that  determine  fire  behavior.  Proportion 
of  dead  fuel,  quantity  of  available  fuel,  live  fuel  moisture,  topographic  features,  and  chemical 
content  can  ail  be  considered  prior  to  the  burn  date.  Then  the  desired  ranges  of  dead  fuel  moisture, 
relative  humidity,  windspeed  and  direction,  air  temperature,  and  time  of  day  can  be  selected. 
Perimeter  firing  is  commonly  employed,  after  weather  forecasts  and  locally  collected  weather  data 
indicate  prescription  elements  are  acceptable  and  smoke  management  is  not  a  problem.  An  impor- 
tant final  step  is  burn  evaluation. 
Retrieval  Terms:  prescribed  burning,  brushland  burning,  chaparral,  fuel  moisture  content 
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I  he  Management  Sciences  Staff  (MaSS)  is  the  internal 
■^  consuhant  to  the  Forest  Service,  U.S.  Department  of 
Agriculture  in  the  management  sciences.  It  makes  studies 
and  advises  agency  management  in  decisionmaking  and 
problem  resolution.  The  interdisciplinary  staff,  established 
in  late  1962,  is  located  at  the  Pacific  Southwest  Forest  and 
Range  Experiment  Station,  Berkeley,  California. 

From  1962  through  1979,  the  Staff  conducted  41  major 
studies,  participated  in  29  large-scale  studies  led  by  other 
Forest  Service  staff  or  line  officers,  and  provided 
numerous  consultations.  More  than  100  publications  and 
staff  papers  have  resulted  from  this  effort.  Programs  of 
work  and  studies  recommended  by  the  Staff  have  been 
generally  well  received  by  Forest  Service  management, 
and  implementation  of  recommendations  was  unusually 
high. 

Now,  19  years  after  its  inception,  an  appraisal  of  the 
Management  Sciences  Staff  by  its  own  members  seems 
warranted  and  appropriate.  Such  an  effort,  however 
limited,  might  help  demonstrate  to  management  how  well 
it  utilizes  MaSS,  and  to  staff  members  their  skill  and  ex- 
pertise in  identifying  research  studies  of  potentially  high 
merit  to  the  agency. 

The  studies  analyzed  in  this  report  were  conducted  over 
the  last  14  years.  It  was  often  extremely  difficult  to  obtain 
reliable  figures  for  either  the  costs  incurred  or  the 
benefits  accrued,  particularly  for  the  earlier  studies.  A 


cost-benefit  evaluation  of  a  major  study  is  in  itself  a  ma- 
jor effort.  Staff  time  was  neither  budgeted  nor  available 
for  making  comprehensive  economic  analyses  of  past 
studies.  Economic  analyses  of  a  small  sample  of  past 
studies  seemed  more  feasible.  The  sample  size  was  ar- 
bitrarily set  at  six  to  include  the  five  highest  investment 
studies,  and  one  past  study  on  transportation — a  major 
current  MaSS  research  topic. 

To  ensure  objectivity,  such  evaluations  should  be  made 
by  third  parties  so  that  neither  the  consultant  nor  the 
client  are  tempted  to  interpret  data  with  bias.  To  this  end, 
we  asked  third  parties  to  generate  and  review  the  benefit 
data.  The  MaSS  analyst  neither  compiled  nor  determined 
the  benefits  or  losses  for  each  study.  Cost  data,  however, 
were  collected  and  evaluated  primarily  by  MaSS  analysts. 
The  cost  data  tended  to  be  more  readily  available  and 
were  less  subject  to  debate. 

No  attempt  is  made  here  to  be  exhaustive.  Each  study 
is  described  briefly  to  provide  the  background  essential  to 
understanding  the  purposes  and  consequences  of  these 
studies.  The  methodology  used  to  arrive  at  a  solution 
— data  collection,  analytical  procedures,  models  or  other 
means  to  determine  recommended  management  decisions — 
is  not  described.  Also  not  included  are  the  soc'al  factors 
which  either  hindered  or  hastened  the  acceptance  of  the 
recommendations  and  how  the  Staff  dealt  with  such  fac- 
tors. The  references  list  the  full  reports  of  these  studies. 


The  qualitative  and  quantitative  cost-benefit  data  are 
presented  only  in  summary.  The  original  quantitative 
benefit  data  remain  with  the  third-party  analysts.  We 
were  provided  with  a  first  summation  which  was  further 
condensed  for  these  reports.  We  did  not  have  the  means 
to  verify  the  summaries  against  the  original  data  sources. 
But  based  on  the  diligence  and  competence  of  the  third- 
party  analysts,  it  is  assumed  that  their  data  reflect  the  ac- 
tual situation  with  sufficient  precision.  Study  cost  data, 
however,  were  compiled  in-house  on  the  basis  of  known 
time  and  operating  costs  incurred  by  the  staff  and  direct 
collaborators,  and  estimates  of  the  time  and  other  con- 
tributions of  second-  and  third-party  participants.  The 
study  implementation  costs  were  also  compiled  by  the 
third-party  analysts  as  part  of  the  benefit  analysis. 

Our  economic  calculations  were  made  by  using  gener- 
ally accepted  standards  for  such  investment  evaluations. 
All  investments  and  benefits  have  been  discounted  at  an 
interest  rate  of  10  percent  as  specified  in  the  U.S.  Office 
of  Management  and  Budget  (OMB)  Circular  A-94  (re- 
vised). The  calculations  were  made  in  conformity  with 
generally  accepted  engineering  economics  principles  and 
reflect  as  fairly  as  possible  the  qualitative  and  quan- 
titative consequences  of  the  investment. 


SUCCESS  RATES 


The  six  analyzed  studies,  fortunately,  were  all  suc- 
cessful. Recommendations  were  totally  or  largely  ac- 
cepted and  implemented.  Furthermore,  all  of  the  studies 
in  this  report  were  highly  beneficial  in  terms  of  common- 
ly measured  investment  ratios  though  such  was  not 
necessarily  expected.  The  calculated  internal  rate  of 
return  on  investment  ranged  from  34  percent  to  184  per- 
cent for  five  of  the  six  studies  (the  evaluation  of  the  sixth 
study  was  only  qualitative).  Internal  rates  of  return  of  the 
order  of  50  percent  or  above  are  often  cited  by  econo- 
mists as  clear  evidence  of  underinvestment  (Evenson  and 
others  1979). 

These  six  studies  were  not  selected  on  the  basis  of 
predetermined  outcome.  In  fact,  two  of  them  were  ex- 
pected to  have  only  marginal  benefits.  A  breakdown  of 
the  41  major  studies  made  from  1962  to  1979  shows: 

•  Recommendations  accepted  or  fully  implemented — 
12  studies 

•  Recommendations  partially  accepted  or  partially  im- 
plemented— 7  studies 

•  Findings  used  in  other  ways  such  as  input  into  other 
studies — 7  studies 

•  Findings  not  used— I  study 

•  Ongoing— 14  studies. 
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Only  the  Fire  Overhead  Manpower  Evaluation  Scheme 
completed  in  1976,  has  never  been  operationally  appHed.  I, 
has,  however,  been  used  as  a  training  device  in  fir 
management  courses.  This  record  attests  to  the  sensitivit;* 
and  acuteness  of  management  in  isolating  significant  pro 
blems  which  should  be  assigned  to  the  Managemen 
Sciences  Staff  in  order  to  obtain  a  sufficient  rate  of  returi 
on  investments  with  high  probability.  The  Staff,  in  turn 
seems  reasonably  able  to  predict  those  assignments  whicl 
will  provide  a  fair  return  to  the  organization. 

The  success  rate  for  major  consultations  or  contribu 
tions  to  studies  by  others  is  even  more  difficult  to  docu 
ment.  A  consultant  is  called  in  for  short  periods  and  pro 
vides  specific  counsel,  but  is  not  necessarily  party  to  thfci 
total  problem  analysis  or  to  the  final  deliberations  o: 
evaluations  by  the  consultee. 

Requests  for  any  of  the  references  listed  in  this  repor 
should  be  directed  to: 


Management  Sciences  Staff 

Pacific  Southwest  Forest  and  Range  Experiment  Statior 

Forest  Service,  U.S.  Department  of  Agriculture 

P.O.  Box  245 

Berkeley,  California  94701 
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SIX  CASE  STUDIES 


Size  of  Ranger  District 

The  Size  of  Ranger  District  Study  completed  in  196J 
was  the  first  large  MaSS  study.  The  recommendationi 
from  that  study  included  the  proviso  that  before  anj 
districts  were  combined  or  split,  the  Administrative 
Management  Staff  of  the  Forest  Service  Region  concern 
ed  would  have  to  study  in  detail  the  costs  and  benefits 
resulting  from  this  particular  organizational  modifica- 
tion. Unfortunately,  the  results  of  these  regional  analyses 
were  never  centrally  compiled  and  made  available.  In 
1978,  when  the  request  was  made  for  benefit  and  cost 
data  relating  to  these  district  size  changes,  only  data  from 
1973  through  1976  were  readily  available.  The  analyses,, 
therefore,  had  to  be  extrapolated  from  data  from  this 
period.  The  extrapolation  was  made  under  reasonably 
narrow  assumptions  as  explained  in  the  analysis. 

The  unusually  high  rate  of  return  for  this  study  is  a 
reflection  of  the  considerable  savings  achieved  at  most 
districts,  with  very  small  local  investment  to  attain  these 
changes.  The  study  cost  was  modest  in  comparison  to  the 
broad  application. 


'I  The  Size  of  Ranger  District  Study  served  as  the  model 
or  a  subsequent  Size  of  Forest  Study,  conducted  in 
'970-71  by  the  Division  of  Administrative  Management, 
'"crest  Service,  U.S.  Department  of  Agriculture, 
Washington,  D.C.  The  findings  from  this  study  were  also 
uccessfully  and  beneficially  implemented. 


Solid  Waste  Management 

^  The  Solid  Waste  Management  Study  was  completed  in 
1971 .  The  recommended  decision  model  was  adopted  and 
'mplemented  in  the  Rocky  Mountain  Region  and  in  many 
Forests  in  other  Regions.  The  benefits  had  to  be  syn- 
:hesized  by  comparing  (a)  the  costs  of  solid  waste  dis- 
'posal  if  the  recommended  model  was  used,  with  (b)  the 
costs  of  alternative  solid  waste  disposal  practices  over  the 
>ame  period  because  no  such  data  were  available  at  the 
Forests.  The  study  investments  were  depreciated  over  a 
3-year  period  (1972-74). 

The  prescriptions  of  the  model  have  become  standard 
practices  in  many  Forests.  Savings  continue  to  accrue 
beyond  the  3-year  amortization  period.  Another  benefit 
excluded  from  this  evaluation  is  the  lower  equipment  in- 
vestments resulting  from  the  reduced  travel  mileage 
generated  by  this  model. 


Forest  Service  Telecommunications 

The   Service-Wide   Telecommunications   Study   was 
completed  in  1972,  and  implementation  of  recommenda- 
tions will  continue  over  the  next  several  years.  Some  of 
these  recommendations  involve  complex  technology  and 
large  investments  in  new  equipment.  The  highest  rates  of 
rreturn  are  expected  from  the  ongoing  implementations  of 
the  recommended  new  technology  for  fire  and  air  com- 
munication    systems.     Estimates     of    these     potential 
benefits,  however,  are  too  tenuous  to  be  included  in  this 
evaluation.  Therefore,  this  economic  analysis  is  based 
;  solely  on  benefits  already  obtained  against  which  the 
I  whole  cost  of  the  study  has  been  amortized.  Had  study 
costs   been   broken   into   segments   related   to   various 
benefits,  the  return  on  investment  would  have  been  much 
higher. 

Analysis  of  Computer  Support 
Systems  for  f\^ultifunctional 
Planning 

This  analysis  of  computer  systems  resulted  in  three 
relatively  independent  reports — two  completed  in  1974,  the 
third  in  1976.  The  findings  were  used  widely,  and  many  of 
the  recommendations  were  adopted.  Subsequently,  other 
task  forces  focused  on  some  problem  areas  addressed  by 


this  study.  The  impact  of  management  actions  taken  as  a 
result  of  these  analyses  was  most  significant. 

No  detailed  economic  evaluation  was  made  because  the 
known  benefits  from  management  action  cannot  be 
separated  into  those  resulting  from  this  study  or  from 
later  analyses.  The  Computer  Support  Systems  Analysis 
was  one  of  our  largest  studies  and  is,  therefore,  included 
in  this  report. 


ADVENT 

ADVENT  is  a  large  computer  software  package  and 
system.  It  permits  comparative  analyses  of  large  scale 
programs  and  budgets  and  the  generation  of  alternatives 
on  a  consistent  agency-wide  basis  at  all  organizational 
levels.  The  precursor  of  ADVENT  was  the  Eldorado  Pro- 
gram Planning  and  Budgeting  System,  which  was 
developed  during  the  mid  1960's,  but  later  shelved.  The 
need  for  a  large  scale,  yet  flexible,  program  planning  tool 
resurfaced  in  the  1970's,  resulting  in  the  development  of 
ADVENT.  National  implementation  of  ADVENT  began 
in  1975  and  was  completed  in  1980. 

ADVENT  was  modified  in  1978  to  generate  the  Forest 
and  Rangeland  Renewable  Resources  Planning  Act 
(RPA)  program  for  fiscal  year  1980.  The  Staff  provides 
user  assistance  for  ADVENT  and  made  minor  modifica- 
tions for  more  efficient  adaptations.  The  investment 
costs  to  design  and  implement  ADVENT  are  reasonably 
well  known.  The  benefits  deriving  from  its  use  are  less 
well  documented.  We  used  third  party  estimates  to  deter- 
mine benefits  accruing  to  the  user  of  ADVENT  derived 
from  program  development  and  budgeting.  Several  in- 
dependent third  party  estimates  were  available,  the  most 
conservative  of  which  was  used  in  this  analysis.  Estimates 
of  the  benefits  resulting  from  ADVENT  in  the  RPA  ap- 
plication had  to  be  obtained  from  the  users. 


Rock  Aggregates  Transport 

In  contrast  to  the  other  studies,  the  Rock  Aggregates 
Transport  analysis  deals  with  a  relatively  modest  MaSS 
effort.  This  study  is  included  because  it  is  typical  of  a 
series  of  low  investment  studies  which  led  Staff  members 
to  explore  land  transportation  problems.  The  largest 
ongoing  MaSS  study  is  now  devoted  to  such  problems. 

The  study,  completed  in  1976,  was  designed  for  ap- 
plication on  up  to  20  National  Forests  with  the  most 
severe  road  maintenance  problems.  The  only  reliable 
benefit  data  obtainable  came  from  a  single  National 
Forest.  The  benefits  reported  from  that  single  application 
served  to  amortize  the  total  cost  of  the  study  and  to 
calculate  the  rates  of  return.  For  any  additional  applica- 
tions, the  marginal  cost  will  be  considerably  lower  than 
for  the  one  forest. 


SIZE  OF  RANGER  DISTRICT 


Benefit-Cost  Analysis 

The  Size  of  Ranger  District  Study  was  conducted  in 
1967-1968  for  the  Forest  Service's  Division  of  Ad- 
ministrative Management.  The  Management  Sciences 
Staff  was  augmented  by  one  senior  National  Forest 
System  (NFS)  line  officer  who  headed  the  team  and  one 
midlevel  NFS  staff  officer.  MaSS  assumed  technical 
responsibility  for  developing  the  study  procedures  and 
methodology  and  for  data  analysis  and  evaluation. 

The  study  was  requested  by  the  Chief  of  the  Forest  Ser- 
vice because  of  uncertainty  about  the  structure  of  ranger 
districts  and  its  ability  to  respond  to  future  program  and 
budget  changes.  Two  opposing  theories  predominated 
within  the  agency  hierarchy.  The  Chief  and  other  senior 
officers  envisioned  small,  intimate  districts  as  having  the 
highest  level  of  operating  efficiency.  Adherents  of  the  op- 
posing viewpoint  suggested  that  districts  needed  to  be 
enlarged  to  effectively  accommodate  new  programs  and 
directions.  The  Deckard  Committee^  had  recommended 
in  1966  the  need  to  review  the  then  existing  policy  of 
district  size. 

The  specific  objectives  of  the  MaSS  study  were: 

•  Determine  whether  a  relationship  exists  between  the 

size  and  effectiveness  of  a  ranger  district 

•  Develop    criteria  to  determine  the  acceptable  range 

in  the  size  of  districts  to  carry  out  Forest  Service 
program  objectives  effectively  and  economically 

•  Establish  procedures  to  evaluate  each  district  or 

combination  of  districts  for  desirability  of  size 
change. 

A  size-effectiveness  relationship  was  established  and 
the  second  and  third  objectives  were  satisfied  by  the 
study.  The  study  recommendations  on  size  and  staffing 
of  ranger  districts  contradicted  existing  size  policy.  The 
recommendations  were  supported  by  eight  of  the  nine 
Regional  Foresters  and  were  finally  accepted  by  the 
Chief.  Implementation  of  the  recommendations  began  in 
1968. 

The  report  recommended  relatively  rigorous  guidelines 
for  selecting  and  ranking  districts  to  be  examined  for 
potential  consolidation  and  future  reapportionment.  No 
district  consolidation  was  authorized  until  the  Regional 
Office  provided  a  detailed  analysis  of  the  social  and 
economic  consequences  stemming  from  the  proposal. 


When  negative  consequences  outweighed  the  gains,  th( 
proposal  was  discarded  by  the  Regional  or  Washingtor 
Office. 


Benefits 

Recommendations    were    made    and    implemented 
which  produced  improvements  in  the  following  areas: 
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Resource    management — By    consolidating    th 
smaller  districts,  a  wider  range  of  skills  were  madi 
affordable    and    available    to    the    restructureq 
districts. 

Service  to  the  public — The  higher  skill  level  resultec 
in  more  complete  and  authoritative  service  to  thi 
public.  In  some  instances,  consolidation  made  th^ 
nearest  district  office  less  accessible  to  the  public 
offsetting  to  some  degree  the  skill  benefits 
although  such  effects  were  negligible  overall. 

Organizational  management — The  availability  o 
skilled  staff  assistance  facilitated  significantly  th< 
ability  of  District  Rangers  to  manage  theii 
organizational  units.  The  suggested  upper  limit  ir 
district  growth  safeguarded  districts  from  becom 
ing  too  unwieldy  for  effective  management. 


Economic  Benefits 

Projections 

Operating  costs  were  predicted  to  be  modified  bj 
salaries  due  to  shifts  in  the  number  and  grades  o 
employees,  travel  due  to  transfer  of  some  headquarte 
locations,  and  rents  and  utilities  at  headquarters. 

The  study  estimated  that  455  of  the  then  existing  822 
districts  could  be  combined,  resulting  in  a  probable  an 
nual  savings  exceeding  $2,000  (1968  dollars)  for  each 
combination.  Of  these  potential  455  combinations,  153 
were  predicted  to  yield  probable  annual  savings  exceeding 
$10,000.  These  153  districts  were  thus  assumed  to  be  the 
most  likely  candidates  for  consolidation  on  economic 
grounds. 

Results 

As  a  result  of  implementing  the  proposed  district-size 
policy,  161  districts  were  eliminated  between  the  years 
1967  and  1978.  Those  consolidations  which  were  opera 
tionally  and  politically  easiest  to  achieve  and  which  wen 
expected  to  yield  the  highest  economic  return  were] 
naturally  given  priority. 

Each  district  consolidation  was  preceded  by  a  regiona 
cost-benefit  analysis.  These  data  had  to  be  submitted  tol 
the  Chief's  Office.  This  cost-benefit  evaluation  of  the 
Size  of  Ranger  District  Study  used  these  regional  data  as 
compiled  by  the  Forest  Service's  Washington  Office.  Un 
fortunately,  documented  costs  and  savings  data  for  con- 
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solidations  before  1973  were  no  longer  readily  available 
in  1979  when  this  analysis  was  made.  The  available  data 
related  to  only  22  district  consolidations  in  six  Forest  Ser- 
vice Regions  (Northern,  Southwestern,  Intermountain, 
Pacific  Southwest,  Southern,  Eastern)  during  the  period 
1973  to  1976.  In  two  cases,  three  districts  were  con- 
solidated into  one. 

The  Oconee  National  Forest  provided  a  consolidation 
analysis  with  a  once-only  cost  figure,  but  no  savings  data. 
Therefore,  no  savings  were  assumed  for  this  consolida- 
tion. The  analyses  of  six  other  consolidations  showed 
neither  marked  cost  nor  benefit  figures. 

Three  of  these  22  analyses  identified  major  once-only 
setup  costs  for  moving  or  other  adjustments,  averaging 
$10,000  per  consolidation. 

Organizational  consolidations  without  some  once-only 
costs  are  highly  unlikely,  even  if  the  consolidations  took 
place  within  the  same  building.  For  most  of  the  districts 
where  a  separate  once-only  cost  is  not  shown,  the  in- 
dicated savings  probably  are  the  first  year  net  savings. 
The  breakdown  of  available  data  does  not,  however, 
allow  this  assumption  to  be  tested.  The  more  restrictive 
assumption  must  therefore  be  made  that  all  consolida- 
tions incurred  an  average  once-only  cost  of  $10,000. 

Annual  savings  reported  for  15  district  consolidations 
ranged  from  53,677,  at  the  Uinta  National  Forest,  to 
$84,000,  for  a  three-district  consolidation  at  the  Apache- 
Sitgreaves  National  Forest.  The  combined  annual  savings 
for  these  15  districts  is  $324,820  or  $21,655  per  year  per 
consolidation.  The  first  year  average  net  gain  for  these  15 
districts  was  $11,665  ($21,665  annual  savings  less  $10,000 
setup  costs). 

The  seven  remaining  consolidation  reports  failed  to 
reflect  substantial  cost  or  benefit  data;  however, 
qualitative  benefits  are  assumed  to  be  derived  from  these 
consolidations. 

Because  of  lack  of  data,  we  must  make  the  cautious 
assumption  that  this  ratio  of  economic  versus  only 
qualitative  returns  also  pertains  to  those  consolidations 
which  occurred  before  1973.  The  total  161  district  con- 
solidations since  1968  consequently  consist  of  51  con- 
solidations without  economic  return.  Therefore,  the 
economic  gains  are  calculated  only  for  1 10  consolidations. 

These  161  consolidations  occurred  at  an  accelerated 
rate  from  1967  to  1971,  then  declined  to  the  present; 
however,  no  data  were  provided  on  consolidations  occur- 
ring after  1976.  We  presumed,  therefore,  that  few,  if  any, 
consolidations  have  occurred  since  then.  Nor  is  a 
distribution  available  for  the  implementations  during  the 
1967  to  1976  period.  To  calculate  the  benefits,  1971  is 
assumed  to  be  the  weighted  mean  implementation  year. 
(This  assumption  is,  at  most,  1  year  off.)  The  study 
benefits  are  amortized  over  a  highly  conservative  4-year 
period.  All  costs  and  benefits  are  calculated  at  present 
worth  for  1971.  Further  benefits  for  years  1972  to  1974 
were  discounted  at  10  percent.  Study  costs  from  1968 
were  accrued  at  10  percent  compound  interest  to  1971. 


Amortization  of  economic  net  benefits  derived  from 
consolidations  were: 

Year  1  (1971) 

110  consolidations  x  $1 1,655/consolidation    =    $1,282,050 
Year  2  (1972) 

110  consolidations  x  $21,655/consolidation   =       2,165,5(X) 

(discounted  to  1971  at  10  pet.) 
Year  3  (1973) 

110  consolidations  x  $21,655/consolidation    =       1,968,636 

(discounted  to  1971  at  10  pet.) 
Year  4  (1974) 

110  consolidations  x  $21,655/consolidation 


(discounted  to  1971  at  10  pet.) 

Total  savings  discounted  to  1971 


1,789,669 


$7,205,855 


Rounded  off    $7,206,000 


Investment  costs  of  the  Size  of  Ranger  District  Study 
were: 

Study  team  salaries  (3  MaSS,  2  regional  offices) $1 16,000 

Operating  costs  (travel,  computer) 50,000 

Steering  committee  (salaries,  travel) 22,000 

Field  contributed  time  for  interviews 10,000 

Total  $198,000 
Accrual  for  3  years  (1968  to  1971) 

at  10  pet.  compound  interest $264,000 


Appropriation  Level  Approximations 

Savings  resulting  from  the  study  or  from  not  conduc- 
ting the  study  could  also  be  assumed  to  be  returned  to  the 
U.S.  Treasury  through  lower  subsequent  appropriations, 
rather  than  be  reapportioned  to  other  activities.  In  that 
case  the  benefits  and  investments  must  also  include  the 
relevant  overhead  charges  at  the  level  where  the  benefit  or 
cost  occurs  and  at  all  superior  levels  through  which  the 
funding  is  administered.  The  appropriation  benefits  and 
investment  costs  are  calculated  to  be: 

Benefits 

District  management  level   $7,206,000 

General  Administration  and  other  management  costs 
for  Washington  Office,  Regional  Office  and  Super- 
visor's  Office   levels   (calculated   at   31    pet.    of  net 

funding) 2,234,000 

Total  $9,440,000 

Investment 

Mass  level  (approximately  42  pet.  of  total) $111,000 

General  expenses  (17.5  pet.  at  Station  level,  3  pet.  at 

Washington  Office  level)  20.5  pet.  total 23,000 

Subtotal     $134,000 

Regional  level  (approximately  58  pet.  of  total  investment)  $153,000 
General  expenses  for  Regional  Office  and  Washington 

Office  approximating  14  pet.  of  net  funding 22, (XX) 

Subtotal  $175,000 


Total 


$309,000 


The  return  on  investment  of  the  Size  of  Ranger  District 
Study  was  estimated  to  be: 

Benefit  cost  ratios 

Reallocation  basis 27.7 

Appropriation  basis  30.6 

Internal  rate  of  return  on  investment  184  pet. 

Investment  payoff  period 
Average  annual  benefits 

Reallocation  basis $1 ,8(X),000/yr. 

Appropriation  basis  $2,360,0{X)/yr. 

Payoff  period 

Reallocation  basis 1.7  months 

Appropriation  basis  1.6  months 


Study  Approach 


SOLID  WASTE  MANAGEMENT 


Benefit-Cost  Analysis 

In  1970,  the  National  Forests  hosted  more  than  172 
million  recreation  visitor-days,  and  spent  more  than  $12 
million  to  handle  the  solid  wastes  created  by  recrea- 
tionists,  about  96  percent  of  which  were  for  collection 
and  transport.  An  outcome  of  the  Environmental  Protec- 
tion Act  of  1969  was  Executive  Order  1 1507  which  called 
for  higher  solid  waste  management  standards.  The  in- 
troduction of  higher  standards  meant  disposal  at  central- 
ly located  sanitary  landfills,  which  raised  the  cost  for 
transport  as  well  as  for  disposal.  Therefore,  more  com- 
prehensive methods  to  analyze  solid  waste  systems  were 
needed  in  order  to  keep  disposal  costs  to  a  minimum.  The 
Management  Sciences  Staff  undertook  the  development 
of  methods  that  could  be  employed  by  analysts  at  the  Na- 
tional Forests.  The  development  spanned  a  2-year 
period — 1971  to  1973.  Our  goal  was  the  implementation 
of  better  plans  for  storing,  collecting,  transporting,  and 
disposing  of  refuse. 

The  rural  setting  with  its  widely  dispersed,  small- 
volume  waste-generating  points  sharply  contrasts  with 
the  urban  setting.  Refuse  is  generated  during  short 
recreation  seasons,  lasting  but  3  months  in  some  places. 
Therefore,  the  collection  schedule  changes,  often  mon- 
thly. Compacting  refuse  is  never  done  at  the  site  of 
origin.  Special  wildlife-proof  containers  are  sometimes 
used  to  keep  the  solid  waste  safe  from  wildlife.  Trucks 
periodically  transport  refuse  from  collection  to  disposal 
sites.  Collection  cycles  vary,  depending  on  the  attraction 
of  the  refuse  to  animals  and  its  distraction  to  visitors.  The 
preferred  method  of  disposal  is  the  sanitary  landfill. 
None  of  the  published,  urban-oriented  methods  of 
designing  crew  routes  are  applicable  to  the  rural  situa- 
tion; therefore,  an  entirely  new  approach  was  needed. 


Other  studies  established  a  direct  relationship  betwee 
the  amount  of  waste  and  the  number  of  visitors  for  an 
geographical  location.  These  findings  permitted  th 
Forest  Service  to  estimate  the  amount  of  waste  based  o 
the  number  of  visitors.  The  amounts  of  time  required  fo 
collection  were  obtained  from  field  studies,  and  depend 
ed  on  the  truck  size  and  number  of  crew  members.  Th 
number  of  containers  needed  depended  on  the  frequenc, 
of  collection  as  well  as  campsite  use. 

The  most  difficult  area  was  selecting  routes.  Each 
the  many  alternatives  required  many  calculations, 
determine  crew  routes,  the  study  team  first  fixed  the  land 
fill  locations,  crew  sizes,  collection  frequency,  and  trucl 
size.  By  using  a  different  landfill  location  or  truck  o 
crew  size,  we  were  able  to  arrive  at  the  best  alternativi 
based  on  a  comparison  of  costs.  When  landfill  sites  car 
be  operated  less  than  daily,  the  bulldozer  may  be  shuttlec 
between  landfills.  We  developed  a  simple  break-evei 
analysis  that  indicated  when  the  cost  of  using  one  dozer  i: 
less  than  the  cost  of  two  bulldozers. 

Since  transport  accounts  for  the  major  cost  of  solic 
waste  systems,  the  basis  of  any  design  is  the  routing  o 
crews. 

We  developed  two  methods  of  designing  crev 
routes — a  manual  system  and  a  computer-based  systeni 
called  SOWAD  (Solid  Waste  Design),  both  widely  used 
SOWAD  was  used  on  forests  with  large  numbers  of  wast(| 
generating  points  or  large  volumes  of  recreation  use.  Al' 
forests  in  the  Rocky  Mountain  Region  and  selectee 
forests  in  the  Pacific  Southwest  and  Southern  Regions  (N 
=  20)  used  the  computer  package.  Approximately  15 
other  forests  made  partial  use  of  the  computer  packagel 
All  other  forests  used  the  recommended  manual  pro 
cedures. 

The  methods  that  we  developed  may  also  be  used  foi 
regional  systems  that  embrace  several  agencies.  Regiona 
systems  are  often  attractive  because  they  offer  economies 
of  scale. 


Benefits 

Some  adverse  consequences  would  likely  have  occurreq 
had  this  study  not  been  undertaken,  such  as  missing  thd 
implementation  deadline,  purchasing  the  wrong  equip- 
ment, or  choosing  the  wrong  landfill  location.  However, 
such  was  not  the  case.  Moreover,  we  also  know  that  the 
published  results  of  this  study  influenced  at  least  a  few- 
other  agencies  including  the  Kentucky  Department  of| 
Highways  and  the  National  Park  Service,  U.S.  Depart^ 
ment  of  Interior,  as  well  as  the  Republic  of  Ireland. 

The  Texas  National  forests  provide  an  example  of  how 
the  method  would  facilitate  better,  cheaper  operations.! 
By  making  changes  in  truck  capacities,  landfill  locations,! 
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and  collection  frequencies,  we  were  able  to  develop  11' 


different  plans.  The  least  expensive  annual  plan  cost 
$19,200,  the  most  expensive  cost  $29,400. 

Standards  set  by  Executive  Order  11507  required  a 
shift  from  local  to  centralized  disposal  sites,  with  a  conse- 
quent increase  in  transport  cost.  In  the  opinion  of  the 
program  coordinator  in  the  Forest  Service's  Washington 
Office,  the  1970  cost  of  $12  million  would  have  increased 
in  the  subsequent  years  by  about  50  percent  to  $18  million 
if  the  study  findings  had  not  been  used.  Although  exact 
figures  are  not  available,  the  actual  annual  cost  from  1971 
to  1973  is  estimated  at  close  to  $15  million.  But  we  do  not 
credit  the  study  with  the  full  savings  of  $3  million  per 
year.  Instead  we  use  a  smaller  figure  that  is  derived  in  a 
different  way. 

On  the  basis  of  contacts  with  forest  analysts,  we  con- 
cluded that  the  typical  annual  cost  of  the  worst  plan  was 
about  50  percent  more  than  the  cheapest  plan.  We  also 
concluded  that  without  access  to  our  published  manual 
and  computerized  methods  a  plan  would  have  been  design- 
ed which,  on  the  average,  would  have  cost  about  25  per- 
cent more  than  the  least  expensive  plan.  Put  another  way, 
the  study  helped  achieve  a  20  percent  reduction  in  total  an- 
nual costs  on  the  45  recreation-oriented  forests  that 
reflected  the  study's  influence  the  most  and  which  account 
for  an  estimated  two  thirds  of  the  solid  waste  expenditures. 

The  total  annual  benefits  by  this  computation  are  20 
percent  of  two  thirds  of  the  $3  million  savings,  or  $0.4 
million.  This  average  cost  reduction  is  then  multiplied  by 
the  total  years  considered. 

Implementing  the  waste  management  plan  requires  in- 
vestments in  equipment,  training  personnel,  and 
sometimes  agreements  with  local  agencies.  The  solid 
waste  disposal  program  originated  in  1971  and  was  still 
mandatory  in  1979.  Some  forests  operate  their  program 
in-house,  others  contract  it  out.  The  transfer  point 
scheme  and  routing  patterns  established  by  the  study  are 
generally  still  in  use,  but  changes  are  expected.  To 
calculate  benefits  only  the  3-year  period  (1972  to  1974)  is 
used,  when  the  scheme  was  fairly  rigidly  followed. 
Therefore,  the  total  savings  for  3  years  were  $0.4  million 
per  year,  or  $1.2  million  (not  counting  savings  in 
analytical  effort). 


Savings  in  Analytical  Effort 

An  analyst  from  the  Sierra  National  Forest  worked 
full-time  for  3  months  to  calculate  alternative  designs  for 
one-half  of  the  forest  and  indicated  that  another  3  mon- 
ths would  have  been  required  to  complete  the  designs  for 
the  other  half.  Fortunately,  SOWAD  was  used  on  the  se- 
cond half.  The  Sierra  National  Forest  is  typical  of  the  45 
forests  that  used  SOWAD;  thus,  the  savings  in  analytical 
time  can  be  estimated  as  one-half  man-year  per  forest,  or 
22.5  man-years,  to  equal  $450,000.  This  is  a  once-only 
savings.  The  analysis  does  not  need  to  be  repeated  until 
conditions  change  significantly. 


Estimated  costs  and  related  annual  savings  over  a 
3-year  period,  from  1972  to  1974,  were: 

Costs: 

MaSS  study  team  salaries  and  expenses   $  80,000 

National  Forest  implementation  costs 270,000 

Total  cost     $350,000 

Savings: 

Operations $400,000/yr  for  3  yr 

Analysis   450,000  one  time  in  1972  only 

Total  savings     $1,650,000 


Investment  Analysis 

The  investments  were  made  primarily  during  1971-72, 
and  the  benefits  used  in  this  analysis  occurred  during 
1972-74.  All  costs  are  brought  forward  to  1974.  All 
benefits  and  costs  are  discounted  at  a  10  percent  interest 
rate  as  mandated  by  OMB  circular  A-94  (revised).  In 
1974  dollars,  the  accrued  invested  cost  was  $423,500.  In- 
vestments occurred  at  the  MaSS  and  forest  level  in  the 
ratio  of  1:2.9. 

In  1971,  MaSS  was  assessed  only  Pacific  Southwest 
Forest  and  Range  Experiment  Station  general  expenses  of 
16  percent,  to  which  must  be  added  3  percent  Washington 
Office  administrative  costs.  Added  to  the  forest-incurred 
cost  is  31  percent  to  arrive  at  joint  appropriation  level 
costs  of  $541,600. 

The  benefits  were  composed  of  the  once-only  savings 
in  1972  of  $450,000,  and  $400,000/year  for  the  period 
1972  to  1974.  When  these  savings  are  compounded  and 
accrued,  their  1974  present  value  is  $1.87  million. 

Since  these  benefits  occurred  entirely  at  the  forest  level, 
31  percent  administrative  costs  for  Washington,  regional, 
and  forest  supervisors'  offices  must  be  added  to  arrive  at 
the  appropriation  level  savings  of  $2.5  million. 

Return  on  investment  calculations  for  the  Solid  Waste 
Management  Study  are: 

Benefit  cost  ratios: 

Reallocation  basis 4.4 

Appropriation  basis   4.6 

Internal  rate  of  return  on  investment   34  pet. 

Investment  payoff  period: 
Average  annual  benefits: 

Reallocation  basis 5623,000 

Appropriation  basis   $833,000 

Investment: 

Reallocation  basis $423,500 

Appropriation  basis   $541 ,600 

Payoff  period: 

Reallocation  basis 8  months 

Appropriation  basis   8  months 
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FOREST  SERVICE 
TELECOMMUNICATIONS 


Benefit-Cost  Analysis 

The  Forest  Service  Telecommunications  Study  was 
begun  in  March  1970  and  completed  in  November  1972. 
At  the  time  of  the  study  the  Forest  Service  operated 
22,000  pieces  of  radio  communications  equipment  with 
an  annual  budget  requirement  of  $6.3  million  (not  fully 
funded).  An  accumulation  of  problem  areas  necessitated 
new  tools  and  recommendations  for  Forest  Service 
telecommunications  management,  and  new  solutions  to 
critical  large-fire  communication  problems.  The  study 
recommendations  and  design  specifications  were  ac- 
cepted for  implementation,  subject  to  funding  priorities 
in  1973.  As  of  January  1979,  nearly  all  recommendations 
had  been  or  were  being  implemented. 

The  study  required  about  9  work-years  of  professional 
effort,  2  work-years  of  technician  effort  and  1  work-year 
of  clerical  effort. 


Qualitative  Benefits 

Telecommunications  Management 

The  impact  of  this  study  and  its  implementation  on 
telecommunications  management  was  dramatic.  Before 
study  im.plementation,  budgets  were  inadequate,  equip- 
ment was  obsolescent,  and  planning  was  inadequate.  This 
situation  has  changed.  The  new  replacement  policy  has 
enabled  regions  to  put  budgeting  on  a  firm  basis,  to  in- 
tegrate planning  with  established  replacement  cycles,  and 
to  satisfy  communication  requirements  with  the  acquisi- 
tion of  new  technology.  Obsolescence  costs  have  been 
greatly  reduced  or  eliminated. 

Large  Fire  Telecommunication 

Based  on  experience  up  to  this  time,  the  critical  large- 
fire  communication  problems  have  been  resolved.  The 
fire  cache  and  air  communications  systems  designed  on 
the  basis  of  this  study  have  proven  adequate  to  all 
demands,  including  the  1977  Hog  fire  in  the  Pacific 
Southwest  Region  involving  five  simultaneous  major 
fires  on  two  adjoining  drainages. 

Telecommunications  Frequency  Management 

The  replacement  of  obsolescent  radio  equipment 
allows  greater  flexibility  in  the  use  of  the  assigned  elec- 
tromagnetic frequencies. 

Safety 

The  ability  to  communicate  reliably  and  directly  bet- 
ween the  concerned  parties  improved  greatly  the  safety  of 
Forest  Service  firefighters  and  field  workers. 


Service  to  Public  and  Other  Agencies 

Study  findings  serve  as  a  basis  for  negotiating  with 
other  agencies.  The  California  Department  of  Forestry 
has  joined  the  Forest  Service's  Pacific  Southwest  Region 
in  the  implementation  of  the  new  air  operations  telecom- 
munications design. 


Economic  Consequences 

Obsolescence 

The  major  economic  benefit  from  the  study  is  due  to  the 
implementation  of  new  technology.  The  shortening  of  the 
replacement  cycle  from  an  average  15  years  to  11  years 
produced  annual  benefits  of  $480,000  in  1978  dollars.  The 
benefits  resulted  from  reduced  power  requirements,  new 
power  sources,  reduced  installation  costs,  increased  por- 
tability, reduced  breakdown  and  maintenance  costs,  and 
increased  range  and  capacity  of  new  telecommunications 
equipment.  New  technologies  that  are  just  now  emerg- 
ing— advances  such  as  greater  reduction  in  equipment  size, 
smart  repeaters  and  other  microprocessor  applications, 
duplexing  and  cavity  applications,  and  solar  power  and 
satellite  communications — assure  continuing  benefits  from 
future  modernizations. 

Preventive  Maintenance 

The  telecommunications  study  found  that  scheduled 
preventive  maintenance  could  be  eliminated  without 
adverse  effects  on  equipment  reliability.  The  recommend- 
ed elimination  of  periodically  scheduled  preventive 
maintenance  reduced  technician  overload  and  forestalled 
increased  staffing.  In  one  region,  the  radio  inventory  in- 
creased by  78  percent  since  1975,  while  the  maintenance 
staff  increased  by  19  percent  in  the  same  period.  Had 
preventive  maintenance  continued,  an  additional  1.5 
work  years  per  forest  would  have  been  required  to  ac- 
complish this  workload.  Service-wide  implementation  of 
recommended  replacement  and  maintenance  policies  was 
achieved  in  1976.  The  elimination  of  the  preventive 
maintenance  program  Service-wide  saved  20  technician 
work  years  per  year  at  an  annual  cost  of  $320,000  in 
1978. 

Large  Fire  and  Air  Telecommunications  Systems 

The  new  system  is  being  implemented  throughout  the 
Forest  Service  and  cooperating  agencies.  It  has  been  fully 
operational  in  the  Pacific  Northwest  and  Pacific 
Southwest  Regions  since  1978.  The  new  National  Fire 
Radio  Cache  has  also  been  operational  since  then.  As  yet 
no  estimates  of  the  economic  benefits  associated  with  the 
improved  communications  system  are  available. 

Partial  study  benefits  and  study  costs  of  the  Forest  Ser- 
vice Telecommunications  Study  were: 


Estimate  of  economic  benefits  (1978  dollars): 
Reduced   telecommunications   systems  cost   due  to 

modernization $480,000/year2 

Work  force  savings  for  the  elimination  of  scheduled 

preventive  maintenance  320,000/year-' 

Total  $800,000  per  year 

Study  costs  (1971  dollars) 

Steering  committee $  25,000 

Professional 180,000 

Technical   20,000 

Secretarial 7,000 

Travel 27,000 

Field  participation 30,000 

Total  $299,000 

Study  costs  appreciated  to  1978 $583,000 


Based  on  these  considerations,  the  return  on  invest- 
ment in  the  Forest  Service  Telecommunications  study  was 
estimated  as  follows: 

Benefit  cost  ratios: 

Reallocation  basis 7.0 

Appropriation  basis   8.1 

Internal  rate  of  return  on  investment    46.8  pel. 

Investment  payoff  period: 
Average  annual  benefits  (1979  dollars): 

Reallocation  basis $0.9  million 

Appropriation  basis   $1.2  million 

Payoff  period  (1979  dollars): 

Reallocation  basis 8.5  months 

Appropriation  basis   7.5  months 


Return  on  Investment 

The  return  on  investment  calculations  are  based  on  a 
5-year  life-span  of  report  recommendations.  The  5-year 
period  extends  from  1976  (when  the  two  recommenda- 
tions of  accelerated  replacement  and  estimation  of 
scheduled  preventive  maintenance  were  implemented)  to 
1980.  All  costs  and  benefits  are  accrued  or  discounted  to 
1979.  The  discount  interest  rate  used  is  the  prescribed  10 
percent.  The  1971  study  cost  of  $299,000  has  an  ap- 
preciated 1979  value  of  $641,000. 

The  monetary  benefits  over  the  5-year  period, 
1976-1980,  adjusted  for  1979  present  value  amount  to 
$4.48  million.  This  figure  excludes  the  direct  benefits 
from  improved  air  and  large  fire  communications. 

The  return  on  investment  calculations  follow  two  ap- 
proaches. One  approach  is  based  on  the  reallocation  of 
funds  (saved  funds  are  used  on  other  projects)  and  the 
second  approach  is  based  on  reduced  appropriations.  In 
the  second  approach,  the  direct  costs  and  benefits  are 
augmented  by  general  overhead  expenditures.  In  the  pre- 
sent case,  the  direct  benefits  from  telecommunications 
accrue  at  the  field  level  and  approximately  24  percent  of 
appropriations  are  expended  at  higher  administrative 
levels  as  overhead.  The  total  field  savings  of  $4.48  million 
is  therefore  augmented  to  $5.90  million  to  reflect  savings 
of  overhead  expenditures.  Investment  costs  had  asso- 
ciated overhead  expenditures  of  19  percent  of  direct  costs 
for  expenditures  incurred  by  the  Management  Sciences 
Staff  and  3  percent  for  direct  costs  associated  with  other 
study  participants.  The  study  cost  at  the  appropriation 
level  is  thus  $339,000  in  1971  dollars  and  $727,000  when 
appreciated  to  1979. 


Based  on  differences  in  prorated  purchase  and  installation  costs, 
costs  of  maintenance  and  cost  of  operations. 

Economic  benefits  associated  with  the  resolution  of  the  critical  fire 
communication  situation  have  not  been  evaluated  but  are  at  least  equal 
to  this  total. 


COMPUTER  SUPPORT  SYSTEMS  FOR 
MULTIFUNCTIONAL  PLANNING 

Benefit-Cost  Analysis 

The  analysis  of  Computer  Support  Systems  for 
Multifunctional  Planning  was  begun  in  April  1973.  The 
study  consisted  of  three  phases,  each  analyzing  a  specific 
area  of  support  systems.  Phase  one,  completed  in 
January  1974,  concerned  resource  planning  systems; 
phase  two,  completed  in  July  1974,  included  additional 
resource  planning  systems  and  transportation  planning 
systems;  phase  three,  completed  in  June  1976,  concerned 
resource  information  systems  and  mapping  systems.  The 
study  objectives  were  to  review  the  status  and  areas  of  ap- 
plicability of  multifunctional  planning  systems  in  use  or 
under  development,  and  to  analyze  the  utility  and 
organizational  support  requirement  of  each  system. 

The  study  required  6  work  years  of  professional  effort 
and  about  1  work-year  of  combined  managerial,  clerical 
and  technical  effort. 

Qualitative  Benefits 

Improved  Systems  Management 

This  study  identified  and  analyzed  the  performance 
characteristics  of  35  computer  systems  and  subsystems,  in 
relation  to  user  needs,  and  provided  operational  cost 
comparisons  for  selected  mapping  systems  based  on  bench- 
mark data.  It  also  identified  systems  which  were  not 
viable  under  the  conditions  of  use  prevailing  at  the  time 
of  the  study  and  provided  recommendations  for  further 
developments  and  improvements  in  the  area  of  multi- 
functional planning  systems. 

Direct  Service  to  the  Public 

Requests  for  the  report  were  received  from  numerous 
universities  and  libraries;  Federal,  State  and  private  land 


and  water  management  agencies  in  the  United  States  and 
Canada;  as  well  as  from  private  companies  and  in- 
dividuals. We  also  received  requests  to  use  the  report  for 
teaching. 


Economic  Consequences 

Prior  to  the  study,  duplicate  or  inappropriate  systems 
development  constituted  a  severe  drain  on  Forest  Service 
resources.  The  study  identified  areas  of  overlapping 
developments  and  the  degree  of  perceived  utility  derived 
from  systems  in  several  areas  of  user  applications.  The 
study  was  thus  instrumental  in  redirecting  system 
development  efforts  to  areas  with  high  utility. 

At  present,  the  development  of  low  utility  and 
duplicate  systems  has  nearly  ceased  and  recommended 
improvements  have  been  implemented.  Not  all  of  the 
benefits,  however,  are  derived  from  this  study.  Although 
the  computer  support  systems  study  developed  early,  a 
number  of  administrative  actions  occurred  simultaneous- 
ly with  the  release  of  the  study.  Specific  economic 
benefits  cannot  be  attributed,  therefore,  without  a  detail- 
ed analysis.  The  overall  benefits  of  all  of  these  studies 
and  administrative  actions  were: 

•  Terminating  inefficient  systems  and  system 
developments,  with  an  estimated  benefit  of  about  $2 
million  over  a  3-year  period 

•  Improving  systems  and  systems  utilization  with  an 
estimated  benefit  of  $0.5  million  over  a  3-year  period 

Long-term  benefits  cannot  be  estimated.  Indications 
are  that  they  will  be  significant. 

The  cost  of  the  study  was  $170,000. 


ADVENT 


Benefit-Cost  Analysis 

ADVENT  permits  multiyear,  variable  input-output 
analyses  at  the  forest,  regional,  area,  station  and  national 
levels.  The  major  software  components  include  an  update 
program,  matrix  generator,  and  report  writer.  The  alter- 
native generation  logic  is  based  on  linear  programming. 
ADVENT  is  now  being  used  for  program  development 
and  budgeting  at  the  forest,  regional,  and  national  levels 
and  the  RPA  process.  Additional  applications  are  being 
developed  in  transportation  and  land-use  planning,  R&D 
project  selection,  and  road  maintenance  budgeting. 
Among  all  analytical  systems  in  Forest  Service  use  in 
1979,  ADVENT  appears  to  involve  the  most  users,  and  to 
have  had  a  most  significant  service-wide  impact. 


Benefits 

Program  Development  and  Budgeting  (PD&B)  ' 

The  first  use  of  ADVENT  for  program  development' 
and  budgeting  was  in  fiscal  year  1976  for  the  Eldorado 
National  Forest.  The  next  such  application  was  in  the 
same  fiscal  year  for  the  Trinity  National  Forest  but  for 
sample  data  only.  Region-wide  PD&B  analyses  in  the' 
Forest  Service  were  first  performed  during  1977  for  the 
Pacific  Northwest  Region  and  in  fiscal  year  1979  for  the 
Pacific  Southwest  Region. 

Application  of  ADVENT  to  program  development  and" 
budgeting  rose  dramatically  in  fiscal  year  1980.  Users  in- 
clude the  Forest  Service's  Program  Development  and 
Budget  Staff,  in  Washington,  D.C.;  all  nine  regional  of- 
fices; and  54  National  Forests  in  the  Northern,  Rockyl 
Mountain,  Intermountain,  and  Pacific  Southwestj 
Regions.  An  estimated  109  National  Forests,  with  largel 
budgets  and  a  great  mix  of  land  resources,  are  expected  to 
use  ADVENT  for  fiscal  year  1982. 

Intangible  Benefits 

ADVENT  is  sufficiently  standardized  in  terms  of  for- 
mats, software,  reporting  schemes,  to  allow  completion 
of  the  planning  without  interruption  because  of  constant- 
ly changing  systems  structure.  But  ADVENT  is  suffi- 
ciently flexible  to  allow  for  special  program  manipula- 
tions. It  can  also  function  independently  of  definitions, 
allowing  such  definitions  to  be  changed  when  necessary. 


Tangible  Savings 

DeClark  and  Monteith  (1977)  estimated  the  first-year 
installation  and  operations  costs  of  ADVENT  at  $40,000 
per  National  forest,  and  in  subsequent  years,  $34,000. 
And — depending  on  the  size  of  the  forest — they 
estimated  the  costs  of  program  development  and 
budgeting  for  a  National  Forest  not  using  ADVENT  at 
between  $50,000  and  $80,000.  The  weighted  average  cost 
per  forest  is  estimated  at  $60,000.  Another  source 
estimated  that  the  cost  of  applying  ADVENT  to  a  Na- 
tional Forest  averages  $20,000,  and  that  the  cost  of  pro- ; 
ducing  reasonably  comprehensive  program  alternatives 
without  ADVENT  would  average  $75,000."^ 

If  the  more  conservative  figures  from  the  study  by 
DeClark  and  Monteith  (1977)  are  used,  the  forest-level 
savings  for  the  54  forests  using  ADVENT  in  1978  for  pro- 
gram development  and  budget  planning  for  Fiscal  Year 
1980  were: 

54  forests  x  ($60,000  -  $40,000)  =  $1,080,000 

Cost  savings  at  the  regional  and  national  levels  for  the 
first  year  of  use  are  not  available.  Line  and  staff  esti- 


Personal  communication  from  William  G.  Edwards,  Program 
Development  and  Budget  Staff,  Forest  Service,  U.S.  Department  of 
Agriculture,  Washington,  D.C.,  June,  1978. 
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mates  at  these  levels  indicate  that  savings  exceeded  costs 
by  a  fair  margin. 

Three  assumptions  are  made  regarding  the  calculation 
of  future  benefits: 

•  ADVENT  operating  costs  for  the  third  and  subse- 
quent years  do  not  exceed  the  estimated  second  year 
operating  cost,  and  in  all  probability  will  be  lower. 

•  The  number  of  forests  using  ADVENT  for  program 
development  and  budget  preparation  will  increase  to 
a  total  of  80  for  fiscal  year  1981  and  to  109  for  fiscal 
year  1982,  as  planned. 

•  The  life-cycle  for  a  system  like  ADVENT  is  5  years. 
Use  of  the  ADVENT  software  for  program  develop- 
ment and  budget  planning  will  most  likely  extend 
beyond  the  5-year  range,  but  modifications  and  ap- 
plications suggest  a  conservative  time  bound. 

Estimated  tangible  5-year  life-cycle  procedural  savings 
from  ADVENT  for  program  development  and  budget 
applications  are: 


Forest  level: 

Year  1 

Year  2 

54  forests  x  ($60,000  -  $34,000) 
26  forests  x  ($60,000  -  $40,000) 

Years  3  to  5 

3  years  x  80  forests  x  $26,000/year 
2  years  x  29  forests  x  $26,000/year 
1  year  x  29  forests  x  $20,000/year 

Total 

Regional  level:? 

5  years  x  8  regions  x  $30,000/ year 
/region 

National  level:? 

5  years  x  $40,000/year 

Total 


Discounted 
to  1978 
$  1,080,000    $1,080,000 


1,924,000      1,749,000 


8,328,000   5,274,000 
$11,332,000  $8,103,000 


$  1,200,000    992,000 


200,000    165,000 
$  1,400,000  $1,157,000 


Planners  are  beginning  to  use  ADVENT  to  identify  an 
optimal  program  from  all  the  feasible  projects  at  the 
forest  level,  and  from  alternative  program  packages  at 
the  regional  and  national  level.  An  optimum  program  is 
defined  as  one  which  provides  maximum  resource  out- 
puts for  a  given  budget,  or  a  minimum  budget  for  a  given 
set  of  outputs. 

Only  the  theoretical  calculations  have  been  made  so  far 
of  the  potentials  of  this  growing  use  of  ADVENT.  They 
indicate  an  upper  limit  of  possible  future  savings.  Pro- 
grams that  are  operationally  and  socially  feasible  have  to 
be  "suboptimal."  Realistic  savings  will  therefore  be 
substantially  less  than  the  theoretical  optimal  savings. 


Data  on  procedural  savings  at  the  regional  and  national  levels  are 
not  currently  available.  Estimated  savings,  however,  are  at  least  $30,000 
per  year  per  region  and  $40,000  per  year  at  the  national  level,  based  on 
the  estimated  savings  of  $26,000  per  year  per  forest. 


Resources  Planning  Act  (RPA) 

The  first  program  required  by  the  Forest  and  Rangeland 
Renewable  Resources  Planning  Act  was  developed,  in 
1975,  without  ADVENT.  Consequently,  the  economic  and 
alternative  analyses  were  not  as  coni'^lete  as  they  might 
have  been.  The  second  program  required  by  the  Act,  an- 
nounced in  1980,  was  developed  with  the  aid  of  ADVENT. 
No  other  computer  system  was  available  or  could  have 
been  developed  for  operational  use  by  early  1978  when  the 
planning  process  for  the  1980  program  was  begun.  The 
Forest  Service's  Program  and  Assessment  Staff  has  in- 
dicated that  without  ADVENT,  the  agency  could  not 
have   met  the  requirements  for  the  1980  program. 

MaSS  specifically  modified  ADVENT  for  use  in 
developing  the  RPA  program,  allowing  the  Resources 
Program  and  Assessment  Staff  to  make  multi-objective 
analyses  at  the  regional  and  national  scales.  ADVENT 
contributed  substantially  to  the  1980  program  by  pro- 
viding the  technical  capability  to  analyze,  evaluate,  and 
display  alternative  programs  and  their  effects  on  the  na- 
tion's renewable  resources. 

The  Resources  Program  and  Assessment  Staff  has 
estimated  that  without  ADVENT  a  team  of  30  people 
working  5  months  (twice  the  1975  team's  effort)  would 
have  been  needed  to  produce  a  potentially  acceptable 
1980  program  without  ADVENT.  With  ADVENT,  only 
six  analysts  were  required  for  approximately  the  same 
period.  An  additional  $40,000  was  spent  on  computer 
costs,  but  resulted  in  a  far  more  precise,  comprehensive, 
and  reliable  program.  Thus,  average  savings  for  the 
5-month  period  were 

24  analysts  (average  GS- 13  salary)  for  5  months $310,000 

Computer  costs .  .  -40,000 

Net  savings  at  the  national  level   $270,000 

Savings  at  the  regional  level  are  not  available  but  can 
be  expected  to  approximate  the  national  level,  or 
$250,000  net. 

Development  and  Implementation 
Costs 

The  development  cost  for  ADVENT  is  calculated  to 
have  been  approximately  $650,000  to  $750,000.  This  in- 
cludes contributions  by  all  persons  directly  working  on 
the  development.  Contributions  by  user  participants, 
such  as  for  implementation  trials,  are  estimated  to  be  ap- 
proximately 1.5  times  the  direct  cost.  The  total  develop- 
ment and  implementation  cost,  therefore,  is  approx- 
imately $2  million;  accrued  to  1978  at  10  percent,  it  is 
$2,420,000. 

Direct  procedural  savings  from  the  assumed  5-year  life 
of  the  ADVENT  system  are  shown  below.  The  costs  of 
implementing  ADVENT  for  PD&B  and  RPA  program- 
ming are  included  in  the  procedural  savings  (which  have  a 
high  probability  of  achievement). 
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Basis 

Reallocation 

Program  development  and  budgeting  applications: 

Forest  level  $11,332,000         ^$8,103,000 

Regional  level  1,200,000  992,000 

National  level  200,000  165,000 

$12,732,000  $9,260,000 
1980  RPA  applications: 

National  level                $  270,000  $  270,000 

Regional  level                   250,000  250,000 


$  520,000 
Total         $13,252,000 


$  520,000 
$9,780,000 


Development  Costs  (Reallocation  basis) 

$2,000,000  accrued  to  1978  at  10  percent 
Development  Costs  (Appropriation  basis) 


Appropriation 


611,916,000 


$  563,000 
$12,479,000 


$2,420,000 
$3,015,000 


Appropriation  Level  Approximations 

For  these  calculations  the  assumption  is  made  that  sav- 
ings from  the  result  of  the  study  or  from  not  conducting 
the  study  (i.e.,  study  costs)  are  returned  to  the  U.S. 
Treasury  (lowered  subsequent  appropriations)  rather 
than  reapportioned  to  other  demanding  activities. 

Benefits  accrue  at  the  national,  regional  and  forest 
levels,  but  must  be  adjusted  for  General  Administration 
and  other  management  costs  for  appropriation  level 
evaluations.  The  cumulative  adjustment  factors  for  the 
gross  funding  are  3  percent  at  the  Washington  Office 
level,  99  percent  at  the  regional  level,  and  12  percent  at 
the  forest  level;  calculated  for  net  funding,  these 
cumulative  adjustment  figures  are  3,  14,  and  31  percent, 
respectively.  The  adjusted  5-year  discounted  procedural 
savings  at  the  appropriation  level  is  $12,479,000. 

The  estimated  distribution  (percentage)  of  the  $2 
million  investment  made  in  ADVENT,  by  level,  was:  na- 
tional—10;  regional— 30;  forest— 35;  MaSS— 25.  The 
development  and  testing  of  ADVENT  reached  its  mid- 
point in  1976.  The  appropriation  adjustment  factor  for 
MaSS  for  that  year  was  44  percent.  The  $2  million  invest- 
ment when  adjusted  to  the  appropriation  level  and  ac- 
crued to  a  1978  value  is  $3,015,000.  Return  on  invest- 
ment calculations  for  ADVENT  are: 

Benefit  cost  ratio 

Reallocation  basis 4.0 

Appropriation  basis 4.1 

Internal  rate  of  return  on  investment 84.6  pet. 

Investment  payoff  period 
Average  annual  benefits 

Reallocation  basis $  1 ,956,000 

Appropriation  basis $2,496,000 

Investment 

Reallocation  basis $2,420,000 

Appropriation  basis $3,015,000 

Payoff  period 

Reallocation  basis 15  months 

Appropriation  basis 15  months 


^Discounted  to  1978  at  10  percent. 


ROCK  AGGREGATES  TRANSPORT 


Benefit-Cost  Analysis 

The  mining,  processing,  and  transport  of  rock — ; 
nonrenewable  resource — is  of  prime  concern  to  lane 
managers.  The  Forest  Service,  as  well  as  other  Federal 
state,  and  local  road-building  agencies,  is  affected.  Ai 
estimated  $200  million  annually  is  spent  on  the  Nationa 
Forests  to  produce  and  transport  mineral  rock  for  roac 
construction  and  maintenance,  and  expenditures  are  ex 
pected  to  increase  as  high-grade  sources  are  depleted.  Bu 
the  development  of  new  sources  may  create  a  conflic 
because  of  competing  land  uses.  Therefore,  a  mathemat 
ical  model  was  used  to  analyze  trade-offs  between  the  en 
vironmental  impacts  and  economic  values  of  various  pro 
posals  to  develop  aggregate  sources  for  surfacing  roads  ir 
National  Forests. 

The  transport  analysis  helped  resolve  a  conflict  over 
the  economics  of  competing  land  uses.  For  present  pur- 
poses, only  one  application — using  the  Oroville  and 
Quincy  Districts  of  the  Plumas  National  Forest  in  nor- 
thern California — serves  as  the  basis  for  estimating  the: 
benefits  of  this  study.  ' 

In  1974,  materials  engineers  warned  that  existing  ag- 
gregate supplies  in  these  two  districts  would  soon  be  ex- 
hausted, and  that  the  district  rangers  must  permit  either 
nearby  new  sources  to  be  developed  or  be  prepared  to: 
shift  to  existing,  but  distant  sources.  Both  district  rangers 
were  hesitant  about  approving  new  development.  ' 

Thus,  vital  concern  was  raised  over  the  adequacy  of 
fewer  sources,  the  cost  of  longer  hauls,  and  the  value  of. 
proposed  sources.  The  problem  is  to  match  the  sources  of' 
supply  with  the  demands  of  the  roads  in  such  a  way  as  to 
achieve  the  least  total  cost.  Total  cost  included:  develop- 
ing or  restoring  quarry  sites,  processing  the  mineral  rock, 
and  transporting  the  aggregate  to  the  roads. 

We  viewed  the  collection  of  mineral  sources  and  the 
roads  that  required  the  materials  as  a  "system."  Using  this 
notion,  we  agreed  to  generate  alternative  plans  and  com- 
pare each  with  the  least  expensive  plan.  In  this  way  we 
could  directly  measure  the  cost  of  not  developing  a  selected 
mineral  resource,  in  other  words  its  economic  worth. 

The  district  staffs  would  use  expert  opinion  to  weigh 
the  physical  magnitude  of  environmental  disturbances, 
but  they  would  use  the  model  to  weigh  the  cost  of 
avoiding  these  disturbances  by  not  developing  mineral 
sources.  They  would  also  use  the  model  for  contingency 
planning — to  determine  which  sources  to  acquire  first 
and  which  to  consider  as  substitutes  if  negotiations  for 
the  best  sources  should  become  stalled. 

Each  plan  shows  the  amount  hauled  from  each 
material  source  to  each  road  segment  during  each  time 
period.  It  also  shows  the  timing  of  the  opening  and  clos- 
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*'  ing  of  each  source.  Besides  satisfying  the  material  re- 
quirements of  each  road,  the  model  includes  a  limitation 
on  productive  capacity  of  each  material  source  for  each 
period. 

The  mathematical  formulation  of  this  problem  com- 
prises more  than  700  equations  and  almost  1 ,200  algebraic 
variables  (Kirby  and  Lowe  1975).  The  solution  uses  a  mix- 

.  ed  integer  programming  algorithm  (computer  program). 

,  Benefits 

The  initial  plan  assessed  the  cost  of  all  potential  ag- 
gregate resources.  The  costs  were  then  compared  to  the 
expense  of  alternative  plans.  The  alternative  plans  were 
higher  in  cost  because  reductions  in  production  and 
development  could  not  offset  the  high  cost  of  transport- 
ing aggregate  from  a  distant  source.  The  cost  difference 
then  is  a  direct  measure  of  the  dollar  worth  of  the  deleted 
source. 

f  We  ranked  the  mineral  sources  according  to  their  dollar 
I  worth.  The  initial  case  with  all  sources  available  required 
out-of-pocket  costs  of  over  $9  million  for  the  20-year 
period,  corresponding  to  a  net  present  worth  of  $5.17 
million  (10  percent  discount  rate).  Eliminating  the  first 
ranked  source,  the  most  worthy,  raised  the  cost  by  $1.33 
million.  Eliminating  both  the  next  two  ranked  sources  rais- 
ed the  cost  almost  as  much,  by  $1.1  million.  Since  the 
sources  are  so  valuable  the  districts  could  afford  to  spend 
rather  large  sums  to  make  them  esthetically  pleasing  and  to 
avoid  other  adverse  environmental  impacts. 

Without  this  study,  the  responsible  engineer  at  the 
Plumas  National  Forest  would  have  devised  a  less  than 
optimal  plan  because  the  required  combinations  could 
not  be  found  by  conventional  methods  of  solution.  The 
engineer  calculated  that  the  study  will  save  the  govern- 
ment $55,000  per  year  over  an  expected  20-year  utiliza- 
tion period  at  the  Plumas  National  Forest. 

It  was  estimated  that  the  model  could  be  profitably  ap- 
plied on  the  13  to  20  National  Forests  with  the  largest 
timber  workloads,  and  that  the  resulting  cost  savings 
would  total  $1  million  per  year  for  at  least  5  years,  or  ap- 
proximately $50,000  per  forest  per  year."^  Also  included  is 
a  one-time  investment  cost  of  $130,000.  According  to 
several  forest  engineers,  most  expenditures  labeled  timber 
purchaser  credits  were  allocable  to  the  manufacture  and 
placement  of  rock  aggregates  for  roads.  If  so,  this  would 
amount  to  $200  million  per  year  for  the  Forest  Service. 
Thus,  a  potential  cost  saving  of  $1  million  per  year  would 
be  very  conservative. 

Because  of  the  uncertainty  of  predictions  and  the  likeli- 
hood of  a  solution  by  others,  benefit  calculations  are  bas- 
ed on  a  5-year  life  span  of  this  methodology. 


The  district  rangers  at  the  Plumas  National  Forest  are 
utilizing  the  study  as  the  basis  for  creating  a  minerals 
management  policy  and  to  negotiate  with  private  owners 
for  the  acquisition  of  desirable  mineral  sources.  Two 
other  district  rangers  at  the  Plumas  and  Siuslaw  National 
Forests  plan  to  use  the  model  as  a  basis  for  cost-sharing 
agreements  between  agencies  where  one  agency  supplies 
material  to  another.  The  approach  is  also  applicable  to 
other  materials,  such  as  logging  slash,  that  are  trans- 
ported to  central  disposal  sites. 

Thus  far,  the  only  reliable  data  has  come  from  Plumas 
National  Forest,  with  reported  savings  of  $55,000  per 
year  (1977  dollars).  The  methodology  is  expected  to  re- 
main in  use  for  at  least  5  years.  The  identified  5-year 
benefits  (1977-1981)  adjusted  for  inflationary  increases 
and  discounted  to  1977  are  $279,000  at  the  reallocation 
level. 

To  adjust  the  benefits  to  the  appropriation  level, 
general  expenses  of  31  percent  are  added,  bringing  total 
benefits  to  $365,500. 


Investment 

The  study  team  was  composed  of  a  senior  MaSS  opera- 
tions research  analyst,  one  engineer  from  the  Plumas  Na- 
tional Forest,  and  two  engineering  analysts  from  Pacific 
Southwest  Region.  All  participants  were  part-time.  The 
design,  test,  and  implementation  was  therefore  possible 
with  small  manpower  investment.  The  costs  (1977 
dollars)  were  calculated  as  follows: 

Study  team  salaries $19,500 

Travel  and  computer ....     $  2,500 

Total  (reallocation  basis)     $22,000 

To  obtain  the  costs  at  the  appropriation  level,  general 
expenses  for  the  Forest  Service's  Washington  Office, 
regional  office,  supervisor's  office,  and  Pacific 
Southwest  Forest  and  Range  Experiment  Station  were  ad- 
ded. The  total  investment  cost  at  the  appropriation  level 
came  to  $28,200. 


Return  on  Investment 

Return  on  investment  calculations  for  the  Rock  Ag- 
gregates Transport  Analysis  are: 


Personal   communication    from   J.    Mandigo,    Engineering   Staff, 
Forest  Service,  U.S.  Department  of  Agriculture,  Washington,  D.C. 


3enefit/cost  ratio 

Reallocation  basis 

Appropriation  basis   

Internal  rate  of  return  on  investment 
Payoff  period 

Average  annual  benefits 

Reallocation  basis 

Appropriation  basis   

Payoff  period  (years) 

Reallocation  basis 

Appropriation  basis   


12.5 
13 

163  pet. 


$55,800 
$73,100 

5  months 
5  months 
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These  calculations  assume  that  the  investment  is  amor- 
tized solely  through  the  benefits  derived  at  the  Plumas 
National  Forest.  The  anticipated  wider  application  would 
naturally  increase  the  return  ratios  by  a  factor  equal  to 
the  number  of  participating  forests. 
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In  1962,  the  Management  Sciences  Staff  was  organized  in  Berkeley,  Calif.,  as  the 
internal  consultant  to  the  Forest  Service,  U.S.  Department  of  Agriculture.  From 
then  until  1979,  the  Staff  conducted  41  major  studies.  Although  the  rate  of  im- 
plementing recommendations  from  these  studies  was  high,  a  more  formal  self- 
assessment  was  considered  advisable.  The  following  six  case  studies  with  the  largest 
investment  were  analyzed:  size  of  Ranger  Districts,  solid  waste  management,  radio 
telecommunications  design  and  management,  computer  support  systems,  AD- 
VENT, and  rock  aggregates  transport.  The  results  suggest  that  all  six  studies  have 
proved  to  be  good  management  investments. 
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J 1^  A  ^Wl  I  "^  I  ^  is  a  computerized  technique  for 
^  V-^x\_L  ^  A  X  encoding  in  digital  form  the  spat- 
J  data  present  on  wildland  resource  maps  or  aerial  photo- 
raphs.  These  data  can  be  processed  further  by  a  geographic 
iformation  ("computer  mapping")  system  (Amidon  1978). 
he  basic  documents  are  sent  by  users  having  diverse  applica- 
ons  to  a  central  location  and  automatically  raster-scanned  on 
microdensitometer.  In  accordance  with  user  specifications, 
igital  data  are  summarized,  edited  or  modified,  and  returned 
n  magnetic  tape.  SCANTT  can  provide  a  partial  processing  or 
reprocessing  facility  for  scanner-based  systems  with  large 
iroughput  requirements,  such  as  the  Wildland  Resource  In- 
jrmation  System  (WRIS)  or  the  RID*POLY  Geographic  In- 
irmation  System.  These  systems  use  maps  photographically 
jduced  onto  a  negative  for  automatic  digitizing  (Russell  and 
thers  1975,  Deschene  1981).  Another  major  application,  that 
f  remote  sensing,  requires  the  acquisition  of  densities  for 
recessing  by  statistical  programs  to  discriminate  between 
egetative  types.  The  raster  scanning  service  is  similar  to 
hotofinishing  in  that  the  cost  of  a  central  facility  can  be 
moritized  over  many  users. 

'  SCANTT  can  scan  either  maps  or  aerial  photographs 

Each  of  the  two  applications  mentioned  earlier  has  its  own 
recessing  requirements.  The  primary  purpose  of  SCANTT  is 
0  acquire  input  for  a  geographic  information  system.  Typi- 
ally,  the  negative  is  of  a  map  containing  lines,  such  as 
lolygon  boundaries,  to  be  sliced  at  one  density  level  into  lines 
nd  background.  The  search  may  be  more  complicated  than  in 
he  case  of  multidensities  because  the  desired  threshold  is  not 
ibvious.  All  densities  below  a  specified  threshold  (on  a  nega- 
ive)  constitute  a  line.  In  the  second,  typical  application — 
emote  sensing — the  objective  is  some  form  of  pattern  recog- 
lition.  The  user  wants  multiple  density  levels  on  an  aerial 
•hotograph  to  be  scanned  and  classified  by  integer  intervals. 

•  SCANTT  allows  work  to  be  performed  at  a  central  facil- 
ity to  vary  by  user  needs 

The  amount  of  work  done  at  a  central  facility  may  vary  by 
iser  needs.  Users  with  minicomputers  may  choose  to  process 
he  raw  scanner  output  themselves.  Another  alternative  is  to 


provide  the  central  facility  with  guidelines  and  let  an  experi- 
enced scanner  operator  exercise  judgment. 

The  amount  of  work  accomplished  by  the  facility  is  gov- 
erned by  varying  the  arrangement  of  three  main  programs.  All 
three  programs  could  be  used  on  the  requestor's  minicompu- 
ter, which  would  virtually  eliminate  processing  instructions  to 
a  central  operator.  Program  SLICE  groups  densities  in  various 
ways  for  later  analysis,  FREAK  provides  a  frequency  distribu- 
tion and  various  statistics,  and  LOOKED  provides  for  display 
and  editing  of  the  scan  data. 

•  SCANTT's  interactive  system  minimizes  the  need  for  a 
user  manual 

In  a  typical  batch  processing  enviroimient,  forms  are 
encoded  and  keypunched  to  provide  data  processing  control, 
usually  at  a  remote  site.  Comparable  control  is  achieved  more 
easily  with  the  interactive  system  provided.  The  computer 
provides  both  instructions  and  queries  as  the  situation  de- 
mands. The  keystroke  responses  are  often  binary,  either  yes  or 
no,  developing  in  a  logical  manner  (fig.  1).  This  direct  ap- 
proach is  possible  because  work  experience  obtained  during 
development  is  embedded  in  the  computer  programs  that  con- 
trol the  flow  of  work. 

•  SCANIT's  program  maintenance  manual  minimizes 
search  time 

Although  little  written  information  is  needed  to  operate  the 
system,  a  substantial  amount  is  required  to  maintain  it.  The 
program  maintenance  manual  is  provided  in  a  rigid  format  to 
minimize  search  time.  The  approach  chosen  is  that  of 
"Guidelines  for  Documentation  of  Computer  Programs  and 
Automated  Data  Systems,"  Federal  Information  Processing 
Standards  Publication  38  (U.S.  Dep.  of  Commerce  1976). 
One  of  a  series  by  the  National  Bureau  of  Standards,  the 
guidelines  are  distributed  under  the  provisions  of  Part  6  of  Tide 
15,  Code  of  Federal  Regulations. 

In  addition  to  general  information,  the  manual  provides 
detailed  descriptions  of  the  22  routines  (main  and  subpro- 
grams) developed.  Subprograms  are  related  to  each  other  and 
to  their  main  programs.  Finally,  variables  are  defined  and 
referenced  to  the  programs  that  use  them. 
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Figure  1 —Neither  portion  of  binary  map  data  are  from  the  original  scan. 
The  upper  "picture"  is  compressed,  in  comparison  with  the  original, 
because  repetitive  scan  lines  have  been  deleted.  After  inserting  a  line, 
the  data  are  redisplayed.  Note  the  "stretching"  effect  because  fewer 
scan  lines  are  repetitive  than  before. 


GENERAL  INFORMATION 


rhe  automated  digitizing  process  may  start  with  a  negative 

jositive  photo-reduction  of  a  map,  or  a  negative  or  diaposi- 

;  of  an  aerial  photograph.  A  scanning  microdensitometer 

1  record  thousands  of  densities  from  the  input  image.  Be- 

rise  milHons  of  densities  can  be  produced  each  day,  a 

c  riicomputer  needs  efficient  utility  routines  for  data  transfer 

3I  manipulation. 

rhe  user  may  simply  want  all  256  density  levels  recorded, 
:  may  have  them  thresholded  into  binary,  zero-one 
;egories.  Alternatively,  the  densities  may  be  divided  into 
pups  for  the  user  to  apply  some  pattern  recognition  al- 
jrithm.  This  manual  provides  the  means  of  maintaining  a 
( itralized  digitizing  and  partial  processing  (or  preprocessing) 
I -vice. 

IVRDWARE 

The  system  consists  of  a  scanner,  a  minicomputer,  a  mag- 
idc  tape  unit,  a  fixed  disc  drive,  a  demountable  disc  drive, 
id  a  terminal.  Although  specific  brand  names  are  identified, 
lematives  for  each  item  are  available  from  other  manufactur- 

!'•' 

i  Our  current  scanner  is  a  Joyce  Loebl  Scandig  Model  3  drum 
l)e  microdensitometer.  The  system's  central  processing  unit 
i  an  Eclipse  S/130,  manufactured  by  Data  General  (DG).  We 
iiected  a  32K  word  memory  (16-bit  words).  The  DG  disc 
34H  has  one  fixed  and  one  removable  disc  cartridge  for  10 
M  bytes  of  total  storage  and  with  a  data  transfer  rate  of  250K 
tes  per  second.  The  DG  magnetic  tape  unit  6021/6023 
commodates  an  800- B PI,  9- track,  2400- foot  reel,  and  has  a 
insfer  rate  of  60K  bytes  per  second.  Terminals  include  a 
inter-plotter,  a  cathode  ray  tube  (CRT),  and  a  tri-mode 
inter,  but  almost  any  keyboard-display  combination  may  be 
ed. 

JPPORT  SOFTWARE 

Our  programs  use  the  manufacturer's  I/O  routines,  bit  ac- 
ssing,  and  standard  FORTRAN  functions  controlled  by  the 
ial  Time  Disk  Operating  System  (RDOS).  Modular  program 
•ucture  facilitates  conversion  to  other  operating  systems.  A 
sc  operating  system  is  required  along  with  loaders,  as- 
mblers,  and  FORTRAN  compiler  and  libraries.  A  text  edit- 
g  capability  is  desirable.  The  SCANIT  computer  programs 
;veloped  by  us  will  be  copied  on  a  magnetic  tape,  supplied  by 
e  requestor. 

The  computer  programs  described  in  this  publication  are 
ailable  on  request  with  the  understanding  that  the  U.S. 
epartment  of  Agriculture  cannot  assure  their  accuracy,  com- 
eteness,  reliability,  or  suitability  for  any  other  purpose  than 
at  reported.  The  recipient  may  not  assert  any  proprietary 


'  Trade  names  and  commercial  enterprises  or  products  are  mentioned 
lely  for  information.  No  endorsement  by  the  U.S.  Department  of 
piculiure  is  implied. 


rights  thereto  nor  represent  them  to  anyone  as  other  than 
Government-produced  computer  programs. 

ADDITIONAL  INFORMATION 

The  additional  options  available  to  a  user  can  be  specified  by 
completing  the  service  request  form.  Permissible  combina- 
tions of  options  and  constraints  are  controlled  by  the  software 
and  become  evident  during  interactive  use  of  the  system. 

The  maintenance  programmer  will  find  the  glossary  essen- 
tial. More  exact  information  is  available  in  the  program  list- 
ings. The  extensive  cross-referencing  of  programs  and  vari- 
ables will  help  trace  decision  paths  through  the  complex  sys- 
tem structure.  The  22  programs  are  listed  alphabetically  and 
each  is  described  according  to  the  guidelines  provided  in  the 
outline  for  maintenance  manuals  cited  earlier  (U.S.  Dep.  of 
Commerce  1976,  p.  46,  47). 

The  processing  times  for  the  most  frequently  encountered 
operations  are  not  significant  for  planning  purposes.  A  run 
involving  a  large  number  of  frequency  groups  for  an  entire 
image  could  consume  2  hours  or  more.  Usually,  a  small 
portion  of  the  negative  can  be  selected  to  provide  sufficient 
information.  Program  SLICE  was  timed  on  an  image  of  a 
quarter- million  pixels,  divided  into  10  density  groups.  This 
representative  case  required  one-half  hour  to  process. 

1.1.  Service  Request  Form 

A  sample  service  request  form  can  be  modified  to  suit  an 
individual  requestor's  need(fig.  2).  Complex  processing  prob- 
lems may  require  attachment  of  supplementary  instructions. 

1.2.  System  Routines  Used 

Twenty-two  routines  were  developed  for  this  sytem  and  23 
others  are  part  of  the  Data  General  library  (fig.  3). 

1.3.  Glossary  of  Variables 

The  variables  used  are  defined  in  the  glossary  (fig.  4). 

1.4.  Cross-referencing  of  Programs 
and  Variables 

Tracing  program  execution  through  more  than  40  subpro- 
grams is  facilitated  by  a  cross-referencing  tool  (fig.  5). 

If  the  glossary  definition  of  a  variable  is  inadequate,  refer  to 
its  use  in  the  program  code.  A  cross-reference  table  indicating 
the  variable  is  provided  (fig.  6). 

1.5.  System  Modification  and 
Conversion 

The  system  described  can  be  adapted  to  function  on  another 
minicomputer.  To  assist  conversion  with  nonstandard  features 
and  extensions,  specialized  information  is  supplied  on  the 
FORTRAN  used  and  on  the  operating  system  routines. 

a.  COMPILER  NOSTACK.  This  option  causes  the  com- 
piler to  allocate  local  variables  in  fixed  locations  rather  than  on 
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CENTPALIZED  DIGITIZING  SERVICE  REQUEST 


Information  for  scan  tape  header  record 

a.   Sequence  number  (supplied  by  operator). 

Forest  (requester  supplied) 

Layer  (requestor  supplied ) 

Map  number  (requestor  supplies) 


b. 
c . 
d. 
e. 


f  . 


Scan  spacing  may  be  left  to  the  judgment  of  the  operator  or  specific 
in  one  of  the  ways  below. 

(1)  Operator  select (Y  or  N) 

(2)  Spacing,  X  direction  micrometers;  Y  direction micrometers 

(3)  Number  of  pixels/line ;  Number  of  scan  lines 

Aperture:   Selected  by  operator (Y  or  N),  or  other micrometers 


Acquisition  of  density  information 

a.  If  input  is  magnetic  tape: 

(1)  Attach  format 

(2)  Number  of  tape  files  to  skip 

b.  Input  document  is  photo  negative or  positive (Check  one) 

c.  Portion  of  input  document  to  be  digitized 

(1)  Entire  document (Y  or  N) 

(2)  Subset:   H§2ilIIlill2_nui!!ber Endin2_number 

?ow j_ 

Col_I j._I 

(3)  Approximate  instructions  (upper  left  quarter,  etc.) 


d.  Scan  without  a  threshold  (all  256  densities) (Y  or  N) 

e.  Density  thr^^shold  desired ,  or,  automatic  threshold 

Data  display 

a.  For  a  frequency  distribution  specify  sample  size: 

Re2innin2_Iiynik§£ £lllill2_nii!!lkS£. 

Pow 1 

Col I 1 

b.  Binary  display (Y  or  N) 

c.  Compact  printing  if  device  permits (Y  or  N) 

d.  Suppress  display  of  repetitive  lines (Y  or  N) 

e.  Print  output  on  device 


(Y    or    N) 


Figure  2 — Scanning  and  manipulation  of  density  data  are  initiated  by  a 
single  docunfient. 
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f  . 


Multilevel  display 

(1)   Equal-sized  groups 

a)  Low  end  of  range  (density) ,  or  default 

b)  High  end  of  range  (density) ,  or  default 

c)  Number  of  groups ,  or  default 

d)  Default  group  symbols (Y  or  N),  or  specific  symbols  for 

the  nuirber  of  groups  specified  in  c.  above 


(2) 


Unequal-si2ed    groups 

a)       Low    end    cf    range    (density) 

Hioh    end    of    range    (density) 

Number    of    groups 

^"^ecify    up    tc    6U    pairs    of    group    edges- 

sh?et     if    necessary). 

:1   2   3   U 


b) 
c) 
d) 


(use  a  continuation 
6   7   8   9   10: 


Low  edge  for  each  group 
Symbols  for  the  above 


Editing:   'tt&ch  data  editing  guidelines  unless  the  work  is  to  be  done 
by  the  requestor. 

Piscosition  of  outi  ut 

a.   .^fturn  r-riginal  dccurnent  to  sender i\    or  N) 

t.   Feturn  input  negative  to  sender (Y  or  N) 

c.  Rpturr.  input  t^pe  tc  render (Y  or  N) 

d.  S'Tnd  output  tape  to  requestor  with  format  or  other  description 

(Y  cr  "n 


Narr,': 


a  n  c  a  c  are; 


Telephone ( 

Dare  recuired 

Insurance,  special  mail  instructions 


|ure  2 — Scanning  and  nnanipulation  of  density  data  are  initiated  by  a 
gle  document — Ckjntinued. 


LIST  OF  SYSTEM  ROUTINES 

NAME    DESCRIPTION  OR  USE 

PROGRAMS  DEVELOPED  AT  PSW 

CHARZ   CONVERTS  AN  INTEGER  INTO  ASCII  CHARACTERS,  1  PER  WORD 

COZY    SWITCH  TO  AND  FROM  COMPACT  PRINTING  MODE  ON  HP-2635A 

03CRD   COPIES  RECORDS  FROM  DISC  TO  CORE 

D3CWR   COPIES  RECORDS  FROM  CORE  TO  DISC 

FREAK   MAIN  ROUTINE  TO  BUILD  AND  PRINT  FREQUENCY  DISTRIBUTION 

HEW     ASSIGNS  PREOUENCY  GROUPING  VALUES  TO  VALUES  IN  A  DATA  SET 

ICONV   CONVERTS  NUMERIC  CHARACTER  GROUPS  TO  INTEGER  VALUES 

INVAL   READS  INTEGERS  FROM  KEYBOARD 

INVER8  COMPLEMENTS  VALUES  IN  A  MATRIX 

LEDIT   EDITS  A  BINARY  MAP 

LOOKED  MAIN  ROUTINE  FOR  DISPLAY  AND  EDIT  OF  A  MATRIX 

MTREAD  TAPE  INITIALIZING  AND  READING  TO  CORE 

MTWRIT  TAPE  INITIALIZING  AND  WRITING  FROM  CORE 

OUTC    TRANSMITS  ONE  CHARACTER  TO  CONSOLE 

PAK     PACKS  INTEGER  VALUES  MORE  THAN  1  PER  WORD 

RDHEO   READS  AND  DISPLAYS  FILE  HEADER  RECORD 

SLICE   MAIN  ROUTINE  FOR  REDUCING  DATA 

STATIC  FINDS  MODE  AND  MAXIMUM  AND  MINIMUM  VALUES  IN  A  FREQUENCY  DISTRIBUTION 

TPIN    COPIES  FILE  FROM  TAPE  TO  DISC 

TPOUT   COPIES  FILE  FROM  DISC  TO  TAPE 

UNPAK   UNPACKS  INTEGERS  THAT  HAVE  BEEN  STORED  MORE  THAN  1  PER  WORD 

YESNO   YES/NO  TYPE  QUESTIONS  TO  USER 

SUBPROGRAMS  PROVIDED  BY  DATA  GENERAL 

VALUE  OF  A  REAL  NUMBER 

RODS  FILE 
E  FROM  SYSTEM 
AN  RDOS  DISC  FILE 
ILE  ATTRIBUTES 

VALUE  OF  AN  INTEGER 

FOR  16-BIT  LOGICAL  ANDING 
IT  TO  ZERO 

FROM  REAL  TO  INTEGER 

ZE  A  DIRECTORY,  DEVICE,  OR  FILE  FOR  REFERENCING 
NGLE  BIT  TO  ONE 

SHIFTER 
SINGLE  BIT 

LARGEST  INTEGER  VALUE 
MALLEST  INTEGER  VALUE 
RING  FUNCTION 

MAT  TAPE  I/O  '■ 

PE  UNIT  FOR  FREE  FORMAT  I/O 
ILE  WITH  A  SPECIFIED  FILENAME 
R  MORE  LOGICAL  RECORDS 
LL  OPEN  FILES 
E  OF  DAY  FROM  SYSTEM 

OR  MORE  LOGICAL  RECORDS 


I 


ABS 

ABSOLUTE 

CLOSE 

CLOSE  AN 

DATE 

GETS  DAT 

OFILW 

DELETES 

FSTAT 

CHANGE  F 

lABS 

ABSOLUTE 

lAND 

FUNCTION 

ICLR 

SETS  A  B 

IFIX 

CONVERT. 

INIT 

INITIALI 

ISET 

SET  A  SI 

ISHFT 

ARGUMENT 

ITEST 

TESTS  A 

MAXO 

CHOOSES 

MINO 

CHOOSE  S 

MOD 

REMAINDE 

MTOIO 

FREE  FOR 

MTOPD 

OPENS  TA 

OPEN 

OPEN  A  F 

READR 

READ  1  0 

RESET 

CLOSES  A 

TIME 

GETS  TIM 

WRITR 

WRITES  1 

Figure  3 — The  system  requires  45  routines  of  which  one-half  were 
developed  expressly  for  the  digitizing  service. 


LIST  OP  VARI*8LES(GL0SSARYJ 

NAME  DESCRIPTION  OR  USE 

8UF  LARGE  ARRAY  FOR  MORK  AREA 

I  INDEX,  COUNTER,  OR  INDICATOR 

lANS  INDICATES  USER'S  RESOOWSE  TO  A  0UEST10N(YES  OR  NO) 

I8L  ONE  HOLLERITH  BLANK 

IBP  NUMBER  OF  BITS  PER  PIXEL 

ICH  GENERAL  NAME  FOR  A  DISC  FILE  CHANNEL  NUMBER 

rCH2  CHANNEL  NUMBER  FOR  DISC  FILE  (ALTERNATE  FOR  PIXEL  DATA) 

ICHAN  CHANNEL  NUMBER  FOR  TAPE  FILE 

ICHO  CHANNEL  NUMBER  FOR  DISC  FILE  (PIXEL  DATA) 

ICHH  CHANNEL  NUMBER  OF  DISC  FILE  (HEADER  INFORMATION) 

IDOT  ONE  HOLLERITH  DECIMAL 

lEDGE  ARRAY  TO  HOLD  LOWER  EDGE  VALUES  FOR  FREQUENCY  DISTRIBUTION 

lER  I/O  CONDITION  INDICATOR 

IFCOL  ARRAY  OF  VARIOUS  FORMATS  TO  PRINT  COLUMN  HEADINGS 

IFOAT  ARRAY  OF  VARIOUS  FORMATS  TO  PRINT  DATA  LINES 

IFR  ARRAY  OF  GROUP  VALUES  AND  FREOENCIES 

IFUNO  ARRAY  OF  VARIOUS  FORMATS  TO  PRINT  HEADING  UNDERLINE 

IGH  HIGHEST  VALUE  IN  A  DATA  SET 

IHEO  ARRAY  CONTAINING  FILE  HEADER  RECORD 

II  INDEX,  COUNTER,  OR  INDICATOR 

III  INDEX,  COUNTER,  OR  INDICATOR 

INC  SPACING  CODE  FOR  SCANNER  SAMPLING 

INH80  'OPEN*  ARRAY  TO  SET  DEVICE  CHARACTERISTICS 

IPOS  ONE  HOLLERITH  APOSTOPHE 

IPW  PIXELS/WORD  (INPUT  DATA) 

IREC  LOGICAL  RECORD  NUMBER  INDICATOR  OR  COUNTER 

IRISE  VERTICAL  VECTOR  MAGNITUDE  (NUMBER  OF  ROMS)  FOR  LINE  CORRECTION 

IRUN  HORIZONTAL  VECTOR  MAGNITUDE  (NUMBER  OF  COLUMNS)  fOfl   C0RRECTIN6  A  LINE 

ISTA  I/O  STATUS  INDICATOR 

ISYM  ARRAY  OF  SYMBOLS  TO  REPRESENT  GROUPED  DATA 

IV  A  TEMPORARY  VARIABLE 

IVAL  ARRAY  OF  VALUES  (DEFAULT  OR  USER  DEFINED)  FOR  VARIOUS  USES 

IVAR  A  TEMPORARY  VARIABLE 

IWLR  NUMBER  OF  MOROS  IN  A  LOGICAL  INPUT  RECORD 

IWPR  NUMBER  OF  WORDS  IN  A  PHYSICAL  INPUT  RECORD  (BLOCK) 

IXL  LENGTH  OF  SCAN,  IN  MM, 

IVL  MIOTH  OF  A  SCAN,  IN  MM. 

lYO  OFFSET. FROM  LEFT  EDGE  OF  POSSIBLE  SCAN  FIELD,  IN  MM, 

I2L  ONE  HOLLERITH  ZERO,  LEFT-JUSTIFIED 

IZR  ONE  HOLLERITH  ZERO,  RIGHT-JUSTIFIED 

IZZ  TMO  ALPHA  ZEROES(030060) 

J  INDEX,  COUNTER,  OR  INDICATOR 

JSP  BITS/PIXEL  (OUTPUT  DATA) 

JCOL  ARRAY  TO  HOLD  CURRENT  COLUMN  HEADING  PRINT  FORMAT 

JOAT  ARRAY  TO  HOLD  CURRENT  DATA  PRINTING  FORMAT 

JJ  INOCX,  COUNTER,  OR  INDICATOR 

JJJ  INDEX,  COUNTER,  OR  INDICATOR 

JRW  PIXCLS/HORD  (OUTPUT) 

JUNO  ARRAY  TO  MOLD  CURRENT  UNDERSORlNG  PRINT  FORMAT 

JMLR  NUMBER  OF  MOROS  IN  A  LOGICAL  OUTPUT  RECORD 

JMPR  NUMBER  OF  MORDS  IN  A  PHYSICAL  OUTPUT  RECOR0(0R  BLOCK) 

K  INDEX,  COUNTER,  OR  INDICATOR 

KINO  FILE  TYPE  1NO|CATOR(E, 6, , SCAN, GROUPED  DENSITIES, ETC.) 

KK  INDEX,  COUNTER,  OR  INDICATOR 

KKK  INOCX,  COUNTER,  OR  INDICATOR 

KMIT  TASK  CONDITION  INOICATOROR  INITIATOR 


Figure  4 — A  glossary  of  variables  used  in  the  system. 


L  INDEX*  COUNTERr  OR  INDICATOR 

LABEL  DUMMY  ARGUMENT  TO  ACCEPT  HOLLERITH  STRINGS 

LJ  LOGICAL  VARIABLE 

LL  INDEX,  COUNTER,  OR  INDICATOR 

LOW  LOWEST  VALUE  IN  A  DATA  SET 

MASK  ARRAY  OF  MASKS  FROM  1  BIT  THROUGH  8  BITS 

MASK?  7-BIT  MASK  (I77K) 

MASKS  6-BIT  MASK  (377K) 

MTENO  MASK  TO  TEST  FOR  TAPE  EOF 

MTEOF  COMMAND  WORD  FOR  MTOIO  TO  XRITE  AN  EOF 

MTO  FILE  NAME  FOR  ADDRESSING  THE  MAGNETIC  TAPE  UNIT 

MTOP  INDICATOR  OF  TAPE  FILE  OPEN/CLOSE  STATUS 

MTREW  COMMAND  WORD  FOR  MTDIO  TAPE  REWIND 

MTSKP  COMMAND  WORD  FOR  MTDIO  FILE  SKIP 

MTWR  BASIC  COMMAND  WORD  FOR  MTDIO  TAPE  BLOCK  WRITE 

MXB  OXMCNSION  OF  BUP 

MXBT  *  (MAXIMUM  NUMBER  OF  BITS  PER  PIXEL  FOR  GR0UPIN6  DATA) 

MXCOL  DISPLAY  LIMIT  (COLUMNS) 

MXF  2M  (MAXIMUM  NUMBER  OF  UNIQUE  VALUES  IN  A  DATA  SET) 

MX6  64  (MAXIMUM  NUMBER  OF  GROUPS  FORMED  IN  SLICE 

MXHEO  S9  (NUMBER  OF  WORDS  IN  EXPANDED  HEADER  RECORD) 

MXI  327*7   (MAXIMUM  INTEGER  VALUE  IN  16-BIT  WORD) 

MXPX  MAXIMUM  NUMBER  OF  PIXELS  FOR  VARIOUS  OPERATIONS! EG.  UNPACKING.  PRINTING 

MXRON  DISPLAY  LIMIT  (ROMS) 

MXSCN  4ft  (NUMBER  OF  WORDS  IN  A  SCANOIG  HEADER  RECORD) 

MXTAP  4099  (MAXIMUM  NUMBER  OF  WORDS  IN  A  06  TAPE  BLOCK) 

H  INDEX,  COUNTER,  OR  INDICATOR 

NBM  \h    (NUMBER  OF  BITS  IN  A  MACHINE  WORD  (NOVA/ECLIPSI)) 

NC  INDICATES  SELECTED  PRINT  FORMAT  FOR  COLUMN  HEADING 

ND  INDICATES  SELECTED  PRINT  FORMAT  FOR  DATA  LINE 

NG  NUNGEII  OF  GROUPS  FOR  ALLOCATING  VALUES  IN  A  DATA  SET 

NN  INOCX,  COUNTER,  OR  INDICATOR 

NO  NOLLCIIITH  'N  *  TO  COMPARE  WITH  KEYBOARD  *N*  INPUT 

NPAKO  AMIIAY  OF  UNPACKED  PIXEL  VALUES 

NPX  MUMtCII  or  PIXELS  IN  A  SCAN  LINE 

NREC  RECORD  COUNT 

NSL  NUMBER  OF  SCAN  LINES  IN  A  FILE 

NTH  THRESHOLD  VALUE  FOR  CONVERTING  DENSITIES  TO  BINARY 

NU  IN9ICATCS  SELECTED  PRINT  FORMAT  FOR  UNDERLINING  HEADING 

RANGE  RANG!  OF  VALUES  IN  A  DATA  SET 

RISC  VERTICAL  VECTOR  MAGNITUDE  (NUMBER  OF  ROWS)  FOR  LINE  CORRECTION 

RUN  HORIZONTAL  VECTOR  MAGNITUDE  (NUMBER  OF  COLUMNS)  FOt  LINE  CORRECTION 

TANG  SLOPE  OF  A  LINE  BETWEEN  i   GIVEN  POINTS 

VAR  TEMPORARY  VARIABLE 

YES  HOLLERITH  'V  *  TO  COMPARE  WITH  KEYBOARD  'Y'  INPUT 


Figure  4 — A  glossary  of  variables  used  in  the  system — Continued. 
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Figure  5 — The  three  main  programs  call  subprograms  in  a  complex 
manner — Continued. 
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LOCATION  OF  VARIABLES  AND  COMMON 

NAME  SUBPROGRAM  OR  COMMON 

BUF  CHARZ,OSCRD, DSC WR, FREAK, ICONV , INVER3, LEOl T , LOGKEO,MTRE AO, 

MTHRIT,PAK,ROHEO,SLICE,TPIN,TPOUT,UNPAK 
I 

lANS  FREAK,  lNVAL,LEOIT,LOOKED,MTWRIT,ROHEO,SLICE,TPIN,TPOUT,rESNO 

IBL  LOOKED 

IBP  COMMON/H/ 

ICH  DSCRO.DSCWR, FREAK, ROHED.TPIN 

ICH2  SLICE 

I  CHAN  FREAK,LOOKEO,MTREAD,MTWRIT,ROHEO,3LICE,TPIN,TPOUT 

ICHO  OSCRO, DSC WR, FREAK, I NVERS, LEO  IT, LOOKED, 3L ICE, TP IN, TPOUT 

ICHH  FREAK, TPIN,TPOUT 

IDOT  LOOKED 

IED6E  HEM»SLICE 

lER  OSCRO,OSC»»R,  FREAK, LOOKED,  MTREA0,MTWR1T,R0HED,$L  let  #TPIN,TPOUT 

IFCOL  LOOKCO 

IFOAT  LOOKCO 

IFR  FREAK, STATIC 

IFUNO  LOOKCO 

IGH  FREAK, SLICC, STATIC 

IHEO  FRCAN, IC0NV,L00KE0»R0H£0,5LICC,TP!N,TP0UT 
II 
III 

INC  COMMON/M/ 

INH«0  COMMON/A/  (FREAK , LOOKED, SLICE) 

IPOS  LOOKCO 

IPN  FRCAK, LOOKCO, MTREA0,R0HE0,8L ICC 

IREC  OSCRO, OSCMR, FREAK, INVERS, RDHCO, SLICE* TPIN,TPOUT 

IRISC  LCOIT 

IRUN  LCOIT 

ISTA  MTRCAO«MTMRIT,ROHCO,TPOUT 

ISYM  SLICC 

IV  0S€l>O»0SCWR,FfiCAK,ICONV,INVCR8, LCD  IT,  LOOKED,  HTWR  IT,  PAH, 

ROHEO,SLICC,STATIC,TPOUT,UNPAK 

IVAL  INVALfLCOIT, LOOKCO 

IVAR  CHARZ,08CRD,0SCHR,FRCAK,IC0NV,INVCRS, LCD IT, LOOKED, ROHCD, SLICC 

IMLR  0SCR0,FRCAK, INVCRS, LCOIT, LOOKED, SL ICC, TPIN 

IMPR  MTRCAO,ROHe0,TPIN 

I  XL  COMMON/H/ 

lYL  COMNON/H/ 

lYO  COMMON/N/ 

IZL  LOOKCO 

IZR  ICONV 

IZl  ROHCO 
J 

J9P  PAKfSLIGC 

JCOL  LOOKCO 

JOAT  LOOKCO 
JJ 
JJJ 

JPN  SLICC 

JUNO  LOOKCO 

JWLR  OSCN«*tLICE,rPOUT 

JWPR  MT«««IT,TPOUT 
K 

KINO  COMMON/H/ 
KK 
KKK 

KWIT  DSC  RO,OSCl«(R,  FREAK,  ICONV,  I NVERS,  LEDI  T  ,  LOOKED,  MIRE  AO,MTWRIT  , 

ROHEO,SLICE,TPIN,TPOUT 
L 

LABEL  ICONV, INVAL,rESNO 

LJ  MTINRIT,PAK,RDHED 

LL  ICONV 


Figure  6 — A  cross-reference  of  programs  and  variables. 
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LOW  FREAK, SLICE, STATIC 

MASK  UNPAK 

MASK?  ICONV 

MA3K8  SLICE 

MTENO  MTREAO 

MTEOF  MTWRIT 

MTO  HTREAOfMTWRIT 

MTOP  MTREAO 

MTREW  MTWRIT 

MT8KP  ROHCO, MTWRIT 

MTMR  MTWRIT 

MXB  CMARZ, DSCRCOSCWR, FREAK,  INVERS,LEDIT, LOOKED, MTREAO, MTWRIT, 

SLICE, TPIN,TPOUT 

MXST  SLICE 

MXCOL  LOOKED 

MXF  FREAK 

MX6  SLICE 

MXHED  ICONV, FREAK, LOOKED, ROHEO,SL ICE, TPIN,TPOUT 

MXI  FREAK 

MXPX  FREAK, LEOIT, LOOKED, SLICE 

MXROW  LOOKED 

MXSCN  FREAK, ROHED,TPOUT 

MXTAP  TPOUf 
N 

NSW  FREAK, INVERS, LOOKED, SLICE, TP  IN 

NC  LOOKtO 

NO  LOOKED 

N6  HEM, SLICE 

NN  ICONV, ROHEO 

NO  VESNO 

NPAKO  HEW, LOOKED, PAK, UNPAK 

NPX  COMNON/H/,HEH 

NREC  08CRD,0SCWR, FREAK, INVERS, LEO  IT, LOOKED, RDHEO, SLICE, TPIN,TPOUT 

NSL  COMMON/H/ 

NTH  COMMON/H/ 

NU  LOOKED 

RAN6E  SLICE 

RISE  LEDIT 

RUN  LEOIT 

TAN6  LEDIT 

VAR  FREAK, INVERS, LEOIT, SLICE 

YES  VESNO 

COMMON/H/    FREAK, INVERS, LEOIT, LOOKED, ROHED, SLICE, TPIN,TPOUT 
COMMON/A/    FREAK, LOOKED, SLICE 


Figure  6 — A  cross-reference  of  programs  and  variables — Continued. 


a  shared  stack.  With  this  option,  local  variables  in  a  called 
routine  retain  their  values  between  calls. 

b.  PARAMETER.  This  statement  assigns  a  numeric  or 
logical  value  to  a  variable  name.  The  value  cannot  be  altered 
accidentally  during  program  execution. 

c.  X  in  column  one.  An  X  in  column  1  of  a  FORTRAN 
statement  allows  optional  compilation  of  the  statement.  A 
special  option  of  the  FORTRAN  compiler  causes  the  statement 
to  be  included.  Otherwise  the  statement  is  treated  as  a  com- 
ment. 

d.  nnnk.  This  form  denotes  the  octal  value  of  an  integer 
constant;  for  example,  137K  =  octal  137. 

e.  Channel  numbers.  These  numbers  are  equivalent  to 
FORTRAN  logical  unit  numbers.  Each  file  or  device  to  be 
accessed  must  be  associated  with  a  channel,  by  way  of  a  call  to 
OPEN.  There  are  default  channel  numbers  for  several  of  the 


common  I/O  devices.  The  SCANIT  system  uses  the  syste 
defaults  of  channel  1 1  for  keyboard  input  and  channel  10  f) 
CRT  or  other  display  unit. 

f.  PAUSE.  This  statement  interrupts  the  program,  usual 
to  allow  the  user  time  to  perform  some  task.  To  resun 
program  execution,  the  user  presses  any  console  key.         i 

g.  TYPE  and  ACCEPT.  These  statements  allow  unformal 
ted  I/O  on  the  console.  j 

The  special  FORTRAN  library  and  operating  systei 
routines  can  be  replaced  with  equivalent  routines  for  anothcj 
system.  Each  of  the  subprograms  furnished  by  Data  Gener 
are  described  to  the  extent  necessary  for  conversion. 

a.  ABS.  This  is  a  standard  FORTRAN  function. 

b.  CLOSE  (channel,  error).  This  routine  closes  the  fi! 
associated  with  the  specific  channel  number.  The  value  r< 
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jmed  in  "error"  indicates  if  the  call  was  successful  or,  if  not, 
/hat  condition  caused  failure. 

c.  DATE  (array,  error).  The  month,  day,  and  year  are 
etumed  in  the  three- word  integer  array.  The  error  value  indi- 
ates  success  or  failure. 

d.  DFILW  (filename,  error).  This  subprogram  deletes  a 
lisk  file  (filename).  The  error  value  indicates  success  or  fail- 
ire. 

e.  FSTAT  (channel,  attributes,  error).  This  subprogram 
sused  to  alter  the  "attributes"  of  the  file  currently  associated 
vith  the  specified  charmel.  File  attributes  include  read  and 
vrite  protection,  file  type,  and  others.  Each  attribute  is  deter- 
nined  by  the  on-off  state  of  its  assigned  bit  within  the  integer 
ittributes.  Thus,  there  cannot  be  more  than  16  attributes  in  this 
ystem.  The  error  value  indicates  success  or  failure. 

f.  lABS.  This  is  a  standard  FORTRAN  function. 

I;  g.  lAND  (argl,  arg2).  This  function  compares  the  bit 
)attems  of  the  two  arguments.  The  resulting  value  of  the 
unction  is  an  integer  with  a  one-bit  where  both  arguments 
:ontained  one-bits,  and  a  zero  bit  where  one  or  both  arguments 
contained  zero  bits. 

h.  ICLR  (word,  position).  This  subroutine  stores  a  zero  in 
he  specified  bit  position  of  the  given  word.  The  value  for 
)osition  can  range  from  zero  (for  least  significant  at  the  right 
;nd)  to  15  (for  most  significant  at  the  left  end). 

f    i.  IFIX.  This  is  a  standard  FORTRAN  function. 

j.  INIT  (name,  type,  error).  This  subroutine  acquaints  the 
iystem  with  name,  which  may  be  a  device  or  a  directory  of 
files.  Type  specifies  full  or  partial  initialization,  error  indicates 
success  or  failure. 

k.  ISET  (word,  position).  This  subroutine  stores  a  one  in 
the  specified  bit  position  of  the  given  word.  The  value  for 
position  can  range  from  zero  (for  least  significant  at  the  right 
end)  to  15  (for  most  significant  at  the  left  end). 

I.  ISHFT  (word,  number).  This  subprogram  can  be  used  to 
shift  the  bit  pattern  of  the  word  to  the  right  or  left,  according  to 
the  number  of  bit  positions  specified.  A  negative  number 
causes  a  right  shift;  a  positive  number  causes  a  left  shift. 
Vacated  bit  positions  are  zero-filled. 

m.  ITEST  (word,  position).  This  logical  function  tests  the 
value  of  the  bit  in  the  specified  position  of  the  given  word.  Test 
is  true  (-1)  if  the  bit  is  one  and  false  (zero)  if  the  bit  is  zero.  The 
value  for  position  can  range  from  zero  (for  least  significant  at 
the  right  end)  to  15  (for  most  significant  at  the  left  end). 

n.  MAXO.  This  is  a  standard  FORTRAN  function. 

o.  MINO.  This  is  a  standard  FORTRAN  function. 

p.  MOD.  This  is  a  standard  FORTRAN  function. 

q.  MTDIO  (channel,  command,  array,  status,  error, 
count).  This  subroutine  handles  free  format  tape  I/O  for  the 
device  currently  associated  with  the  specified  channel. 
Selected  bits  of  the  "command"  word  indicate  the  I/O  action 
(for  example,  read,  write,  move,  and  others).  The  command 
word  may  also  be  used  to  indicate  word  or  record  count. 
"Array"  is  the  core  area  used  for  receiving  or  providing  data 
for  the  I/O  action.  Each  bit  of  the  status  word  provides  infor- 
mation to  calling  routines  for  aid  in  case  of  errors.  The  error 


flag  is  returned  to  caller  and  indicates  success  or  failure.  The 
count  argument  is  optional  and  returns  the  actual  number  of 
words  (or  records). 

r.  MTOPD  (channel,  name,  mask,  error).  This  sub- 
routine opens  the  named  device  and  associates  it  with  the 
specified  channel.  Each  bit  of  the  mask  word  can  be  set  to  alter 
the  appearance  of  some  characteristic  of  the  device.  The 
SCANIT  system  does  not  use  this  facility.  Error  is  returned 
and  indicates  success  or  failure. 

s.  OPEN  (channel,  name,  mode,  error).  This  subroutine 
opens  disk  file  "name"  and  associates  it  with  the  specified 
channel.  Mode  controls  the  type  of  I/O  allowed  on  the  file  ( 1  = 
read  only,  3  =  write  by  user  only  but  read  by  all  users,  any 
other  value  =  read  and  write  by  any  user) .  Error  is  returned  and 
indicates  success  or  failure. 

t.  READR  (channel,  reel,  array,  nrec,  error).  This  sub- 
routine reads  "nrec"  logical  records  from  the  file  opened  on 
the  specified  channel  into  "array . ' '  The  read  operation  starts  at 
record  number  red.  Error,  returned,  indicates  success  or 
failure. 

u.  RESET.  This  subroutine  has  no  arguments  and  closes  all 
files  currently  open  to  the  job. 

V.  TIME  (array,  error).  This  subroutine  returns  hours, 
minutes,  and  seconds  in  the  array.  The  returned  error  code 
indicates  success  or  failure. 

w.  WRITR  (channel,  reel,  array,  nrec,  error).  This 
subroutine  writes  "nrec"  logical  records  from  "array"  into 
the  file  associated  with  specified  channel.  Writing  starts  with 
record  number  reel.  Error,  returned,  indicates  success  or 
failure. 


2.  PROGRAM  DESCRIPTIONS  AND 
LISTINGS 

2.1.  FORTRAN  Subroutine  CHARZ 

2.1.1.  Problem  and  Solution  Method 

Each  digit  of  an  integer  is  to  be  converted  to  the  ASCII 
character  code  for  that  digit.  Solution  method  is  to  use  modulo 
ten,  division  by  10,  and  addition  of  ASCII  zero.  The  resulting 
characters  are  stored  one  per  word  in  an  array. 

2.1.3.  Processing 

a.  Processing  logic.  N  is  set  equal  to  IVAR  for  use  in 
processing.  The  right-hand  digit  of  N  is  isolated  by  MOD 
|N,10),  converted  to  its  ASCII  character  code  by  adding  48 
(decimal)  and  stored  in  the  high-order  element  of  array  BUF. 
N  is  then  divided  by  10  to  place  the  next  digit  in  position  for  a 
MOD  (N,  10),  conversion  and  storing  in  the  next  lower  word 
of  BUF.  After  each  division,  N's  value  is  tested.  If  N  >  0,  the 
procedure  is  repeated.  If  N  =  0,  blanks  are  stored  in  unused 
words  of  BUF,  and  control  returns  to  calling  routine.  IVAR's 
value  is  not  changed. 
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b.  Linkages.  CHARZ  is  called  by  LOOKED  and  uses  the 
MOD  function. 

c.  Variables  and  constants.  N  is  set  equal  to  input  integer 
IV AR  at  entry  and  is  used  for  the  actual  processing,  J  is  a 
subscript  for  BUF,  48  is  the  value  used  to  convert  integer 
values  to  ASCII  characters.  Refer  to  glossary  for  others. 

e.  Error  handling  provisions.  If  there  are  more  digits  in  the 
input  integer  than  there  are  elements  in  the  output  array,  an 
error  message  is  issued  and  processing  stops  with  no  return. 


f.  Restrictions  and  limitations.  Number  of  digits  in  inp 
value  cannot  exceed  dimension  (MXB)  of  output  array. 

2.1.5.  Interfaces 

Array  BUF  contains  an  ASCII  character  code  for  a  vali 
from  zero  through  nine  in  the  right-hand  byte  of  each  elemei 
IVAR  is  the  integer  value  provided  by  the  calling  routin 
MXB,  the  dimension  of  BUF,  is  specified  by  the  callii 
routine. 


CHARZ 

COMPILER  NOSTACK 

SUBROUTINE  CHARZ ( IVAR . BUF , MXB) 
C  TO  CONVERT  A  POSITIVE  INTEGER  (IVAR)  TO  MXB  CHARACTERS.  STORED  ONE  PER  WORD, 
C  RIGHT-JUSTIFIED.  IN  BUF. 
C  BLANKS  REPLACE  ZEROES  IN  UNUSED  WORDS  OF  BUF. 

INTEGER  BUF<MXB) 

N=IVAR 

J=MXB 

DO  20  I=i,MXB 

K=MOD(N,10) 

BUF(J)»K+^8 

N=N/iO 

J  =  J-1 

IF(N.LE.O)  GO  TO  25 
20  CONTINUE 

IF(N.GT.O)  GO  TO  80 
25  DO  30  I-i,J 

BUF < I) =32 
30    CONTINUE 

GO    TO    90 


I 


1,1 


:    ERROR. 

80    HRITE<10,1000)IVAR,MXB 
iOOO    FORMAK'O INTEGER     ',16,' 
12,'    CHARACTERS. ') 
STOP 
90    RETURN 
END 


HAS  TOO  MANY  DIGITS  TO  STORE  IN  STRING  OF 


2.2.  FORTRAN  Subroutine  COZY 

2.2.1.  Problem  and  Solution  Method 

Provision  must  be  made  to  change  from  normal  to  compact 
printing  when  a  variable-mode  printer  is  available.  This 
routine  handles  mode  changes  for  an  HP-2635A. 

2.2.3.  Processing 

a.  Processing  logic.  A  series  of  control  characters  are 
output  to  the  printer. 

b.  Linkages.  This  routine  is  called  by  LOOKED.  Assem- 
bly routine  OUTC  passes  the  control  characters  to  the  console. 

c.  Variables  and  constants.  Constants  for  the  control 
characters  are  determined  by  the  HP-2635A  manual.  The 


argument  L  is  a  switch  variable  specifying  either  normal 
compact  printing. 

f.    Restrictions  and  limitations.  This  is  a  special-purpd 
routine  limited  to  the  HP-2635A. 


2.2.4.  Output 

The  output  consists  of  a  string  of  control  characters  directe( 
to  the  console. 


2.2.5.  Interfaces 

Output  characters  must  be  recognizable  and  usable  by  tl 
console.  In  the  event  that  a  different  output  device  is  used,  a 
empty  routine  should  be  substituted  unless  references  l 
COZY  are  removed  from  LOOKED  and  the  load  list. 


COZY 

SUBROUTINE  COZY(L) 
C  FOR  USE  ONLY  WITH  HP-2635A.  TO  SWITCH  TO  AND  FROM  COMPACT 
C  PRINTING  MODE, 

C     IF  L  =  i,  PRINT  MODE  IS  SET  TO  COMPACT, 
C     IF  L  =  2,  PRINT  MODE  IS  SET  TO  NORMAL. 

GO  TO  (10,20) ,L 
10  CALL  0UTC(33K) 

CALL  0UTC(46K) 

CALL  0UTC(153K) 
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CALL  0UTC(62K) 
CALL  0UTC(123K) 
CALL  0UTC<33K) 
CALL  0UTC(46K) 
CALL  0UTC(154K) 
CALL  OUTC(60K) 
CALL  OUTC(i04K) 
GO  TO  9% 

20    CALL  0UTC(33K) 
CALL  0UTC<46K) 
CALL  0UTC(153K) 
CALL  OUTC(60K) 
CALL  0UTC(123K) 
CALL  0UTC(3JK) 
CALL  0UTC<46K) 
CALL  0UTC<154K) 
CALL  0UTC(66K) 
CALL  OUTC(i04K) 

90  RETURN 
END 


2.3.  FORTRAN  Subroutine  DSCRD 

2.3.1.  Problem  and  Solution  Method 

A  variable  number  of  logical  records  previously  stored  on 
disc  are  to  be  copied  to  core  memory.  A  free-format  Data 
General  disc  reading  routine  provides  efficient  transfer. 

2.3.2.  Input 

Input  consists  of  logical  records  of  uniform  length  in  a 
randomly  organized  file. 

2.3.3.  Processing 

a.  Processing  logic.  The  routine  uses  the  channel  number  to 
construct  a  file  name  and  open  the  file  if  it  is  not  already  open. 
The  routine  reads  a  series  of  records  into  core,  checking  for 
error  conditions. 

b.  Linkage.  The  subprogram  is  called  by  FREAK,  SLICE, 
INVERS,  LEDIT,  RDHED,  and  TPOUT,  and  calls  DG 
routines  READR,  ISHFT,  and  OPEN. 


c.  Variables  and  constants.  N  contains  ASCII  characters 
zero  and  blank  (030040).  This  word  (N)  can  be  added  to  the 
channel  number  to  give  a  file  name  (IV)  if  a  file  has  not  been 
opened  and  associated  with  the  channel  already. 

IVAR — This  is  the  number  of  bytes  per  record. 

e.  Error  handling  provisions.  One  argument  (KWIT)  re- 
turns the  status  of  a  disc  read,  whether  successful  (0),  or  not 
(1). 

2.3.4.  Output 

In  the  event  of  a  disc  read  error,  a  message  is  printed  on 
console. 

2.3.5.  Interfaces 

BUF  is  an  array  of  length  MXB.  IREC  is  the  logical  record 
number  for  the  first  record  to  be  copied.  ICH  defines  the 
relative  channel  number  for  the  disc  file.  NREC  is  the  number 
of  successive  logical  records  to  be  read. 
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.osci;).) 
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I.OCTCAL    Rl  CORDS    (LLNCTII    TWI.R    WOROC)     I  riOM    PI 
OMPt-R     TRCC. 

lONLD    hXB.     TC    THl     ARRAY     10    RfCrTVf     TIIC    DATA, 
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r>    TIIF    CTATUC    OF    DISC    READ: 
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[; 
c 
c 
c 

c 

c 

TNTFC.fr     T<UF(HXV<) 
X  HRITF< 1 0 ,66^6) 

X6666    FORHAr(  Mil:  NTFRTNC    DSCRD') 

KWT  r- n 

C    CONSTRUCT    A    FTFE    NAML 
C    or    THF^    CIIANNFL    NUMfiFR  . 
N  =  .')(H)4ni< 

iv=isiir  T(icH,n)tN 

i>;ar^iwlr«.'? 

call   op  fn  <  j  ch . i v . 2 , t  fr 

J:F(  IER  .NE.  1  .AND.  TFR.NE 

CALL  READR  <  ICH  ,  TREC  .  FiUF  ,  NREC  ,  IER  ) 

IF(IER.EO.l)  RETURN 


;C  TO  CORF 


ni  CINNTMC 


1 1 S  INC  AS  C I  J  CHARACTER  R  F  P  R  E  < ;  F.  N  I  A  1  TO  N 


TVAR) 
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IF  R .NE.RO)  GO  TO  001 
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(301    KWfT:-! 

WRITl- (  10  ,nO(M))     lER 
8000    Fn«MAT( 'ODJ'if:    Rf-AO    FRRDR'     T4) 
RETURN 
EN)) 


2.4.  FORTRAN  Subroutine  DSCWR 

2.4.1.  Problem  and  Solution  Method 

An  efficient  method  is  needed  to  rapidly  transfer  data  from 
core  to  disc.  This  subprogram  provides  the  necessary  pre- 
liminaries to  call  a  DG  system  routine  that  allows  control  of 
data  flow  at  nearly  the  assembly  language  level. 

2.4.3.  Processing 

a.  Processing  logic.  This  routine  may  be  used  with  more 
than  one  channel  number.  Because  the  number  of  channels 
cannot  be  anticipated,  every  call  to  DSCWR  initiates  an  at- 
tempt to  open  the  file.  A  unique  file  name  is  created  by 
converting  the  input,  relative  channel  number  to  an  ASCII 
character,  after  the  RDOS  naming  convention.  The  number  of 
bytes  in  an  output  record  is  provided  to  the  opening  routine,  if 
the  file  is  not  already  open.  After  opening,  a  DG  routine 
provides  rapid  transfer  of  NREC  records  from  core  to  disc 
starting  from  relative  position  IREC. 

b.  Linkages.  The  program  is  called  by  FREAK,  SLICE, 
TPIN,  INVERS,  TPOUT,  and  LEDIT,  and  calls  DG  routines 
OPEN,  WRITR,  AND  ISHFT. 

c.  Variables  and  constants.  Refer  to  the  glossary  for  terms 
not  defined  here.  The  value  IV — 030040  octal — is  added  to 


the  integer  relative  channel  number  to  give  an  ASCII  charact< 
file  name.  IVAR  represents  the  length  of  a  randomly  organize 
file  in  bytes  per  record. 

e.  Error  handling  provisions.  Repeated  attempts  to  ope 
the  same  file  generate  error  codes.  These  are  distinguishe 
from  actual  errors  before  writing  proceeds.  Opening  or  writin 
errors  prompt  a  combined  general  message. 

f.  Restrictions  and  limitations.  Channel  numbers,  fror 
which  file  narrjes  are  created,  must  be  provided  in  accordanc 
with  system  specifications. 

2.4.4.  Output  , 

The  data  in  the  array  BUF  are  written  in  a  random-acces; 
disc  file  as  logical  records  of  uniform  length. 

2.4.5.  Interfaces 

BUF  contains  data  to  be  copied  to  disc.  KWIT  returns  i 
message  on  disc  write  status.  The  remaining  arguments  art 
defined  in  the  glossary. 

2.4.7.  Run  description 

Locate  subprogram  with  calling  routines  and  FORTRAN 
library.  Follow  RDOS  conventions  in  selection  of  multiple 
channel  names. 


(::i.)rilMLI.H     fill';.  |,^|(:K 

j;ui<ROMi  TMF  n;:;e:i.ii.w  rcii, inia  .nklc  .jmi  .iixn  ,  ji)i  r  .kim  i  > 
V.  copHS  RicoKos  I  ROit  ((iRi;   m  Dice  rii,  e,   uremimi.   hie  ih!    i  ir;;i, 
c;   ir   MEcrr.r.ARY. 

r:    RUI'     =    ARRAY    IRdH    WIITCH     \U    UWWL    PATA  .     EEMGTTT    riXR  . 
f:    HXP    rANNDI     U\~     EE'.'.S    THAN    NREC    t     JWER. 

i;    ii::h  -  rii.ath;e  ditannee  numoer  , 

C     TREE    =-    RM..ATTVE    Rd'VETION    HE    TTR'^r    REEdRO     10    '-E    WRJICN. 
C;    NREC;     :^    NDMWER    01"     lOiiTCAl      RECORDS    TO    HE    l/IRETIEN. 

c  ^[■}\M  -■-■-■■   NOMOER  OK  word;;  in  a  eo(-.i(;;ae  reeord, 
c;  KWJT  reiurn;;;  niAior,  oe  Drsn  'jreie-; 
c   0  =  nocEESGr 01  wriie 

C  .1.    ■■■--■    DISC    ERROR 

c 

INIEGER    r(UE(MXD) 
X  "•IRnr(  1  0  ,66f'>.'.  >  JCII 

X66,'.A    rORMATC  '  01  NTERINr.    DSEMR  ,     JCEI'.T,') 

K  W I  I  -=  0 
C    GENERATE    Al  PMA    FORM    OE    NUMERIC    CIIANNII      NO.'.UMf:     AH    EIEE    NAME. 

TV ---,■0  0  4  OK 
BUE(.1  )  ^ini-M-  I  (  ICH  ,(!)  t  TV 

:l,VAR-^^^^.lER;!<;:> 

CAEE  OREN(  TCO  .TUlf  ,  ?  ,  ,1  ER  ,  IVAR  ) 

IE  (  iER  .NE.  1  .  AND  .  TER  .  NE  .  40  .  AND  ,  I;ER  ,  NE  .  ,>|)  )  EO  (0  B(i4 

CO  ID  99  0 

E  A  L I .  W  R  I T I !  (  I  (II.  T  R  E  C  ,  H  0  E  ,  N  R  E  C  ,  I  E  R  ) 

II  (  TER  .EQ.  1 )  CO  TO  970 
(M)4  KIJIT  1 

WRT  rE(  1  0  .no  0  4)  lER 
B004  EORMAT(  '  ODtliC  ERROR  '  .  14) 
99  0  RETURN 

END 
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?.5.  FORTRAN  Main  Program  FREAK 

>.5.1.  Problem  and  Solution  Method 

User  needs  to  look  at  a  frequency  distribution  of  part  or  all  of 
lis  data.  Data  elements  may  be  from  one  to  eight  bits  per  pixel; 
herefore,  the  number  of  groups  may  vary  from  two  to  256. 
rhis  program  obtains  needed  information  from  the  header 

ecord  to  construct  a  frequency  distribution. 

I 

!.5.2.  Input 

'  The  header  record  supplies  the  number  of  bits  per  pixel  and 
he  information  needed  to  compute  the  number  of  pixels  per 
'ecord.  Logical  records  of  data  are  on  disc.  User  types  in 
lirections  on  sample  size.  User  can  specify  beginning  and 
;nding  row  and  column  or  ask  for  all  data  to  be  included. 

!.5.3.  Processing 

a.  Processing  logic.  From  information  in  the  header,  the 
ictual  number  of  data  pixels  can  be  calculated,  thus  excluding 
he  border  and  padding  pixels  added  by  the  Scandig  controller. 
Jser  is  asked  to  type  directions  as  to  sample  size.  Each  record 
0  be  included  is  read  from  disc,  data  is  unpacked,  and  the 
orresponding  groups  are  incremented.  If  the  count  for  any 
xoup  exceeds  32767 ,  the  count  is  zeroed  out  and  starts  again. 

b.  Linkages.  This  program  calls  PSW  routines  TPIN, 
YESNO,  INVAL,  DSCRD,  UNPAK,  STATIC,  PAK,  and 


DSCWR.  It  makes  use  of  DG  routines  OPEN,  TIME,  DATE, 
MAXO,  MINO,  MOD,  and  RESET. 

c.  Variables  and  constants.  KKK  and  IVAR  are  the  begin- 
ning and  ending  record  numbers  to  be  included  in  the  sample. 
KK  and  IV  are  the  beginning  and  ending  pixel  numbers  of  data 
to  be  included  from  each  record.  IV  is  used  later  in  the  program 
in  converting  the  mode  to  character  format  and  also  for  indicat- 
ing the  number  of  print  lines  in  the  frequency  distribution.  The 
remaining  variables  and  constants  are  defined  in  the  glossary 
or  are  used  as  indexes  or  subscripts. 

e.  Error  handling  provisions.  Input  data  (tape  and  con- 
sole) are  checked  for  reasonableness.  I/O  status  is  checked 
after  each  operation .  The  count  for  each  group  is  not  allowed  to 
exceed  32767  (MXI).  At  the  time  the  count  would  exceed 
MXI,  a  message  is  printed  and  the  count  for  that  group  is  reset 
to  zero.  It  is  evident  that  this  arbitrary  procedure  could  affect 
the  mode,  but  the  user  is  given  enough  information  to  adjust 
any  decision  based  on  the  mode. 

f.  Restrictions  and  limitations.  The  number  of  bits  per 
pixel  cannot  be  greater  than  eight.  The  number  of  groups  in  the 
frequency  distribution  cannot  be  greater  than  256.  The 
maximum  number  of  pixels  per  scan  line  is  4500  (MXPX). 

2.5.4.  Output 

The  mode  of  the  frequency  distribution  is  added  to  the 
header.  The  frequency  distribution  table  is  printed,  using  a 
maximum  of  80  print  positions.  The  date  and  time  are  also 
printed. 


FREAK 
COMPILER  NOSTACK 
C  CONSTRUCTS  AND  PRINTS  FREOENCY  TAPLE  FROM  PACKED  DATA  ON  TAPE, 
C  5*UMgEg  OF  GROUPS  MAY  VARY  FROM  2  TO  2S6 .   BITS/PIXEL  MAY  VARY  FROM 

C  PIXELS  OF  ALL  i-BlTS  WERE  ADDED  FOR  BORDERING  AND  PADDING  AT  SCAN  TIME  BY 
C  THE  SCANDIG  CONTROL  PROGRAM. 

C  THE  NUMBER  OF  PIXELS  SO  ADDED  WILL  NOT  BE  INCLUDED  IN  THE  COUNT, SO  THAT 
C   ONLY  ACTUAL  DENSITY  DATA  WILL  BE   CONSIDERED  IN  THE  DISTRIBUTION. 

PARAMETER  ICHAN=0 , ICHD=i , ICHH=2 

PARAMETER  MXHED=53,MXSCN=46 , NBW=lfc 

PARAMETER  MXB=3000 ,MXF=256 ,  MXPX=4S00 

INTEGER  BUF<MXPX>,IHED(MXHED),IFR<MXF,2) 

C0MMON/H/IBP,NPX,NSL,NTH,INC,  IXL , lYO , lYL ,KIND 

COMMON/A/INH80(3> 

DATA  INH80/-1,2,40000K/ 

DATA  MXI/32767/ 
C 
C 

CALL    OPEN<10,'»TTO',INH80,IER) 

CALL    TIHEdHEDt^B)  ,IER) 

CALL    DATE<IHED(S1),1ER) 

WRITE ( 10,5000 )(IHED( I ),I=48,53) 
SOOO  FORMAT <'OTIME=>, 313, 6X.'DATE=>,I3^' : ' , 12, ' : ' , 12) 

CALL  TPIN<BUF,MXB,IHED,MXHED,IWLR,ICHAN,ICHD,KWIT) 

IF(KUIT.NE.O)  GO  TO  9?0 

LL=2»»IBP 

IF(LL.CT.MXF)  GO  TO  800 
C  INITIALIZE  ARRAY  IFR . 

DO  5  1-1, LL 

IFR(I,1)=«I-1 
5  IFR<I,2)-I 

IPW=NBW/IBP 
C  CALCULATE  NUMBER  OF  REAL  DATA  PIXELS  IN  EACH  LINE. 
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C  THESE  CALCULATIONS  ARE  BASED  ON  USE  OF  SCANDIG  SPACING  WHEEL  VARYING 
C  FROM  12.5  TO  100  MICRONS. 

VAR-(2«»INC)»12.5 

IV=(100I./VAR)«IYL+1 

IVAP=N8L-i 

KK"2 

KKK»2 

NREC-l 

CALL  YESNO<IANS,'USE  ALL  DATA  FOR  FREQUENCY  TABLE', 32) 

IFdANS.EQ.l)  GO  TO  12 
10  1=4 

CALL  INVAL< 'FIRST  AND  LAST  ROW,  FIRST  AND  LAST  COLUMN' , 41 ,BUF , I ) 

KKK»MAX0(BUF(1 ) ,KKK ) 

I VAR=MIN8 < BUF ( 2 ) , IVAR ) 

KK"MAX0(BUF(3),KK)  if 

IV='MIH0<DUF(4),IV) 

IF(KKK.CT.IVAR)    GO   TO   803 

IF(KK.GT.IV)  GO  TO  803 
X      WRITE<10,7000)  IBP ,NPX,NSL,NTH, INC, IXL, 1 YO, lYL  m 

X7000  FORMAT CO/H/', 816) 

X      WRITE(ie,70aiyKKK,IWAR,KK,IV  »^' 

X7001  FORMAT('0',4I6) 

12  II-IU-KK+1  ,,„„ 

IFdI.GT.MXPX)  GO  TO  804 

JJ-HXPX-IWLR+1 

DO  20  I«KKK,IVAR 
C      IREOl-1  ,  ,p, 

CALL  DSCRD<  ICHD  ,  IREC  ,  NREC  ,BUF  ( J.r )  .MXB  .  IWLR  ,  KWIT  ) 
IF(KWIT.GT.0>  GO  TO  990 

CALL  UNPAK(IBP,BUF<JJ) ,BUF( 1 ) ,KK , II , IPW) 
DO  18  K>1,II 
J"BUF<K)+1 

1F(IFR<J,2) .LT.MXI)  GO  TO  17 
WRITE<10,1017)BUF<K) 
1017  FORMATCOCOUNT  REDUCED  BY  32767  FOR  VALUE' ,  14, 'XXXXXXXXXXXXXXXXXXXXXX' ) 
IFR(J,2)»0 

17  IFR<J,2>"1FR<J,2)+1 

18  CONTINUE 
20  CONTINUE 

CALL  STATIC <IFR( 1,2) ,LL , IGH,LOW,K ) 
C  CONVERT  MODE  (K)  TO  ASCII  CHARACTERS  AND  STORE  IN  IHED  FOR  POSSIBLE  LATER  USE. 
NTH»K 
IV=K 
Il=»2 
K=4 

DO  30  I-II,K 
J=6-I 

BUF(J)«MOD<IV,10)+48 
IV«IV/18 
30  CONTINUE 
BUF(1)>48 
J«8 
I«l 
JJ  =  0 

CALL  PAK<J,IHED<37)  ,BUF,I,K,II)  !7 

CALL  DSCMR(ICHH,JJ,I,IHED,MXHED,MXHED,KWIT)  i 

IF(KWIT.NE.O)  GO  TO  990 
IV»(IGH-L0W+4)/4 
IGH»ICH-«-l  I  d 

WRiTE(io,i00i)iv  In 

1001  FORMATCOFREQUENCY  DISTRIBUTION  TABLE  NEEDS', 13,'  LINES') 
PAUSE'  POSITION  PACE,  THEN  HIT  ANY  KEY' 
DO  S3  J»1,IV 
L0W»L0U+1 
WRITE(10,1002)(IFR<L,2),IFR(L,1),L=»LOW,IGH,IV) 

1002  F0RMAT<4<I14,'  (',13,')')) 
S3  CONTINUE 

WRITE < 10,1 003) (IHED< I), 1=48, 53) 

1003  F0RMAT<////,I3,' : ',I2,» : ',I2,2X,3I3) 
GO  TO  998 

C  ERROR  CONDITIONS. 

800  WRITE(10,80eO)IBP 
8000  FORMAT COUNREASONABLE  INPUT  TAPE,  BITS  PER  PIXEL=',I2) 
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60  TO  99t 

803  URITE(10>8003) 

8003  FORMAT  COERROR  IN  SAMPLE  SELECTION*) 
GO  TO  90t 

804  TYPE  'TOO  MANY  PIXELS  FOR  AN  UNPACKED 
900  CALL  YESN0<IAN8,'RE-EMTER  DATA',i3) 

IF(IANS.EQ.i)  GO  TO  10 
990  CALL  RESET 

URITE<10,iOOO> 
1000  FORMAT (//////) 
STOP 
END 


LINE,  =',II 


2.6.  FORTRAN  Subroutine  HEW 

2.6.1.  Problem  and  Solution  Method 

A  frequency  distribution  is  needed  for  a  collection  of  data, 
such  as  scan  density  values.  Each  element  in  the  collection 
1  must  be  assigned  a  group  value  (0,  1,2,  .  .  .)  according  to 
I  divisions  supplied  to  this  routine. 

2.6.3.  Processing 

a.  Processing  logic.  The  data  collected  to  be  grouped  is 
unsorted  and  certain  values  may  not  be  represented  within  the 
range  of  the  data.  Each  group  is  distinguished  by  an 


"edge" — the  lowest  value  in  a  group.  Starting  with  zero, 
edges  are  stored  in  ascending  order  for  comparsion  with  the 
data  collection.  The  result  of  the  comparsion  is  that  every 
element  of  the  data  collection  is  replaced  by  a  group  number  of 
zero  or  more.  The  group  of  highest  value  will  contain  all  data 
element  values  greater  than  or  equal  to  the  highest  group  edge, 
b.  Linkages.  HEW  is  called  by  the  main  program  SLICE. 

2.6.5.  Interfaces 

NPAKD  is  the  data  collection.  NPX  is  the  number  of  ele- 
ments in  NPAKD.  lEDGE  is  the  array  of  group  edges.  NG  is 
the  number  of  groups. 


HEW 
COMPILER    NOSTACK 

SUBROUTINE   HEU(NPAKD,NPX>NG, lEDGE) 
C   ASSIGNS   A   GROUP    MJMBER    TO   EACH   OF   NPX   VALUES    IN   ARRAY   NPAKD. 
C   USES  LOWER   EDGE  VALUES, IN  ARRAY    lEDCE,    TO  DETERMINE   PROPER   GROUI>. 
C   THE    VALUE    IN   THE   FIRST   ELEMENT   OF    lEDGE    18  ZERO    (THE   LOWEST   EDGE). 
C 

INTEGER    NPAKD(NPX>,IEDGE<NG) 
DO   21    I<=1,NPX 
DO    16   J-2,NG 
K»J-l 

IF<NPAKD«1).LT.IEDGE<J))    GO   TO    18 
16   CONTINUE 

KsMC 
18   NPAK0(I>«K-1 
20   CONTINUE 
RETURN 
END 


2.7.  FORTRAN  Subroutine  ICONV 

2.7.1.  Problem  and  Solution  Method 

A  group  of  ASCII  characters,  assumed  to  represent  the 
positive  integers  0  to  9,  must  be  converted  into  an  integer 
value.  The  task  is  done  by  using  necessary  byte  operations 
without  benefit  of  assembly  language. 

2.7.3.  Processing 
a.  Processing  logic. 

1 .  General  logic.  A  16-bit  word  contains  two  bytes  with  an 
ASCII ,  7-bit  character  in  each  byte .  Each  half  of  the  word  must 
be  masked  off  in  turn  during  the  conversion.  The  numbers 
obtained  represent  decimal  integers  which,  when  multiplied 
by  a  power  of  10  and  added  together,  return  the  desired  value. 

2.  Detailed  logic.  Although  the  subroutine  is  more  general, 
usually  four  ASCII  characters  will  be  input  in  two  2-byte 


words.  The  character  in  the  right-hand  byte  of  each  word  is 
obtained  by  a  logical  AND  with  177K  mask.  An  8-bit  right 
shift  operation  brings  the  left  byte  in  each  word  into  position 
for  the  logical  .AND.  operation.  A  right  shift  alone  obtains  the 
left  byte  given  zero  left-fill,  but  masking  in  addition  adds 
generality.  The  result  of  the  .AND.  is  a  7-bit  ASCII  character 
representation  of  an  integer.  To  obtain  an  integer,  an  ASCII 
zero  must  be  subtracted  from  the  character  form.  For  example, 
a  decimal  9(11  octal)  is  the  result  of  subtracting  ASCII  zero 
(60  octal)  from  ASCII  9  (71  octal).  The  one-to-NN-digit 
decimal  numbers  can  be  developed  by  multiplying  1 -digit 
integers  by  powers  of  10,  e.g.,  1003  =  (1*10**3)+ 3. 

b.  Linkages.  This  routine  is  called  by  RUHbU  and  uses  the 
functions  lAND,  ISHFT,  and  MOD. 

c.  Variables  and  constants.  Most  constants  and  variables 
are  defined  centrally  in  a  glossary  to  reduce  redundancy, 
however,  local  variables  are  described  here. 
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/ .  Constants:  IZR  is  ASCII  zero  (000060K).  MASK?  is  177 
octal  or  127  decimal  or  seven  1-bits  in  binary  (0  000  000  001 
111  111). 

2.  Variables:  IV  is  the  binary  value  of  a  byte  (temporary). 
LL  is  the  byte  counter  (subscript).  IVAR  stores  the  integer 
value  obtained. 

e.  Error  handling  provisions.  The  variable  IV  is  tested  to 
see  if  it  falls  within  the  range  0  to  9.  Any  non-numeric  charac- 
ter causes  an  inmiediate  message  and  an  error  indicator  is 
returned  to  the  calling  routine  for  subsequent  decision  as  to 
appropriate  action. 


f.  Restrictions  and  limitations.  The  converted  value  re- 
turned by  the  subroutine  is  limited  to  the  maximum  integer 
value  allowed  by  the  system,  e.g.,  2**15-1.  : 

2.7.5.  Interfaces 

IHED  (dimension  MXHD)  contains  the  ASCII  characters. 
NN  is  the  number  of  characters.  IVAR  returns  the  integer 
value  to  the  calling  routine.  KWIT  indicates  success  or  error 
on  return.  LABEL  is  a  definition  of  the  value  in  IVAR. 

2.7.7.  Run  Description 

Subprogram  to  be  located  with  calling  routines  and 
FORTRAN  Library. 


IDOS 
e,E 


ICONV 

COMPILER  NOSTACK 

SUBROUTINE  ICONV< IHED .MXHED , IVAR ,NN, KWIT , LABEL) 
C  CONVERTS  NN  ASCII  CHARACTERS  TO  AN  INTEGER  VALUE 
C  KUIT  IS  UNCHANGED  IF  NO  ERROR  OCCURS. 
C  KWIT  IS  INCREMENTED  BY  1  IF  ERROR  OCCURS. 

INTEGER  IHED(MXHED),LABEL(6) 

DATA  IZR/60K/,MASK7/177K/ 

IVAR-0 

DO  100  I>1,NN 

LL=(I-i)/2+l 
C  ODD  I  =  LEFT  CHARACTER,   EVEN  I  =  RIGHT  CHARACTER  OF  WORD. 

IF(M0D<1,2) .EQ.O)  GO  TO  1 
C  LEFT  CHARACTER. 

IV=IAND(ISHFT<IHED(LL),-8),MASK7)-1ZR 

GO  TO  2 
r.  RIGHTHAND  CHARACTER. 

1  IV=IAH»<IHED<LL),HASK7)-IZR 

2  IF<IV.LT.I.0R.IV.GT.9)  GO  TO  90 
IF<IVAR-3276)  109,3,92 

3  IF(IVAR*IV.GT.3283)  GO  TO  92 
100  IVARoIVARtlO^IV 

CO  TO  99 


ERROR  -  N0N<NUHERIC  CHARACTER. 
90  LL»MN/2 

URITE(10,iOOO>I,<IHED<K),K»l,LL) 

1000  FORMAT CONON-NUHERIC   CHARACTER,    POSITION   •'>I3, 
IVAR>0 

KWIT°>KUIT4-L 
RETURN 
92  LL=>NN/2 

URITE<10,1001),IVAR,IV,(IHED<I),I=>1,LL) 

1001  FORMAT COIHTEGER  VALUE  WILL  EXCEED  CAPACITY') 
RETURN 


C  DISPLAY  DESCRIPTION  AND  VALUE. 
99  WRITE< 10, 2000 )LABEL, IVAR 
2000  F0RHAT(1X,6A2,I5) 
RETURN 
END 
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2.8.  FORTRAN  Subroutine  INVAL 

2.8.1.  Problem  and  Solution  Method 

An  interactive  system  implies  that  data  will  be  input  during 
execution.  The  solution  method  is  to  perform  integer  input 
handling  through  one  routine. 

2.8.2.  Input 

Keyboard  input  consists  of  one  or  more  integers,  each 


except  the  last  followed  by  a  comma.  A  carriage  return  follows 
the  last  value  entered. 

2.8.3.  Processing 

a.  Processing  logic.  A  message  to  the  console  tells  the 
operator  how  many  integers  to  enter  and  may  also  identify  the 
data  expected.  After  data  are  keyed  in,  a  message  asking  for  a 
"yes"  or  "no"  response  gives  the  operator  a  chance  to  reenter 
the  data,  if  desired.  Otherwise,  control  returns  to  the  calling 
routine.  , 
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b.  Linkages.  INVAL  is  called  by  LOOKED,  LEDIT, 
FREAK,  and  SLICE.  INVAL  calls  YESNO  and  uses  the 
RDOS  ACCEPT  statement,  allowing  unformatted  input. 

e.  Error  handling  provisions.  The  program  provides  the 
opportunity  to  reenter  data  if  an  error  is  detected.  For  example , 
if  the  CR  is  hit  before  all  values  are  keyed  in,  the  system  will 
wait.  The  operator  can  enter  enough  commas  to  complete  a 
dummy  list,  then  reenter  data  correctly. 


2.8.4.  Output 

Prompting  messages  are  output  to  console. 

2.8.5.  Interfaces 

A  string  array  (LABEL  dimensioned  L)  identifying  the 
input  data  is  provided  by  the  caller.  LABEL  may  be  empty  (L 
=  0).  Calling  routine  also  specifies  K,  the  number  of  integer 
values  to  be  keyed  in.  The  input  values  are  returned  in  array 
IVAL,  one  per  element. 


INVAL 

COMPILER  NOSTACK 

SUBROUTINE  INVAL (LABEL, L,IVAL,K) 
C  ROUTINE  TO  ACCEPT  K  INTEGERS  TYPED  IN  AT  EXECUTION  TIHE. 
C  L  IS  NUMBER  OF  CHARACTERS  IN  HES'^AGE. 
C  IF  L^'i,    NO  MESSAGE  IS  PRINTED. 

INTEGER  YES, NO 

INTEGER  LABEL(i),IVAL(K> 

J»(L*l)/2 
15  IF(K.GT.l)  WRITE(iO,1002)K 

1002  FORMAT(*  TYPE  IN  ' ,13, IX, ' INTEGERS,  SEPARATED  BY  C0MMA8M 
IF(K.Ea.i>  URITE<iO,i003) 

1003  FORHAK'  TYPE  IN  1  INTEGER M 
IF(J.CT.O>  yRITEdO,  1000 XLABELd),  1-1, J> 

1000  FORMATS 0^39^2) 
DO  19  I«1,K 
19  IVAL(I><-« 

ACCEPT  (IVAL(I),I«1,K) 

CALL   YESN0(1AN8,'D0   YOU  tllSH   TO  RE-ENTER   THE  DATA', 32) 

IFdANS.EQ.i)   60   TO   15 

RETURN 

END 


2.9.  FORTRAN  Subroutine  INVERS 

2.9.1.  Problem  and  Solution  Method 

If  a  positive  transparency  was  scanned  instead  of  a  negative, 
the  scan  image  can  be  reversed  by  taking  the  1  's  complement 
of  each  pixel .  Additional  processing  is  optional  for  the  padding 
pixels  added  to  each  record  of  a  Scandig  data  file. 

2.9.3.  Processing 

a.  Processing  logic.  In  DG  equipment,  the  negative  of  a 
number  is  its  2's  complement.  To  obtain  the  I's  complement, 
subtract  1  from  the  2's  complement.  This  process  is  applied  to 
each  word  containing  one  or  more  pixels  to  be  inverted.  If  all 
pixels  are  to  be  complemented,  this  is  all  the  processing 
necessary  for  each  record.  If  the  padding  pixels  are  excluded 
from  the  complementing,  their  values  will  be  set  to  all  1-bits 
for  densities,  or  to  all  0-bits  for  thresholded  data. 

b.  Linkages.  INVERS  is  called  by  TPIN  and  SLICE, 
i  INVERS  calls  DSCRD,  ISET,  ICLR,  and  DSCWR. 


c.  Variables  and  constants.  KK  and  IVAR  are  the  first  and 
last  records  to  be  processed.  K  and  IV  indicate  bit  processing 
positions  within  each  record. 

d.  Error  handling  provisions.  I/O  status  is  checked  after 
each  operation.  Header  record  values  are  checked  for  reason- 
able data  format. 

e.  Restrictions  and  limitations.  There  must  be  a  multiple 
of  32  bits  per  record  (2*  16*no.  of  words). 

2.9.4.  Output 

Inverted  image  replaces  original  on  disc. 

2.9.5.  Interfaces 

BUF,  dimensioned  MXB,  is  the  I/O  buffer.  ICHD  is  the 
channel  number  for  data  file.  IWLR  is  the  logical  record  length 
in  words.  JJ,  at  calling,  is  a  switch  indicating  how  to  process 
the  padding  pixels.  On  return,  JJ  indicates  if  task  was  done. 


INVERS 

COMPILER  NOSTACK 

PARAMETER  NBW=i6 

SUBROUTINE  INVERS( BUF ,MXB , ICHD , lULR , JJ  > 
C  SPECIALIZED  ROUTINE  FOR  PROGRAMS  PROCESSING  SCANDIG  DATA 
C  FOR  SUBSEQUENT  USE  IN  THE  UNIVAC  liOB   SYSTEM. 
C  COMPLEMENTS  VALUES  IN  A  MATRIX, 
C  SET  JJ  TO  1  OR  2  BEFORE  CALLING  INVERS. 

C     JJ  =  1  IS  A  REQUEST  TO  COMPLEMENT  ALL  BUT  THE  PADDING  PIXELS. 
C     JJ  =  2  IS  A  REQUEST  TO  COMPLEMENT  ALL  PIXEL  VALUES. 


21 


C  PADDING  PIXELS  ARE  THE  BORDER  AND  PADDING  PIXELS  ADDED  DURING  SCANNING 

C  ON  THE  SCANDIG. 

C  IF  TASK  IS  DGNE,JJ  IS  RETURNED  AS  ZERO, 

C  IF  TASK  IS  MOT  DONE,  J J  IS  RETURNED  AS  A  NON-ZERO. 

C  CAUTION:  THIS  ROUTINE  EXPECTS  AN  EVEN  MULTIPLE  OF  i6-BIT  WORDS  .  .„ 

C  IN  EACH  LOGICAL  RECORD.   NBW  IS  USED  AS  A  CONSTANT  AND  AS  A  WARNING.  \t 


i« 


INTEGER  BUF(MXB) 

COMMON/H/IBP,NPX,NSL, NTH, INC, IXL,IYO,IYL, KIND 

NN-JJ 

NREC>1 
C  SET  DEFAULTS  FOR  COMPLeHENTING  ALL  VALUES, 

K»IVH.R 

IVAR»N8L 

KK«1 

IF<NN.EQ.8)  GO  TO  20i 
C  CALCULATE  MJHBER  OF  PADDING  PIXELS  AT  END  OF  EACH  LINE. 
C  RESET  DEFAULTS  TO  EXCLUDE  WORDS  WITH  ONLY  PADDING  PIXELS. 

UAR*<2««INC)»i2.5 

IV«(100I./VAR>*IYL 

IV«=<NPX-lV-i)»IBP 
X      WRITE(18,6232)1V,NPX,IULR,K,IYL,INC,N8L,VAI» 
X6232  F0RHAT('©INVERS»,7I6,F6.1) 

IF<1M.GE.32>  GO  TO  801 

IF(IV.LE.i<>)  GO  TO  101 

K-IWLR-1 

IV"IV-16 

101  IVAR»NSL-i 
KK«2 

C  PROCESS  EACH  R0U<1  ROW  PER  RECORD). 

201  DO  103  I»KK,IVAR 
IREC«I-i 

CALL  DSCRD(1CHD,IREC,NREC,BUF,MXB,IULR,KWIT) 
IF(KWIT.NE.O)  60  TO  990 

C  REVERSE  ALL  WORDS  CONTAINING  ANY  NON-PADDING  PIXELS. 

DO  102  J-1,K 
C  TWO'S  COHPLEHENT,  SO  

BUF<J)»-<BUF<J)> 
C  SUBTRACT  ONE  TO  OBTAIN  ONE'S  COMPLEMENT. 

BUF<J)-BUF(J>-1 

102  CONTINUE 
IF(NN.Ea.2)  GO  TO  203 

IF(IBP.EQ.l)  CO  TO  500 
C  RESTORE  0»CS  IN  PADDING  PIXELS  BECAUSE  PADDING  IS  SUPPOSED 
C  TO  BE  I'S  IP  IBP  EXCEEDS  1  (TO  SIMULATE  DENSE  BACKGROUND). 

DO  402  Jol.IBP 

CALL  ISET<BUF(1),NBW-J) 

402  CONTINUE 
DO  403  J»1,1V 
CALL  ISET(BUF(K> ,J-i) 

403  CONTINUE 
CO  TO  213 

STORE  ZEROES  IN  PADDING  PIXELS  BECAUSE  PADDING  SHOULD  HE  ZEROES 

C  IF  IBP  EQUALS  i  (TO  SIMULATE  THRESIIOLDED  DENSITIES). 
500  CALL  ICLR(BUF(i),i5) 
DO  202  J=1.IV 
CALL  ICLR(BUF(K),J-1) 

202  CONTINUE 

203  CALL  DSCWR(ICHD,IREC,NREC,BUF,MXB,IULR,KWIT) 
IF(KWIT,NE.O)  GO  TO  7*0 

103  CONTINUE 
GO  TO  990 

BOl  WRITE(10,e001)IV 
BOOi  FORMATCO' ,14,'  BITS  PADDING  AT  END  OF  SCAN  LINE,  TOO  MUCH!') 
990  JJ=«KWIT 

RETURN 

END 

P  IQ     FORTRAN  SubtOUtinG  LEDIT  ^^  record  (from  row  number)  is  read  into  core  and  the 

appropriate  bit  (from  column  number)  is  cleared  (deleted)  or 
set  (added).  The  corrected  record  is  written  back  in  place  on 

2.10.1 .  Problem  and  Solution  Method  disc.  For  a  line,  the  user  types  in  the  row  and  column  for  each 

A  binary  map  may  require  editing  to  add  or  delete  points  or         of  the  two  end  points .  It  does  not  matter  which  point  is  typed  in 

lines.  For  a  single  point,  the  user  types  in  the  row  and  column.         first.  An  array  of  points  is  constructed  to  approximate  the  line. 
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f  the  line  is  a  true  vertical  or  horizontal  line,  that  is,  the  end 
wints  have  the  same  row  or  column,  the  point  array  will  be 
)bvious  to  the  user.  If  the  line  has  a  slope  other  than  vertical  or 
lorizontal,  the  array  of  points  is  based  on  the  slope  and 
lirection  of  the  line.  The  resulting  line,  therefore,  may  not 
duplicate  exactly  an  existing  line  to  be  deleted.  This  may  not 
oe  important  if  the  resulting  data  will  be  processed  further  in 
the  WRIS  sytem.  A  gap  will  enable  the  WRIS  line-thinning 
routine  to  eliminate  the  line. 

2.10.2.  Input 

The  user  responds  to  console  prompts  for  yes  or  no,  row  or 
column  input. 

2.10.3.  Processing 

a.  Processing  logic.  The  x  and  y  values  of  the  end  points 
provide  the  slope  and  direction  of  the  line.  The  stepping  value 
is  set  to  plus-  or  minus- 1  accordingly.  The  slope  value  (<  1)  is 
used  to  increment  or  decrement  the  other  coordinate.  This 
jiprocess  results  in  the  array  of  coordinate  pairs  to  describe  a  line 
I  with  end  points  as  given. 

b.  Linkages.  LEDIT  is  called  by  LOOKED  and  calls 
YESNO,  INVAL,  MINO,  DSCRD,  ICLR,  ISET,  and 
DSCWR. 

c.  Variables  and  constants.  KK  =  1  for  deleting,  2  for 
adding  point(s).  JJ  =  2  or  4,  the  number  of  integers  expected 
for  one  or  two  points  in  INVAL.  IRISE  and  IRUN  are  the 


vertical  and  horizontal  vector  magnitudes  in  integer  format. 
RISE  and  RUN  are  the  same  values  in  floating-point  format. 
TANG  is  the  slope  of  the  line.  JJJ  =  column  indicator  (x 
value).  KKK  =  row  indicator  (y  value).  N  =  number  of 
correcting  points  in  the  array  IVAL.  VAR  and  J  are  used  in 
applying  the  slope  value  to  obtain  the  next  x  or  y  in  the 
constructed  line.  J  is  also  used  with  K  to  control  disk  I/O.  K, 
IV,  and  L  are  used  to  calculate  the  word  and  the  bit  within  the 
word  to  be  corrected. 

e.  Error  handling  provisions.  Point  coordinates  are 
checked  to  make  sure  they  fall  within  the  range  of  data.  If  data 
file  is  not  a  binary  map,  an  error  message  is  printed  and  control 
returns  to  calling  routine. 

f.  Restrictions  and  limitations.  Data  file  must  be  a  binary 
map  ( 1  bit  per  pixel) .  MXPX  is  the  maximum  number  of  points 
in  a  constructed  Une.  The  maximum  of  (RISE,  RUN),  there- 
fore, cannot  exceed  MXPX. 

2.10.4.  Output 

Corrected  data  is  written  in  place  on  disc.  Console  message 
confirms  line  correction. 

2.10.5.  Interfaces 

IVAL,  dimensioned  MXPX,  is  the  array  to  receive  the  x,  y 
coordinates  describing  a  point  or  line.  BUF,  dimensioned 
MXB,  is  used  for  I/O.  IWLR  is  the  logical  record  length. 
ICHD  is  channel  number  for  the  data  file. 


LEDIT 

COMPILER  NOSTACK 

SUBROUTINE  LEDIT  ( IVAL  ^^MXPX  . BUF  , MXB  ,  IWLR  ,  ICHD) 
ALLOWS  USER  TO  EDIT  A  BINARY  MAP  BY  SPECIFYING  ROW  AND  COLUMN  OF  POINT  TO 
BE  CHANGED.   LINES  CAN  BE  SPECIFED  BY  ENTERING  ONLY  THE  ROU  AND  COLUMN  FOR 
EACH  OF  THE  2  END  POINTS. 

INTEGER  IVAL(2,MXPX) ,BUF(HXB) 

COMMON/H/IBP,NPX,NSL,NTH,  INC , IXL , lYO, lYL ,K IND 
IFdBP.NE.l)  GO  TO  80 
5  CALL  YESNO(IANS,'EDITTING  -  ANY  DELETIONS' ,24) 
IF<IAN8.NE.l)  GO  TO  10 
KK  =  1 

CO  ro  20 

10  CALL  YESN0(1ANS,'EDITTING  -  ANY  ADDITIONS' ,24) 

IFdANS.NE.l)  CO  TO  90 

KK=2 
2iO    CALL   YESNO<  I ANS, 'SINGLE   POINT',  12) 

ZFdANS.NE.l)    GO   TO  25 

JJ-2 

CALL  INVAL ('TYPE  ROW  AND  COLUMN* ,19, IVAL, J J) 

N»l 

GO  TO  27 

25  CALL  YESN0(IANS,'LINC',4> 
IFdANS.NE.l)  GO  TO  S 

26  JJ=«4 

CALL  INWALCTYPE  FIRST  ROW  <b  COLUMN  AND  LAST  ROW  4  COLOHH' ,4S,IVM.,  JJ) 

27  K='JJ/2 

DO  29  J>1>K 
DO  28  I-l>2 
IF<IVAL<1,J>.LT,1)    GO   TO   82 

28  CONTINUE 

IFdVALd.J)  .GT.N8L)    GO   TO   82 
IFdVM.<2,J).6T.NPX>    GO    TO   82 

29  CONTINUE 
IF(JJ.Ea.2>  60  TO  61 
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C   BUILD  ARRAY   OF   INTERHEDIATE  POINTS. 

IR1SE-<IVAL(1,2)-1VAL«1,1))+1  Ol 

IRUN-(IVAL<2,2)-IVAL(2,l> )+l 

1F<IRISE.LT.1)    IRISE-IRlSE-2 

IF<1RUM.LT.1>    IRlJM«lRUN-2 

RISE«IRISE 

RUN-IRIM 

K*l 

JJJ»lVAL(2,i)  §[f 

KKK«IVAL(1,1> 
X  WRITE    <10,7e32)IRISE,lRUM,JJJ,KKK 

X7032  FORHAT(>OIRI8E,IRIIN,COL,RO«',4I7) 

1F(IAB9<1RI8E).GT.IABS<IRUN))    CO   TO   35 

N=>HIN0<IAB8(  IRUN)  ,NXf>X) 

IFdRUN.LT.O)    K=-l 

TANG»RI8E/ABS<RUN) 

DO   30    I-i,N 

VAR»I-1 

J>VAR«TANG 

J«KKK+J 

IVAL(1,I)»J 

IVAL<2,1>«JJJ 

JJJ=JJJ+K 
30   CONTINUE 

GO  TO  &1 
35    N=M1N0(IABS(1RISE) ,HXPX) 

IFdRISE.LT.O)    K^-i 

TANG=RUN/ABS<RISE) 

DO  37  I»1,N 

VAR=I-1 

J=VAR*TANC 

J=JJJ+J 

IVAL<2,I)=J 

IVAL(1,I)=KKK 

KKK=KKK+K 
37  CONTINUE 
C  APPLY  CORRECTION(S)  TO  DATA  FILE. 
61  1»« 

J=-l 

70  I=l+1 
K=IVAL<1,1)-1 
IF<J.EQ.K)  CO  TO  7i 
J-K 

NREC-i 

CALL  DSCRD(ICHD,J,NREC,BUF,MXB,IULR,KMIT) 
IF<KWIT.NE.O)  GO  TO  90 

X      WRITEdO, 7000)1, J, K 
X7000  FORMAT('0I,J,K',3I6) 

71  K»1VAL<2,I) 
IM=-(K*iS)/l6 
L*<IV«i6>-K 
IMAR-BUFdV) 
GO  TO  <72,74),KK 

72  CALL  ICLR(IVAR,L) 
GO  TO  79 

74  CALL  ISET(1VAR,L» 

79  BUF<IV)>IVAR 
CALL  DSCWR<ICHD,J,NREC,BUF,MXB,IMLR,KWIT) 
IFd.LT.N)  CO  TO  70  » 
IF<N.CT.l)  MRITE<10,1000)dyAL<I,l),I»l,2),(IVAL<I,N),I»l,2) 

1000  FORMATCOLINE  DATA  CORRECTED  FROM  ROW, IS,',  COLUMN' ,  15, 3X, » TO  ROM', 
IS,»,  COLUMN', IS) 
GO  TO  S 

80  TYPE  'THIS  IS  NOT  A  BINARY  MAP;  DO  NOT  TRY  TO  EDIT' 
GO  TO  90 

82  TYPE  'EDIT  PARAMETERS  OUTSIDE  OF  MAP  LIMITS' 

CO  TO  26 
90  RETURN 

END 
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2.11.  FORTRAN  Main  Program 
LOOKED 

2.11.1.  Problem  and  Solution  Method 

User  needs  a  method  of  viewing  selected  portions  of  data 
and  of  editing  data  if  necessary.  This  routine  processes  print 
requests  and  calls  an  editing  subprogram. 

2.11.2.  Input 

Program  accepts  yes  or  no  responses  and  integers  describing 
the  map  piece  to  be  printed  (row  and  column  limits). 

2.11.3.  Processing 

a.  Processing  logic.  Print  area  controls  are  set  according  to 
the  output  device  indicated  by  the  user.  Print  formats  are  set  at 
run  time  for  the  type  of  data  to  be  printed .  Lines  of  data  exactly 
[iduplicating  the  previous  print  line  can  be  ignored  at  user's 
loption.  Compact  printing  is  available  for  data  that  are  repre- 
sented by  1  symbol  per  pixel.  Column  headings  are  printed  at 
beginning  of  each  map  piece  printed.  Row  numbers  are  printed 
lat  left  edge  of  output  line. 

b.  Linkages.  LOOKED  calls  OPEN,  TIME,  DATE,  TPIN, 
YESNO,  INVAL,  MAXO,  MINO,  COZY,  OUTC,  CHARZ, 
DSCRD,  UNPAK,  LEDIT,  and  TPOUT. 

c.  Variables  and  constants.  Ill  =  0  if  repetitive  lines  are 
ignored,  I  if  repetitive  lines  are  to  be  printed.  KKK  is  the 


incremental  parameter  for  printing  the  column  headings.  IV  is 
the  remaining  number  of  rows  to  be  printed  in  one  piece.  I VAR 
is  the  width,  in  columns,  of  the  piece  to  be  printed.  K  is  the 
beginning  column.  KK  is  the  end  column.  It  is  also  used  to 
indicate  position  in  BUF.  JJJ  is  the  maximum  number  of 
records  that  can  be  contained  in  BUF.  NN  and  LL  indicate 
which  half  of  array  NPAKD  is  to  be  used .  J  J  and  L  count  1  -bits 
in  a  print  line.  The  remaining  variables  are  in  the  glossary. 

e.  Error  handling  provisions.  I/O  status  is  checked;  if 
error,  processing  stops.  First  and  last  row  and  column  values 
are  compared  for  reasonableness.  User  is  notified  of  error  and 
prompted  for  new  values.  Width  and  length  of  print  piece  are 
limited  to  device  capacity,  even  if  user's  request  is  greater. 

f.  Restrictions  and  limitations.  Program  sets  print  limits 
for  CRT  (72  columns,  22  rows),  wide-carriage  typewriter 
terminal  ( 120  columns,  unlimited  rows),  and  HP-2635A  (216 
columns  for  compact  printing ,  1 20  columns  for  standard  print- 
ing, unlimited  rows).  Logical  records  cannot  exceed  3000 
words  (MXB). 

2.11.4.  Output 

Prompts  are  typed  for  yes,  no,  or  integer  supplied  by  user. 
User-selected  map  piece  is  printed  on  output  device.  Edited 
output  is  discussed  in  2.10. ,  the  section  on  LEDIT. 

2.11.5.  Interfaces 

Common  block  /H/  is  shared  with  several  subprograms. 


MXHED==53  ,  ICHAN=0 


ALSO  EDIT  MATRIX  IF  THE 
TO  EXCEED  PRINT  LINE  WIDTH 
NOT  LIMITED  UNLESS  THE 


LOOKED 

COMPILER  NOSTACK 

PARAMETER  MXB=300 0 . ICHD-i 

PARAMETER  MXPX=2i 6 ,NBU=i6 
C  PRINTS  USER-SELECTED  PIECES  OF  A  MATRIX.   USER  CAN 
C  PIXELS  ARE  1  PIT  EACH.   PIECE  WIDTH  IS  NOT  ALLOWED 
C  OF  OUTPUT  DEVICE  (MXCOL).   PIECE  LENGTH  <MXROW)  IS 
C  DISPLAY  DEVICE  IS  A  CRT. 

C  MXCOL  IS  ALSO  USED  AS  A  SWITCH  TO  SfcLfcCT  STANDARD  OR  COMPACT  PRINTING. 
C  PRINTING  CAN  BE  SUPPRESSED  IK  L(NE  IS  IDENTICAL  TO  THE  PREVIOUS  LINE. 

INTEGER  JC0L(5)  ,  JUND(7) ,JDAI (8) 

INTEGER  IFC0L(5,3) ,IFUND<7,3) , IFDAT(8,4) 

INTEGER  IVAL(4) , NPAKD(MXPX , 2 ) , BUF (MXB) 

COMMON/ A/INH80 (3) 

INTEGER  IHED<MXHED) 

COMMON/H/IBP .NPX.NSL,NTH,INC,IXL,IYO,IYL .KIND 

DATA  IBL/'  V.IZL/'OV 

DATA  INH80/-i,2,40000K/ 

DATA  IPOS/IH'/.IDOT/IH./' 
C  FORMATS  FOR  COLUMN  HEADINGS. 

DATA  IFCOLd  ,1)/'  <  1  0  1 12)  '  /  ,  IFCOL<  1 ,2  >/ '  (3X,i5I8)  '/ 

DATA  IFC0L(1,3>/' (2X,20Ife) '/ 
C  FORMATS  FOR  HEADING  UNDERLINES. 

DATA  IFUND(l,i)/M9X,40<2X,Ai))  '/ ,  IFUND<  i  ,2)/ '  (7X  ,  30  (3X,  Al )  > '/ 

DATA  IFUND<l,3)/'(  7X,   l20Ai)V 
C  FORMATS  FOR  DATA  LINES. 

DATA  IFDAKl  ,1)/'(I5,4X,40I3)  '  /  ,  IFDAT<  1  ,  2)/ '  <  IS  ,2X  ,  3014) '/ 

DATA  IFDAT<i,3)/MIS,2X,120Al)'/,IFDAT(i,4)/'(IS,2X,i20Il)'/ 
C 

CALL  OPENdO, 'tTTO' ,INH80,IER) 

CALL  TIHE(IHED<48),IER) 

CALL  DATE<IHED<51) ,IER) 

WRlTE<10,5eOO)(IHED<I),1^48,S3) 
SO 0  0  FORMAT <  >OTIME=' ,3I3,6X, 'DATE=' , 13, ' i ' , 12 , ' !  ' , 12) 

CALL  TPIN<BUF,MXB,IHED,MXHED,IWLR,ICHAN,ICHD,KW1T) 

IF(KW1T.NE. 0)  GO  TO  99 
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IPU>NBW/IBP 

MXROU-B 

MXCOL-MXPX 

CALL  YESNO( JANS, 'WILL  DISPLAY  BE  ON  HP-2635A> ,27) 

IFdANS.NE.l)  GO  TO  4 

IF<KIND.EQ.2)  MXCOL=«120 

GO  TO  S 

4  HXCOL>120 

CALL  YESN0(1ANS,'WILL  DISPLAY  BE  ON  CRT' ,22) 

IFdANS.NE.l)  GO  TO  5 

MXR0U»22 

MXCOL-72 

5  III-O 

CALL  YESNOdANS, 'PRINT  REPETITIVE  LINES' ,22) 
IFdANS.EQ.  1)  III*:! 
GO  TO  (10, 20, 10), KIND 
C  BINARY  (OR  ONE  DIGIT  OR  SYMBOL  PER  PIXEL  SPACE), 
le  ND»3 
11  NC*3 
NU-3 

GO  TO  30 
C  GROUPED,  NUMERIC  VALUES,  UP  TO  3  DIGITS  PER  PIXEL  SPACE, 
20  ND"4 

IF(IBP.LT,4)  GO  TO  11 

IFdBP.GT.6)  GO  TO  2S 

NC"1 
NU-1 
ND>1 
KKK-4 

HXCOL-MXCOL/3 
GO  TO  30 
2S  KKK»2 

MXCOL-MXCOL/4 

NC«2 

NU«2 

ND-2 

30  IF(MXC0L.GT.132>  GO  TO  50 
C  SET  UP  FORMAT  STATEMENTS  FOR  STANDARD  PRINT  LINES. 
DO  4S  I>1,5 

45  JCOL(I>"IFC0L(I»NC) 
DO  46  1-1,7 

46  JtJm<X>-IFUW>(I>NU) 
DO  47  1-1,8 

47  JIMTCD-XFMTd^ND} 

SO  CALL  YESNOdANS, 'DISPLAY  A  MAP  SECTION', 21) 

IFdANS.NE.l)  GO  TO  71 
J-4 

CALL   XNMM.( 'FIRST  AND  LAST  ROU,    FIRST  ANB  LAST  COLUHNS    41,IVM.,J> 
IVAL<  1  >-HAXt  dVAL  (  i  )  ,  1 ) 
IVAL(3)-HM(t< IVAL(3) , 1 ) 
IVAL<2)-HimdVAL(2>  ,N8L) 
XVAL<4)-niNI<IVAL(4) ,NPX) 
IVAL(l)-IVAL<i)-i 
IV-IVAL(2)-IVAL<i) 
IF<IV.LT.l)   CO   TO  80 
IFCHXROW.CT.B)    IV>niN0dV,MXROW) 
I VAR-I VAL  (  4  )  - 1 VAL  ( 3  )<*^1 
K-IVM.(3) 

IVAM-IVAR^KKK-HODdVAR  ,KKK  ) 
I  VAR-HZNt  dVAR  ,MXCOL) 
IFCIVAR.LT.i)   60  TO  8t 
L-IVAR/KKK 
JJJ-KKK-1 
KK-XVAL<3)^IVAII-1 
NN-1 
LL-e 

IVAIt-HINB<lVAR,NPX) 
DO  ISO    I«1,IVAR 
150   NPAKDd, NN)-e 

PAUSE    'POSITION   PACE,    MIT   ANY   KEY' 
C  PRINT  COLUMN  HEADINGS  AND  UNDERLINE. 
IF(HXC0L.6T.132)   GO  TO  Si 
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C  STANDARD  SPACING. 

URITE(10,JCOL)(I,I-K,KK,KKK) 

yRITE(10,JUND>(IPOS,(IDOT,I»l,JJJ),J»l,L} 
60  TO  SS 
C  COHPACT  SPACINC 

51  J»6 

X     URITE(10,6000)J,K,KK,KKK 
XfrOtO  FORNAT('0J,K,KK,KKK',4I6> 

CALL  COZYd) 

CALL  DUTC(40K) 

CALL  OUTC<40K) 

DO  S2  I*K,KK,KK 

CALL  CHARZ(1,BUF,J> 

DO  52  11=1, J 

CALL  0UTC(BUF(1I)) 

52  CONTINUE 

CALL  0UTC<15K) 
CALL  0UTC<12K) 

X      WRITE(10,6001)(BUF<I),I=1,6) 

X6001  FORMATCOBUF  FROM  CHARZ',6017) 

C  TO  PRINT  UNDERLINE  TO  COLUMN  HEADINGS,  IN  COMPACTED  FORMAT. 

DO  152  1=1,7 
152  CALL  OUTC(40K) 

DO  53  J=1,L 

CALL  0UTC(47K) 

DO  53  1=1, JJJ 

CALL  0UTC<56K> 

53  CONTINUE 

CALL  0UTC<15K) 

CALL  0UTC(12K) 

CALL   C0ZY<2> 
C   PRINT    DATA   LINES. 
55    JJJ=MXB/IWLR 

NREC=MINO(JJJ,IV) 

I»1VAL(1) 

J»ICHD 

CALL   DSCRD(ICHD,IVAL(1>,NREC,BUF,MXB,IULR,KUIT> 

IF(KUIT.NE.O)    GO   TO    90 
X  URITE(10,7000)(BUF(I>,I=1,10) 

X7000    FORMATCOBUF    FROM    DISC',10OI8) 

DO   60    I=1,NREC 

NN=3-NN 

KK=(I-1)«IWLR-H 
X  WRITEdO, 7001)1, KK, IBP, K,IVAR 

X70  01    FORMAT (' 01, KK, IBP, K,IVAR', 517) 

CALL   UNPAK(IBP,BUF(KK>,NPAKD(1,NN),K,IVAR,IPU> 

IVAL(1)=IVAL<1)+1 

IF(KIND.NE.l)    GO    TO    258 

JJ=0 

DO   58    11=1, IVAR 

JJ=JJ+NPAKD(II,NN> 

IF<NPAKD(II,NN> . EQ . 0 )    NPAKDC II ,NN)=IBL 

IF(NPAKD(II,NN>.EQ.l)    NPAKD( II ,NN >=IZL 

58  CONTINUE 
IF<JJ.NE.L)  GO  TO  59 

258  IF(III.EQ.l)  GO  TO  59 
LL=3-NN 

DO  158  11=1, IVAR 
IF<NPAKD<II ,NN> .NE.NPAKD(II,LL)>  GO  TO  59 

158  CONTINUE 
GO  TO  60 

59  IF(MXC0L.GT.132)  GO  TO  159 
C  PRINT  LINE  IN  STANDARD  FORMAT. 

WR I TE< 1 0 , JDAT ) I VAL  < 1 ) , <  NP AKD ( 1 1 , NN) , 1 1=1 , 1 VAR ) 
GO  TO  259 
C  TO  PRINT  DATA  LINE  IN  COMPACTED  FORMAT. 

159  J=5 

CALL  C0ZY<1) 

CALL  CHARZdVALd)  ,BUF,J) 

DO  160  11=1, J 

CALL  0UTC(BUF(1I)) 

160  CONTINUE 

CALL  OU7C'40K) 
CALL  GUTC(40K) 
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L  =  0 

DO  161  11  =  1  ,IVAR 
IF(L.GE. J.n  GO  TO  261 
IF(NPAKI)(1  C  NN)  EQ  I/L)  CO    TO  26Q 
CALL  0UTC<4(;k> 
C(D  10  161 
CALL  0UTC(60K) 
L-L  +  1 
CONFINUe 
CALL  OUTCCISK) 
CALL  OUTC  (1  .?K  ) 
CALL  C0ZY<?) 
L=JJ 

CONTINUF 
lyalV-NREC 

IFdV.GT.O)  GO  TO  ^.S 
CAI I  ROUTINF  TO  KDTT  HINARY  MAP 
70  I  =  (MXE<-IWLR)/3 

CALL  LEDIT'BUF  (lWLR  +  1  )  ,  1  ,  f<llf  ,  hXI(  ,  [Wl  R.liHD^ 
CALL  YtSNO(  lANS  .  '  ARR  YUIJ  DONF  WITH  IHIG  MAP 
GO  TO  <V0 ,^0) ,]ANS 


260 

161 

261 


259 
60 


J6.' 


IN  MAP  PILCF  ^'ARAM^ n  F.» 


:  LRRORS. 

80  lYPE'ERROR 

GO  TO  SO 
90  CALL  TPOUT<t<UF,MXB,IWLR  ,  ICHAN,  K.HD, 
99  U)RITE(10,9900) 
9900  FORMAT (///////) 
STOP 
END 


!HED  MXHtD.KWlT^ 


2.12.  FORTRAN  Subroutine  MTREAD 

2.12.1.  Problem  and  Solution  Method 

The  various  activities  and  checks  required  for  tape  reading 
must  be  concentrated  into  one  general-purpose  program.  Sev- 
eral Data  General  system  routines  intended  for  fast,  direct 
reading  are  conveniently  grouped  into  a  utility  program. 

2.12.2.  Input 

Magnetic  tape  files  are  read  using  RDOS  direct,  free-format 
tape  I/O  programs. 

2.12.3.  Processing 

a.  Processing  logic. 

/.  General  logic.  A  detailed  opening  procedure  is  called  on 
the  first  use  of  the  subprogram.  On  subsequent  calls,  the  direct 
reading  proceeds  until  stopped  by  an  end-of-file  or  an  error 
condition . 

2.  Detailed  logic.  On  the  first  call  to  the  subprogram,  the 
DG  routine  INIT  performs  partial  initialization,  required  be- 
fore file  reference.  A  device  name  and  an  argument  for  indicat- 
ing error  conditions  are  supplied.  The  opening  procedure  is 
accomplished  with  a  call  to  another  DG  routine,  MTOPD. 
After  opening  and  on  subsequent  calls,  the  DG  free-format 
tape  reading  routine  MTDIO  is  called  to  read  data.  It  uses  the 
designated  channel,  and  reads  a  tape  file  until  the  end  of  a 
record  is  met.  The  number  of  words  read  into  the  array  receiv- 
ing the  data  (BUF)  is  returned  as  the  last  argument  (N). 

b.  Linkages.  The  subprogram  is  called  by  RDHED  and 
TPIN.  It  calls  DG  tape-handling  routines  INIT,  MTOPD,  and 
MTDIO.  It  uses  the  DG  lAND  function. 


c.  Variables  and  constants.  With  the  exceptions  listed 
below,  constants  and  variables  are  defined  once  in  the  glossary 
to  avoid  redundancy.  BUF  is  an  array  for  I/O.  Its  dimension,  i 
MXB,  should  be  at  least  4095,  the  maximum  DG  tape  record  ' 
length.  ICHAN  =  0,  a  tape  channel  selected  for  this  system. 
KWIT  =  0  if  no  problem,  1  for  tape  EOF,  2  for  tape  opening  or 
read  error.  MTOP  =  0  if  file  is  not  open,  1  if  file  is  open. 

e.  Error  handling  provisions.  An  error  may  be  detected  in 
any  one  of  three  DG  routines  called.  An  error  during  directory 
initialization  (INIT)  or  opening  a  magnetic  tape  unit  will  cause 
the  message  "MTOPD  error"  to  be  printed  with  the  error 
code.  An  error  after  calling  the  third,  free-format  reading 
routine  (MTDIO),  causes  one  of  two  actions.  A  test  is  made  for 
an  end-of-file  and  if  found,  file  is  closed  and  control  returns  to 
the  calling  program.  Otherwise,  a  tape  reading  error  message 
is  printed  with  a  status  code,  then  control  returns  to  caller. 

f.  Restrictions  and  limitations.  The  name  of  the  directory 
file  and  the  magnetic  tape  channel  number  may  vary  at  each 
instaltation.  DG  tape  records  cannot  exceed  4095  words. 

2.12.4.  Output 

Error  messages  are  output  to  the  console. 

2.12.5.  Interfaces 

This  routine  returns  a  tape  record  in  BUF.  It  receives  status 
and  error  messages  from  DG  routines.  The  program  also 
returns  I/O  status  via  the  argument  KWIT. 

2.12.7.  Run  Description 

Subprogram  is  to  be  located  with  calling  routines  and 
FORTRAN  library.  In  the  event  of  errors,  codes  will  permit 
reference  to  explanations  in  Data  General  manuals. 
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MTREAD 
COHPILER  NOSTACK 
SUBROUT I NE  MTREAD ( I CHAN , BUF , MXB . K W 1 T , N ) 
RDOS  DIRECT  BLOCK  TAPE  READ 
MT  9  DEC  77.  REMISED  FEB  78  ( J . DYE ) 

BUF  =  ARRAY  TO  RECEIVE  DATA,  LENGTH  MXB 

N  RETURNS  THE  NUMBER  OF  WORDS  ACTUALLY  READ. 

KWIT  IS  RETURNED  AS: 

0  -  ALL  OK 

i  -  TAPE  EOF 

2  -  TAPE  READ  OR  OPEN  ERR 


USES  CHANNEL  ICHAN,  OPENS  TO  FIRST  FILE  ON  TAPE, 
INTEGER  BUF(MXB) 
C  MASK  TO  CHECK  FOR  EOF. 

DATA  MTEND/400K/ 
C  INDICATOR  FOR  TAPE  CHANNEL  OPEN. 

DATA  MTOP/0/ 
X      URITE(iO,6666) 
X6666  FORMAT ( 'CENTERING  HTREAD') 
KWIT=0 

IF(MTOP  .GT.  0)  GOTO  i 
C   OPEN  <0N  FIRST  CALL) 

CALL  INIT("MTO",0,IER) 
CALL  MTOPD(ICHAN,"MT0:0",0,IER) 
IFdER  .NE.  i)  GOTO  99 
MT0P=1 
C 
C   READ 

1    CALL  MTDI0(ICHAN,MXB,BUF,ISTA,1ER,N) 
X      WRITE(10,8889)ISTA,IER 
X8889  FORMAT('0ISTA,IER',OI8,I4) 

IFdER.EQ.l)  RETURN 
C  TEST  FOR  EOF, 

IF<IAND(ISTA,MTEND) .EQ.O)  GO  TO  8 

KWIT=1 

RETURN 


ERROR  CONDITIONS. 


8  KWIT=2 

URITE<10,10)  ISTA 
10    FORMAT</"  ««Tape  read  err,  status 
URITE(10,iOOO>IER 
1000  FORMATC  IER=',1^> 
RETURN 


>",0I6/) 


OPEN    ERROR. 
99    URITE(1I,11)IER 
11    FORMAT</"    «»MTOPD    error 

KWIT=2 

RETURN 

END 


,13/) 


2.13.  FORTRAN  Subroutine  MTWRIT 

2.13.1.  Problem  and  Solution  Method 

Data  in  a  buffer  are  to  be  written  on  magnetic  tape.  This 
procedure  provides  the  controls  and  status  checks  to  write  each 
record  on  tape.  User  types  an  integer  in  response  to  prompt  for 
number  of  tape  files  to  skip.  User  also  types  "yes"  or  "no"  to 
signal  that  tape  is  ready. 

2.13.3.  Processing 

a.  Processing  logic.  The  output  file  is  initialized  by  DG 
routine  INIT  and  opened  by  DG  routine  MTOPD.  KWIT 
(furnished  by  caller)  indicates  whether  to  call  INIT  and 
MTOPD.  The  file  name  and  data  channel  are  defined  in  the 


program.  Data  files  already  on  the  tape  can  be  skipped.  Each 
record  is  written  rapidly  by  using  DG  routine  MTDIO  for 
free-format  I/O.  When  all  records  have  been  copied,  caller  can 
initiate  two  EOF's  and  tape  rewind. 

b.  Linkages.  The  subprogram  is  called  by  TPOUT.  It  calls 
DG  subroutines  INIT,  MTOPD,  MTDIO,  and  ITEST.  It  calls 
PSW  subroutine  YESNO. 

c.  Variables  and  constants.  Refer  to  the  glossary  for  vari- 
ables not  described  here.  L  =  number  of  tape  files  to  skip. 
LF=  condition  of  a  specified  bit  in  the  I/O  status  word.  IV  is 
the  command  word  for  writing  the  record  on  tape. 

e.  Error  handling  provisions.  Error  conditions  can  arise 
during  the  use  of  the  DG  routines  INIT,  MTOPD,  and 
MTDIO.  The  error  is  not  described  in  detail  but  a  code  is 
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printed  for  which  a  definition  can  be  found  in  the  system 
manuals. 

f.  Restrictions  and  limitations.  Directory  name  and  tape 
channel  number  may  vary  by  system  installation.  JWPR  can- 
not exceed  4095  words  on  DG. 

2.13.4.  Output 

Outputs  JWPR  words  of  data  in  a  physical  record  to  mag- 
netic tape  at  each  call.  Furnishes  I/O  error  messages  on  con- 
sole. 


2.13.5.  Interfaces 

Receives  I/O  status  and  error  messages  from  DG  routines 
KWIT,  supplied  by  caller,  is  set  to  I  for  using  INIT  an 
MTOPD,  0  for  writing  data  on  tape,  2  to  write  2  EOF' s  an 
rewind  tape.  KWIT,  returned  by  MTWRIT,  indicates  sue 
cessful  write  (  =  0)  or  error  (  =  1). 

2.13.7.  Run  Description 

Locate  this  subprogram  in  the  appropriate  directory  alon 
with  FORTRAN  library  routines. 


COMPILER  NOSTACK 

SUBROUTINE  MTWR IT ( ICHAN , BUF , MXP , JUPR ,KWIT> 
WRITES  A  RECORD  ON  TAPE,  OPENING  FILE  FIRST  IF  NECESSARY 
ALSO  WRITES  DOUBLE  EOF,  REWINDS,  AND  CLOSES  FILE. 
JWPR  WORDS  OF  DATA  ARE  COPIED  TO  TAPE  FROH  ARRAY  BUF  . 
LISER  SETS  KWIT  BEFORE  CALLING  MTURIT: 

KWIT  =  -i  Oh!    i-TRST  CALL  TO  OPEN  FILE  IF  NECESSARY. 
KWIl  =  0  ON  ALL  CAl  LS  TO  WRITE  DATA  ON  TAPE. 
KWIT  =  -2  ON  CALL  TO  WRITE  EOF'S  AND  CLOSE  FILE. 
AFTER  EACH  CALL,  KWIT  IS  RETURNED:  0  =  SUCCESSFUL  CALL 

i  =  ERROR 


INTEGER  BUF(MXB) 

LOGICAL  LJ,  I  TEST 

DATA  fITEOF  ,MTREU  .MrWK  ,  hITSKP /60  0  0  OK  .10000K,50000K,30000K/ 
X      WRITE<iO,6666) 
X6666  rORMAT(  'OENTERING  HTWRIT'> 

ir(KWIT .GE .0)  GO  TO  1? 

IF (KWIT .EG.  -2)  GO  TO  90  0 
C  INIT  AND  OPEN  TAPE  FILE. 

S  CALL  INIT(  hTO • ,0 ,1ER) 

IF( lER .NE. r  AND.  rrR .NE. 40)  GO  TO  809 

CALL  MTOPDC "CHAN  ,  'Mtq  ;  0  '  ,  0 , lER  ) 

IFdER  .NE.  i  ^  GO  TO  801 

ACCEPT  -SKIP  MOW  MANY  FILES  (99  WILL  ABORT  .toB)',L 

IF(L.LE.n>  GO  TO  18 

IF(L,EQ.99''  STOP 

DO  8  1=1, L 

II-=T-i 

CALL  MTDIO( ]CHAN,MtsKP ,BUF , ISTA,IER) 

LJ=ITEST(.  ISTA,  iS) 

IF(LJ.EQ.  0:»  GO  10  8 

LJ=ITrsT(ISTA  .S:* 

IF(LJ.GE.O>    GO    TO    802 
g    CONTINUE 
C 
C    WRl  rc    A    RECCED. 

18  CAl  L    YESNOdANS,  'READY'  ,S"i 
IF(  lANS.NE.l >     GO    TO    S 

19  IV=TUPR+MTWR 

CALL    ^1TPI0':ICHAN,IV,PUF,1STA,IER) 

IFdER  .NE.  '  :>    GO    TO    803 

KUlT=o 

f^ETURI 
C 
C    WRITE    EO!-  '5,     REWIND.     CLOSE    FILE 

■no    CALL    MTDIOdCHAN,MTroF,PUF  ,  ISTA.IER) 

IF^ lER .NE. 1)    GO    TO    803 

CALL  HTDIO( ICHAN ,MTEOF ,BUF . ISTA , lER  ^ 

IFdER  .NE.i  )  GO  TO  B03 

CALL  MTDIOdCHAN,  MTREW  ,  BUF  ,  ISTA  ,  lER  ) 

IF( TER .NE. 1)  GO  TO  803 

KWIT-0 

RETURN 

n 

C  ERROR  CONDITIONS. 

800  WRITE(10,8nOO)IE« 
BOOO  FORMATCOTAPE  INIT  ERROR', 16) 
GO  TO  890 
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801  URITLCiO ,800i)IER 

8001  FORMAK 'OHTOPD  ERROR', 16) 
GO  TO  890 

802  TYPE  'ERROR  AFTER  FILE  NO' 
GO  TO  890 

803  WRITE<iO,8003)IER 

B003  FORMAT( 'OMTDIO  ERROR', IS) 
8V0  KUIT=1 
RETURN 
END 


II 


2.14.  Assembly  Subroutine  OUTC 

2.14.1.  Problem  and  Solution  Method 

An  essential  feature  of  a  system  that  includes  data  display  is 
the  ability  to  transmit  individual  characters  to  the  output  de- 
vice. This  routine  interfaces  with  DG  systems  to  output  a 
character. 

2.14.3.  Processing 
b.  Linkages.  OUTC  is  called  by  COZY  and  LOOKED. 


c.  Variables  and  constants.  CHAR  =  stack  location  of 
first  (and  only)  argument. 

2.14.4.  Output 

One  character  is  transmitted  to  the  output  device.  It  can  be  a 
character  to  be  printed  or  a  control  character,  such  as 
backspace  or  linefeed. 

2.14.5.  Interfaces 

The  only  argument  is  the  character  in  ASCII  code  for  the  DG 
system. 
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END 


2.15.  FORTRAN  Subroutine  PAK 

2.15.1.  Problem  and  Solution  Method 

Whenever  practical,  data  should  be  stored  ia packed  form. 
This  routine  packs  integer  numbers  (representing  pixels)  into 
an  array  according  to  the  number  of  bits  per  pixel. 

2.15.3.  Processing 

a.  Processing  logic.  Caller  gives  (J)  the  relative  position  to 
start  in  the  packed  array,  (KK)  the  number  of  elements  per 
packed  word,  and  (JBP)  the  number  of  bits  per  element.  From 


these  values,  the  subroutine  calculates  the  beginning  word 
position  in  the  packed  array  (BUF),  and  the  beginning  bit 
position  within  that  word.  An  outer  DO-loop  is  based  on  N,  the 
number  of  elements  to  be  packed.  Within  this  loop  the  packed 
word  position  is  incremented  as  needed  and  the  starting  bit 
position  is  initialized.  An  inner  DO-loop,  based  on  JBP,  tests 
each  bit  of  the  incoming  data  element  and  sets  or  clears  the  bit 
accordingly. 

b.  Linkages.  PAK  is  called  by  SLICE  and  FREAK  and  uses 
DG  subprograms  ITEST,  ICLR,  and  ISET. 
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c.  Variables  and  constants.  IV  indicates  the  word  of  the 
packed  array  currently  receiving  data.  K  indicates  the  starting 
bit  position  for  the  current  packed  data  element.  JJ  indicates 
the  current  bit  being  set  or  cleared  in  the  packed  array.  II 


indicates  the  current  bit  being  tested  in  the  incoming  element 

2.15.5.  Interfaces 

Refer  to  section  2. 1 5. 3. a. 


PAK 

COMPILER  NOSTACK 

SUBROUTINE  PAK ( JBP ,BUF ,NPAKD, J ,N ,KK ) 
C  PACKS  N  INTEGER  VALUES  OF  JBP  BITS  EACH  INTO  ARRAY  BUF ,  STARTING  AT 
C  THE  JTH  POSITION  IN  BUF.   VALUES  ARE  TAKEN  FROM  ARRAY  NPAKD  (ONE  PER  WORD) 
C  KK  =  THE  NUMBER  OF  VALUES  PER  WORD  OF  ARRAY  BUF, 
C  ANY  UNUSED  BITS  IN  EACH  WORD  OF  BUF  ARE  THE  LEFT  (HIGH-ORDER)  BITS, 

INTEGER  BUF(1),NPAKD(1) 

LOGICAL  ITEST,LJ 

IV=(J+KK-i)/KK 

K=JBP*(IV«KK-J) 

DO  40  1=1, N 

JJ=K 

DO  31  L=1,JBP 

II=L-1 

CALL  ICLR(BUF(IV),JJ) 

LJ=(ITEST(NPAKD(I ) ,11) ) 

IF(LJ,EQ.-i)  CALL  ISET(BUF( IV) , JJ) 

JJ=JJ+1 
31  CONTINUE 

IF(K,GT,0)  GO  TO  35 

K=KK«JBP 

IV=IV+i 
35  K=K-JBP 
40  CONTINUE 

RETURN 

END 


2,1S.  FORTRAN  Subroutine  RDHED 

2.16.1.  Problem  and  Solution  Method 

a.  Problem.  The  Scandig  system  can  produce  multiple  files 
of  raster-scanned  data  on  magnetic  tape.  An  interactive  search 
procedure  is  needed  to  find  the  desired  file  for  further  process- 
ing. Parameters  describing  the  file  are  also  needed. 

b.  Solution  method.  Each  scanner  tape  file  is  identified  by 
a  descriptive  header  record.  The  user  finds  the  desired  file 
interactively,  reading  header  records  and  skipping  over  un- 
needed  files. 

c.  Alternative  solution.  Another  choice  is  to  read  the 
header  from  disc  if  the  desired  data  are  available  there. 

2.16.2.  Input 

User  supplies  an  integer  value  for  the  number  of  files  to 
skip.  Value  can  be  zero. 

2.16.3.  Processing. 

a.  Processing  logic.  This  routine  controls  the  reading  of  a 
header  record  from  tape  or  disc.  The  information  contained 
therein  is  deciphered  and  displayed  to  the  user  with  a  prompt. 
If  tape  files,  the  user  can  specify  the  necessary  number  of  tape 
files  to  space  forward  to  reach  the  desired  data. 


b.  Linkages.  The  routine  is  called  by  TPIN  and,  in  turn, 
calls  YESNO,  DSCRD,  MTREAD,  MTDIO,  ICONV,  and 
logical  function  ITEST. 

c.  Variables  and  constants.  IV AR  =  record  length  ex- 
pected from  a  tape  or  disc  read.  NN  =  number  of  ASCII 
character  positions  assigned  to  each  integer  value  in  the  header 
record.  IV  =  number  of  tape  files  to  skip. 

e.  Error  handling  provisions.  In  addition  to  the  normal 
check  of  I/O  error  status,  several  likely  mistakes  are  antici- 
pated and  corrective  action  defined.  These  errors  are  in  tape 
header  length,  type  of  file,  or  positioning  resulting  from  skip- 
ping too  many  files. 

f.  Restrictions  and  limitations.  Tape  files  are  skipped  over 
in  a  forward  direction  only.  Backspacing  is  judged  unneces- 
sary .  The  user  can  restart  if  the  wrong  number  of  skips  is  made. 

2.16.4.  Output 

The  contents  of  the  desired  file  header  record  are  printed. 

2.16.5.  Interfaces 

ICH  is  furnished  by  caller.  Common  block  /H/,  array 
IHED,  and  KWIT  are  passed  to  caller.  KWIT  is  returned  from 
calls  to  DSCRD,  MTREAD,  and  ICONV. 

2.16.7.  Run  Description 

This  subroutine  returns  to  calling  program  for  run  control. 


RDHED 

COMPILER  NOSTACK 
PARAMETER  MXSCN=4fe,  ICHAN=0 

SUBROUTINE  RDHED ( ICH, IHED ,MXHED , KWIT ) 
FROM  TAPE  OR  DISC,  READS  HEADER  RECORD  AND  DISPLAYS  CONTENTS. 
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IF  INPUT  IS  FROM  TAPE,  SKIPS  FILES  AS  DIRECTED. 
CONVERTS  HEADER  INFO  AND  STORES  IN  COMMON/H/ . 
*Mt«   12  DEC  77,  REVISED  MARCH,  JULY,  AND  SEPT.  1978,  BY  J, 

LOGICAL  LJ,ITLST 
INTEGER  IHED<MXHED) 

COMMON/H/IBP ,NPX ,NSL , NTH , INC , IXL , I YO , lYL ,K IND 
DATA  MTSKP/JOOOOK/ 
DATA  IZ2/2H00/ 


DYE 


KIND=0 
C   READ  HEADER 

IVAR=MXHED 

IFdCH.GT.ICHAN)    GO    TO    4 

CALL    YESNOdANS, 'EXPANDED    HEADER    RECORD', 22> 
IF(IANS.NE.l)    IVAR=MXSCN 
GO  TO    5 

4  IREC=0 
NREC=1 

CALL  DSCRD ( ICH , IREC , NREC , IHED , MXHED , I VAR , KWIT ) 
IFCKUIT.NE.O)  GO  TO  899 
KIND=IHED(47) 
GO  TO  10 

5  CALL  MTREADCICH, IHED, IVAR, KWIT, lUPR) 
L=MXHED 

X      WR ITE< 10, 5005)L, ICH, KWIT, IWPR,< IHED (I ),I=i, MXHED) 
X5005  FORMAT( 'ORDHED' ,416,6<//9<017) ) ) 

IF(KWIT  .NE.  0)  GO  TO  899 
C 
CCHECK  BEGINS  '0000" 

IFdHEDd)  .NE.  IZZ  .OR.  IHED(2)  . NE .  IZZ)  GOTO  802 
10  WRITE(10,1011) 

1011    FORMATC//"  Scandlg  tape  header  record"/ 
^   »  -) 

C   NOW  DECODE  AND  DISPLAY  FIELDS 
NN=4 
KWIT=0 

CALL  IC0NVdHED(3)  , MXHED,  ISEQ,NN, KWIT, -Sequence     ") 
WRITE (10, 1012) (IHED(K),K=5, 28) 


CC 
1012 


FORMAT ( 


Foresi ;  " ; 
CALL  IC0NV<IHED(29) 
ICONVdHEDOl) 
IC0NV;dHED(33) 
IC0NVdHED(35) 
IC0NVdHED(37) 
IC0NVdHED<39> 
IC0NVdHED(41) 
IC0NVdHED(43) 
IC0NVdHED(45) 
URITE(10,1014) 

1014  FORMATC 

IF(KIND.EQ.O)  GO  TO  1 
TYPE  'KIND  OF  FILE  = 
WRITE  <10,2BOO)(IHED( 
2000  FORMATCOWRITTEN' ,13, 


CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 


12A2/"  Layer:  ",12A2) 

, MXHED, IMAP,NN, KWIT, -Hap 

, MXHED, IBP ,NN, KWIT, "Bits/Pixel 

, MXHED, NPX,NN, KWIT, -Pixels/line 

, MXHED, NSL,NN, KWIT, -Scan  lines 

, MXHED, NTH, NN, KWIT, -Threshold 

, MXHED, INC, NN, KWIT, -Increnent 

, MXHED, IXL, NN, KWIT, -X  Length  nn 

,MXHED,IYO,NN,KWIT,-Y  Offset  nn 

, MXHED, lYL, NN, KWIT, -Y  Length  «« 


■//) 


',KIND 

I), 1=48, 53) 

' : ' ,12,' ; ',I2,4X,3I3) 


GO  TO  12 

11  KIMD=1 
IFdBP.GT.l)  KIND=2 
IF(NTH.EQ.O.AND.IBP .EQ.8)  K [ND=3 

C  IS  THIS  THE  DESIRED  TAPE  AND/OR  FILE? 

12  IF(ICH.NE.O)  GO  TO  990 

ACCEPT'SKIP  HOW  MANY  TAPE  FILES?  <99  WILL  ABORT  JOB):  ',IV 
IFdV.EQ.O)  GO  TO  990 
IF(IV.EQ.99)  STOP 
TYPE  'ICH', ICH 
DO  15  1=1, IV 

CALL  MTDIO( ICH , MTSKP , IHED , ISTA , lER ) 
LJ=ITESTdSTA,15) 
IF(LJ.EQ.O)  GO  TO  iS 
LJ=ITESTdSTA,8) 
IF(LJ.GE.O)  GO  TO  803 
15  CONTINUE 
GO  TO  5 
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c 
c 

C    ERROR    CONDITIONS. 

C 

C 

C  TAPE  HEADER  RECORD  ERROR  . 

802  gRITE(iO,8002)IHED(i),IHED(2),IUPR 

8002  FORMATCOHEADER  BEGINS  (OCTAL)  '  ,2018 , 
GO  TO  899 

C  TAPE  POSITION  ERROR. 

803  WRITE(16,8003)ISTA,IER 

8003  FORMATCOTAPE  POSITIONING  ERROR,  STATUS  AND  ERROR=' ,018, 14) 
899  KWIT=1 

990  RETURN 
l£ND 


CONTAINS', 16,'  WORDS') 


2.17.  FORTRAN  Main  Program  SLICE 

2.17.1.  Problem  and  Solution  Method 

Density  values  in  a  Scandig-produced  file  may  range  from  0 
through  255.  Data  is  combined  into  fewer  groups  according  to 
user  specifications  of  group  edges  and  number. 

2.17.2.  Input 

Optional  input  from  console  includes  low  and  high  observa- 
tions, number  of  groups,  group  lower  edge  values,  and  sym- 
bols for  representing  the  groups  for  graphic  display. 

2.17.3.  Processing 

a.  Processing  logic.  Header  record  and  data  are  copied  to 
disc  if  not  already  there.  Header  record  contains  parameters  for 
calculating  default  values  for  group  edges  (IEEXjE)  and  high 
observation  (IGH).  Defaults  are  also  set  for  low  observation 
(LOW),  the  number  of  groups  (NG),  group  low  edge  values, 
and  group  symbols  (ISYM).  User  is  prompted  for  optional 
values  to  replace  the  defaults  of  any  of  these  parameters.  For 
only  two  groups  of  data,  the  low  edge  of  the  second  group  is 
either  the  default — Mode  (NTH)  divided  by  2 — or  user- 
specified.  For  more  than  two  groups,  low  edges  are  based  on 
range  and  number  of  groups.  For  graphic  display,  data  can  be 
represented  by  group  number  or  a  symbol  representing  the 
group.  If  the  number  of  groups,  NG,  is  less  than  eleven,  the 
default  symbols  are  single  digits  from  zero  to  NG.  If  the 
number  of  groups  exceeds  ten,  default  symbols  are  assigned 
sequentially,  starting  at  ASCII  code  32  and  ending  at  ASCII 
code  95,  for  a  maximum  of  64.  The  maximum  number  of  bits 
per  data  element  (JBP)  is  calculated  from  the  number  of 
groups.  In  turn,  the  number  of  data  elements  per  word  (JPW), 
the  output  logical  record  length  (JWLR),  and  the  bytes  per 
record  (IV)  are  calculated.  A  new  disc  file  is  initialized  and 
opened  to  receive  the  reduced  data.  Each  data  record  is  copied 
from  disc  to  core  and  unpacked,  1  data  element  per  word.  Each 


data  element  is  replaced  by  the  group  number  corresponding  1 
its  value  or  by  a  symbol  if  one  is  to  be  used.  Data  is  repackec 
padded  if  necessary  to  a  multiple  of  32  bits  in  the  record,  an 
copied  to  disc.  Header  record  is  corrected  to  show  any  chang" 
in  the  number  of  data  elements  per  record  (NPX) .  The  origins 
file  is  closed  so  it  can  be  reopened  with  the  new  record  length 
If  the  reduced  data  are  binary,  bit  values  are  complemented  s 
lines  are  represented  by  1-bits.  The  reduced  data  are  copied  t 
the  original  file  area  for  use  by  another  program,  or  for  copy  t 
tape. 

b.  Linkages.  SLICE  calls  OPEN,  TIME,  DATE,  TPIN 
YESNO,  INVAL,  INIT,  DSCRD,  UNPAK,  HEW,  PAK| 
DSCWR,  FSTAT,  CLOSE,  DFILW,  IN  VERS,  TPOUT,  an<l| 
RESET.  It  uses  subfunctions  MAXO,  MINO,  and  MOD. 

c.  Variables  and  constants.  VAR  =  width  of  one  grouj 
(RANGE/NG).  IVAR  is  the  ASCII  code  or  character  used  fo 
possible  padding  of  records.  The  remainder  are  defined  ii 
section  2.17 .3a  or  the  glossary. 

e.  Error  handling  provisions.  I/O  errors  result  in  progran 
termination.  If  input  file  is  a  binary  map  file,  an  error  message 
is  printed  and  program  stops.  If  input  record  length  exceed; 
program  array,  error  message  is  printed  and  program  stops.  1 
user-furnished  grouping  parameters  exceed  array  capacity  oi 
are  inconsistent,  error  message  is  printed,  and  user  is  giver 
choice  of  stopping  or  furnishing  new  parameters.  LOW  is  noij' 
allowed  to  be  less  than  zero;  IGH  is  not  allowed  to  be  greatei 
than  (2**1BP)-1.  NG  cannot  exceed  2**MXBT  (currently 
64). 

f.  Restrictions  and  limitations.  Array  dimensions  ma> 
need  to  be  increased  for  larger  records. 

2.17.4.  Output 

Numerous  prompting  and  error  messages  may  be  printed  on 
console.  Reduced  data  are  placed  in  original  file  for  further 
use. 


(;?**iBP)  -1 


SLICE 
C  MAIN  ROUTINE  FOR  DATA  REDUCTION  ACCORDING  TO  DEFAULT  OR  I ISER --SELECTED 
C  PARAMETERS.   NUMBER  OF  GROUPS  (NG)  CAN  VARY  FROM  2  TO  MXG  (64).   DEFAULT 
C  IS  iO.   LOW  VALUE  DEFAULT  IS  0,  HIGH  VALUE  DEFAULT  IS 
C  NG  CANNOT  EXCEED  RANGE, 

COMPILER  NOSTACK 

PARAMETER  MXHED=53 , ICHAN=0 

PARAMETER  MXG=64  ,MXBT  =  6  ,  ICHD=i  ,  ICH2-S  ,  MXPX  =4;?0  0 

PARAMETER  MXB  =  30  0  0  .  NBW  •=  16 
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INTEGER  IHED(MXHED) ,IEDQE(MXG) ,ISYM(MXG) 
INTEGER  BUF(MXPX) 
COMMON/A/INH80(3) 

COMMON/H/I&P  ,NPX ,N5L ,NTH . INC , IXL , I YO , I YL ,K IND 
DATA  INH80/-1  ,2,40000K/ 
DATA  MASK8/i77K/ 
C 

CALL  OPEN( 10 , '$TTO' ,INH80,IER) 
CALL  TIME(IHED(48) ,IER) 
CALL  DATE<IHED(51) ,IER) 
WRITEC  10,5000  )(IHED(  I)  ,1=^48,53) 
SO  0  0  FOR MAT ( '0T1ME='  ,3I3,6X,'DATE=',I3,';',I2,';',I2) 

CALL  TPIN(BUF,MXEi,IHED,MXHED,IWLR,ICHAN,ICHD,KWIT) 
IF(KWIT.NE. 0 )  GO  TO  990 
IF( IBP.EQ. 1)  GO  TO  800 
IFCNPX.GT .HXPX)  GO  TO  801 

C  SET  DEFAULTS  FOR  NUMBER  OF  GROUPS,  HIGH  AND  LOU  yALUE9. 

8  LOW=0 

[J  IGH=(2*»IBP)-1 

NG  =  iO 

CALL    YESNOCIANS, 'USE    DEFAULT    LOU    AND    HIGH    OBSER VAT  IONS ' , 37 ) 
IJf  IFdANS.EQ.  1)     i;0    TO   9 

J  =  0 

N=2 

CALL    INMAL( J , J,BUF,N) 

LOW=MAX0(LOU,BUF(  1 ) ) 

1CH^MIN0( IGH,&UF(2) ) 

9  RANGE=IGH-L0W+1 
CALL    YESNOdANS,  MJSE    DEFAULT    FOR    NUMBER    OF    GROUPS', 33) 
IF< lANS.EQ. 1 )    GO    TO    11 
N=l 
J-0 
CALL    INVAL< J  ,  J,NG,N) 

11  IF(NG.GT.MXG)    GO    TO    803 
IF(NG.GT, IFIX(RANGE) )     GO    TO    803 
IF(NG,LE.  1)     GO    TO    fl03 

C  SET  GROUP  EDGES. 

iEDGE( i)-LOU 

[ifDGE<2)-NrH/2 

CALL    YESNO< lANS, 'USE    DEFAULT    GROUP    EDGES ',23) 

IF( lANS.EQ, i)    GO     TO    12 

J  =  37 

N-=NG-i 

CALL  INVALC 'LOWER  EDGE  OF  EACH  GROUP  EXCEPT  FIRST' , J , IEDGE( 2 ) ,N) 

GO  70  14 

12  IJAR  =RANGE/NG 
J-2 

IF(NG.LE.J)  GO  TO  14 
DO  13  1=2, NG 
IEDGE(I)=IEDGE(1 )+(I-i)*VAR 

13  CONTINUE 

14  WRITF(  1  0  ,200(1  )LnU  ,  IGH  ,NG 

20  0  0  FORMAT ( '0LOW=' ,I4,3X, 'HIGH=' ,I4,3X, 'NO.GROUPS=' ,13) 

URITE(iO,200i)(IEDGE(I) ,I=i,NG) 
2001  FORMAT ( 'OGROUP  EDGES :', 4(/ , 1  OX , 1615) ) 

IF(:ZDGE(2) .GT.IGH)  GO  TO  803 

IF(IEDGE(NG) .LE.LOU)  GO  TO  803 

DO  213  1=2, NG 

IFdEDGEd)  .LE,  IEDGE<I-i>)  GO  TO  803 
213  CONTINUE 

CALL  YESNOdANS, 'PARAMETERS  OKAY',  15) 

IFdANS.NE.  1)  GO  TO  8 

CALL  YESNOdANS, 'USE  GROUP  SYMBOLS', 17) 

IFdANS.NE.  i>  GO  TO  114 

J=47 

IF(NG,GT.10)  J=31 

DO  111  1=1, NG 

ISYM(I)=I+J 
111  CONTINUE 

CALL  YESNOdANS, 'USE  DEFAULT  SYMBOLS',  19) 

IFdANS.EQ.  i)  GO  TO  113 

URITE<10,1014)  NG 

1014  FORMATCGTYPE' ,13,'  SYMBOLS,  WITH  NO  SPACES  OR  PUNCTUATION') 
READ(il,i015)dSYMd)  ,I  =  i,NG) 

1015  F0RMAT(64<Vi) 
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C  SET  OUTPUT  PACKING  PARAMETERS  (BITS/VALUE,  VALUES/WORD) , 

113  JBP=8 
IVAR=40K 
GO  TO  20 

114  DO  15  I=1,MXBT 
IF(NG.GT.2«»I)  GO  TO  15 
JBP=I 
IVAR=<2»«I)-1 

GO  TO  19 
IS  CONTINUE 
GO  TO  803 

19  IF<JBP.GE,IBP)  GO  TO  803 

20  JPU=NBU/JBP 
JWLR=(NPX+JPW-1)/JPU 
IF(MO0(JULR,2) .NE.O)  JULR=JULR+1 
IF<JWLR.GT.MXB)  GO  TO  801 

C  ESTABLISH  DISC  FILE  FOR  WRITING  OUTPUT  LOGICAL  RECORDS. 
IV;=JULR«2 

CALL  INITCDPOF' ,0,IER) 
TYPE  'INIT  DPOF',IER 
CALL  0PEN<ICH2, 'DP0F:5' ,6,IER,IV) 
TYPE  'OPEN  DPOF',IER 
IF<KUIT.GT.O)  GO  TO  990 
C  GROUP  DATA. 

Ipg=NBW/IBP 

NREC=1 

II=<JVILR*JPW)-NPX 

IV=1 

LLL=MXPX-II+1 

KKK=MXPX-IWLR+1 

CALL  TIME<BUF,IER) 

IH0UR=BUF<1) 

BUF(l)=BUF(3)+BUF<2)f60 

TYPE  'BEGIN  SLICING' , BUF( 1 ) 
DO  40  1=1, NSL 
IREC=I-1 
CALL  DSCRD<ICHD,IREC,NREC,BUF(KKK),IWLR,IWLR,KWIT) 

IF(KWIT.GT. 0)  GO  TO  790 

CALL  UNPAK(IBP,BUF(KKK),BUF(2),IV,NPX,IPW) 

CALL  HEW(BUF<2) ,NPX,NG,IEDGE) 

IF(JBP.LE.6)  GO  TO  34 

DO  31  J=1,NPX 

L=J+1 

K=BUF(L)+1 

BUF(L)=ISYM<K> 
31  CONTINUE 

34  CAl  L  PAK(JBP,BUF,BUF(2),IV,NPX,JPW) 
C  TO  PAD  OUTPUT  RECORD  FOR  POSSIBLE  1108  USE. 

IFdI.LE.O)  GO  TO  39 

JJ=NPX+1 

DO  36  J=LLL,MXPX 

BUF<J)=IVAR 
36  CONTINUE 

CALL  P AK ( JBP , BUF , BUF ( LLL ) , J J , II , JPW ) 

39  CALL  DSCWR<ICH2,IREC,NREC,BUF,MXB,JWLR,KWIT) 

40  CONTINUE 

CALL  TIHE<BUF,IER) 

BUF(1)=BUF(1)-IH0UR 

BUF(i)=BUF(l)«3600+BUF(2)*60+BUF(3) 

TYPE  'END  SLICING', BUF(l) 
IF<II .LE.O)  GO  TO  46 
C  CORRECT  NPX  IN  HEADER  RECORD  TO  REFLECT  ADDITIONAL  PADDING. 
NPX=NPX+II 
IV=NPX 
DO  42  1=1,4 
J=5-I 

BUF(J)=MOD(IV,10)+48 
IV=IV/10 
42  CONTINUE 
J=8 
1=1 
K=4 
11=2 
CALL  PAK(J,IHED(33),BUF,I,K,II) 


36 


46  IHED<47)=2 

IF(JBP.EQ.i)  IHED<47)=1 
IF(JBP.EQ.8)  IHED<47)=3 
KIND=IHED(47) 
IHED(32)=IHED(32)-IBP+JBP 
IBP=JBP 
C  COPY  DATA  TO  REGULAR  OUTPUT  FILE  AREA. 
CALL  FSTAT(ICHD,0,IER) 
TYPE  'FSTAT  ICHD',IER 
CALL  CLOSE<ICHD,IER) 
TYPE  'CLOSE  ICHD',IER 
CALL  DFILW('1',IER) 
TYPE  'DFILW  1' ,IER 
JJ=2*JWLR 

CALL  OPENdCHD,'!' ,2,IER,JJ) 
TYPE  'REOPEN  ICHD',IER 
NREC=i 

TYPE  'BEGIN  COPY' 
DO  60  1=1, NSL 
IREC=I-1 

CALL  DSCRD ( 1CH2 , IREC , NREC , BUF , MXB , JULR , K WIT ) 
IF(KUIT.NE.O)  GO  TO  990 
CALL  DSCWR ( I CHD , IREC , NREC , BUF , MXB , JWLR , KUIT ) 

IF(KW;i  I  .  NE.  0)  GO  rO  9V0 
60  CONTINUE 

TYPE  'END  COPY' 
IF(JBP.NE.i)  GO  TO  65 
C  IF  A  BINARY  MAP,  REVERSE  THE  IMAGE  SO  ONE-BITS  REPRESENT  LINES  (LOW 
CDENSITY. 
JJ=2 

TYPE  'BEGIN  INVERS' 
CALL  INyERS(BUF, MXB, ICHD, JWLR, JJ) 

TYPE  'END  INVERS' 
IF(JJ.NE. 0)  GO  TO  990 
65  CALL  TPOUT(BUF, MXB, JWLR, ICHAN,ICHD,IHED,MXHED,KWIT) 
GO  TO  990 
aOO  WR:tTE<iO,8000)IBP 
8000  FORMAT COWRONG  INPUT  FILE,  BITS  PER  PIXEL=',I2) 
GO  TO  990 
801  TYPE  'TOO  MANY  PIXELS/ROW  TO  PROCESS' 

GO  TO  990 
803  CALL  YESNOdANS, 'ERROR  IN  PARAMETERS,  ABANDON  JOB', 32) 

IF(IANS.NE.l)  GO  TO  8 
990  CALL  RESET 

WRITEdO  ,1000) 
iOOO  FORMAT(//////) 
STOP 
END 


2.18.  FORTRAN  Subroutine  STATIC 

2.18.1  Problem  and  Solution  Method 

Given  a  frequency  distribution,  the  user  may  need  more 
details  about  it.  This  routine  finds  the  mode  and  range  (high 
and  low  observations). 

2.18.3.  Processing 

a.  Processing  logic.  The  mode  is  found  by  setting  a  variable 
(IV)  equal  to  the  count  of  the  first  group,  and  K  equal  to  the 
group  value,  then  comparing  the  count  of  each  successive 
group  with  IV.  If  any  count  exceeds  IV,  then  IV  is  reset  to  that 
count,  and  K  is  reset  to  that  group  number.  This  routine  is  part 
of  a  specialized  system  and  group  values  are  assumed  to  be 
from  0  through  LL-1 ,  where  LL  is  the  number  of  groups.  The 


minimum  observation  (LOW)  is  the  first  non-zero  count 
encountered  in  a  loop  starting  at  group  one.  Similarly,  the 
maximum  observation  is  the  first  non-zero  count  encountered 
in  a  loop  starting  at  the  highest  group  and  working  down. 

b.  Linkages.  STATIC  is  called  by  FREAK. 

f.  Restrictions  and  limitations.  Group  values  are  assumed 
to  be  consecutive  integers  starting  with  zero. 

2.18.4.  Output 

The  low  and  high  observations  and  the  mode  are  printed. 

2.18.5.  Interfaces 

IFR,  dimensioned  LL,  is  the  array  of  group  counts.  K 
returns  the  value  of  the  mode.  IGH  and  LOW  return  the 
extreme  observations. 
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STATIC 

COMPILER  NOSTACK 

SUBROUTINE  STAT IC  < IFR , LL , IGH , LOW , K ) 
FINDS  MODE  (K),  MINIMUM  (LOU)  AND  MAXIMUM 
TABLE  <IFR)  . 

INTEGER  IFR(LL) 

K  =  0 

IV=IFR(i) 
FIND  MODE. 

DO  10  1=2, LL 

IFdFRd)  .LT.iy)  GO  TO  10 

IV=IFR(I) 

K  =  l-i 
10  CONTINUE 
FIND  MINIMUM  VALUE, 

DO  20  1=1 ,LL 

IF<IFR(I) .EQ.O)  GO  TO  20 

LOU=I-i 

GO  TO  26 
20  CONTINUE 

LOW=LL-i 
FIND  MAXIMUM 
26  DO  30  1=1 

J=LL+i~I 

IF(IFR<J) 

lGH=J-i 

GO  TO  40 
30  CONTINUE 

IGH=0 

WRITEdO  , 


(IGH)  VALUES  IN  A  FREQUENCY 


VALUE. 
,LL 

.LE.O)  GO  TO  30 


40  WRITEdO  ,1000)  LOW, IGH, K 
1000  FORMAT( '0RANGE=',I3, '  T0',I4,SX, 
RETURN 
END 


MODL"='  ,  I3> 


2.19.  FORTRAN  Subroutine  TPIN 

2.19.1.  Problem  and  Solution  Method 

A  control  routine  is  useful  for  several  main  processors  to  call 
for  preparing  files  and  initializing.  This  routine  manages  tape- 
to-disc  copy  or  verifies  files'  readiness. 

2.19.2.  Input 

Header  record  and  data  file  are  copied  from  tape  unless 
already  on  disc,  in  which  case  the  header  is  copied  from  disc. 
Keyboard  response  from  user  indicates  location  of  data. 

2.19.3.  Processing 

a.  Processing  logic.  Message  on  console  asks  for  input  data 
location.  Qiannel  number  is  set  according  to  tape  or  disc  input. 
Header  record  is  obtained.  If  header  came  from  disc,  process- 


ing skips  tape  copying.  If  not,  the  disc  files  are  opened  and  the 
header  record  copied  to  disc.  A  loop  controls  tape  reading  and 
disc  writing  of  the  data.  Tape  is  rewound  and  closed.  User  is 
given  option  of  reversing  image. 

b.  Linkages.  TPIN  is  called  by  FREAK,  LOOKED,  and 
SLICE.  It  calls  YESNO,  RDHED,  OPEN,  DSCWR, 
MTREAD,  MTDIO,  CLOSE,  and  IN  VERS. 

e.  Error  handling  provisions.  I/O  operations  return  a 
status  code  to  be  checked. 

2.19.4.  Output 

The  console  displays  messages,  including  one  notifying 
user  how  many  records  were  copied  to  disc. 

2.19.5.  Interfaces 

All  parameters  are  included  in  the  glossary. 


TPIN 

COMPILER  NOSTACK 

PARAMETER  NEU=i6 , ICHH=2 

SUBROUTINE  TPIN(BUF ,MXB, IHED,MXHED, IWLR , ICHAN , ICHD ,KWIT ) 
C  COPIES  TAPE  FILE  ONTO  DISC,  UNLESS  DIRECTED  TO  USE  FILES  ALREADY  ON  DISC. 
C  BUF  IS  AN  ARRAY  LARGE  ENOUGH  TO  HOLD  MXB  UGRDS,   MXB  NEED  NOT  BE 
C  MORE  THAN  4095  FOR  NOVA  COMPUTERS.   MXB  SHOULD  BE  3000  WHEN  READING  RECORDS 
C  FROM  A  TAPE  WRITTEN  BY  THE  SCANDIG. 

C  IWLR  INDICATES  NUMBER  OF  WORDS  PER  SCAN  LINE j IE, A  LOGICAL  RECORD. 
C  ICHD  IS  THE  RELATIVE  CHANNEL  NUMBER  FOR  THE  DISC  DATA  FILE. 
C  ICHAN  IS  THE  RELATIVE  CHANNEL  NUMBER  FOR  THE  TAPE  UNIT. 
C  KWIT  (RETURNED)  INDICATES  ACCOMPLISHMENT: 
C       0  =  SUCCESSFUL  COPY 
C       1  =  ERROR 

INTEGER  BUF(MXB) ,IHED(MXHED) 

COMMON/H/IBP,NPX,NSL, NTH, INC, IXL,IYO,IYL, KIND 
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X      WRITE(iO,6666) 

X6666  FORMAT ( 'OENTERING  TAPIN') 

KUIT=0 

IREC=0 

ICH=ICHAN 

CALL  YESNOdANS, 'USE  DISC  FILE', 13) 

IFdANS.NE.l)  GO  TO  7 

ICH=ICHH 
C  READ  HEADER  RECORD. 

7  CALL  RDHED(ICH,IHED,MXHED,KWIT) 

IF<KUIT.NE.O)  GO  TO  990 

I=NBW/IBP 

IWLR=(NPX+I-1)/I 

IFdCH.NE.  ICHAN)  GO  TO  980 

ICH=ICHH 

I=MXHED*2 

CALL  OPENdCH, '2' ,3,IER,I) 

TYPE  'OPEN  ICH',IER 

I=2«IWLR 

CALL  OPENdCHD,'!' ,2,IER,I) 

TYPE  'OPEN  ICHD',IER 

IREC=0 

NREC=i 

CALL  DSCWR  dCH , I REC , NREC , IHED , MXHED , MXHED , KWIT ) 

IF(KWIT.NE.O)  GO  TO  801 

I=MXB/IWLR 

I=I*IWLR 
C  COPY  DATA  RECORDS  FROM  TAPE  TO  DISC, 
10  CAIL  MTREADdCHAN,BUF,I,KWIT,IWPR) 

IF(KWIT.GT,0)  GO  TO  800 

NREC=IWPR/IWLR 

CALL  DSCWR ( ICHD , IREC , NREC ,BUF ,MXB, IWLR , KWIT ) 

IF(KWIT.NE.O)  GO  TO  990 

IREC=IREC+NREC 

GO  TO  10 
C 
C  ALERTS  AND/OR  ERROR  CONDITIONS. 

800  KWIT=KWIT-1 

801  IF(  KWIT.GT.l)  KWIT=1 
WRITE(10,9000)  IREC 

9000  FORMATCO' ,18,'  RECORDS  COPIED  FROM  TAPE  TO  DISC) 
NSL=NSL+i 

IHED(36)=IHED(36)+i 
C  REWIND  TAPE  AND  CLOSE  FILE. 

CALL  MTDIO<  TCHAN , iOOOOK ,BUF , ISTA, IFR  > 

IFdER.NE.l)  WRITE(iO,8006)  lER 

8006  FORMAT( 'OTAPE  REWIND  ERROR', 14) 
CALL  CLOSE(0,IER) 
C  ALLOW  USER  TO  REVERSE  IMAGE  IF  NECESSARY. 

980  CALL  YESNO(IANS,'DOES  DATA  REPRESENT  A  PHOTO  NEGATIVE' ,36) 
IF  (lANS.EQ.l)  GO  TO  990 
KWIT=1 

CALL  I NVERS ( BUF , MXB , I CHD , I WLR , KWIT ) 
990  RETURN 
END 


2.20.  FORTRAN  Subroutine  TPOUT 

2.20.1.  Problem  and  Solution  Method 

At  the  end  of  a  processing  program,  the  need  may  arise  to 
update,  rewrite  files,  or  both.  This  subprogram  provides  con- 
trol of  lower-level  routines  to  handle  these  tasks. 

2.20.3.  Processing 
a.  Processing  logic. 

1 .  General  logic .  Program  allows  interactive  direction  from 
the  user  or  operator.  If  output  tape  is  specified,  blocks  of 
records  are  copied  from  core  to  magnetic  tape.  The  tape  file  is 
opened  if  necessary,  written,  terminated  with  a  double  EOF, 


rewound,  and  closed.  The  subprograms  DSCRD  and 
MTWRIT  provide  rapid  data  transfer  by  calling  specialized 
DG  subroutines. 

2.  Detailed  logic.  The  first  step  is  to  determine  the 
maximum  physical  tape  record  length  (which  is  4095  words 
[MXTAP]  in  the  present  configuration).  The  next  step  is  to 
calculate  the  number  of  logical  records  that  will  fit  in  MXB  or 
4095  words,  whichever  is  less.  The  process  is  more  easily 
understood  with  a  numerical  example:  suppose  the  maximum 
number  of  words  for  a  physical  output  tape  record  (LL)  is  28 .  If 
one  divides  this  by  9  (the  number  of  words  in  an  output  logical 
record)  the  result  is  3 ,  or  the  number  of  logical  records  that  will 
fit  in  a  physical  record.  Once  these  parameters  are  established. 
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the  total  number  of  records  to  be  copied,  NSL,  can  be  read 
from  the  disc  in  groups  of  3  into  core,  then  passed  to  tape  in 
maximum-sized  blocks. 

b.  Linkages.  TPOUT  is  caUed  by  FREAK,  LOOKED,  and 
SUCE.  It  uses  subprograms  YESNO,  DSCWR,  MTWRTT, 
MINO,  DSCRD,  TIME,  and  DATE. 

c.  Constants  and  variables.  Only  three  temporary  vari- 
ables are  defined  here,  the  rest  are  defined  in  the  glossary  of 
variables  to  avoid  redundancy.  JJ  =  maximum  number  of 
logical  records  in  a  physical  record.  IV  =  running  total  of 
logical  records.  LL  =  maximum  physical  tape  record. 

e.  Error  handling  provisions.  Various  error  status  indi- 
cators associated  with  I/O  subroutines  are  tested  after  use. 

f.  Restrictions  and  limitations.  Buffer 'sizes  must  be  set 
correctly  by  calling  routine .  Buffer  must  be  at  least  as  large  as  a 
logical  record.  Ideally,  it  is  several  times  as  large. 


i.  Optimization.  Because  large  amounts  of  data  will  i 
mally  be  handled  by  this  routine,  efficiency  is  important.    ^ 
subprograms  called  also,  in  turn,  call  DG  subroutines 
precise  I/O  control. 
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2.20.4.  Output 

Error  and  status  messages  are  printed  on  console.  Log 
records  copied  from  disc  to  tape  are  the  final  product.  Data 
and  header  record  remain  available  on  disc  also. 

2.20.7.  Run  Description 

Locate  the  calling  routines  and  the  FORTRAN  library  in 
same  directory.  The  header  record  can  be  the  standard, 
word  header  as  written  by  the  Scandig  routine  or  expanded 
53  words.  Either  type  can  be  read  by  TPIN.  When  the  out] 
tape  is  intended  for  use  with  the  WRIS  routines,  the  hea 
must  be  in  the  46- word  format. 


TPOUT 

COMPILER  NOSTACK 

PARAMETER  1CHH=2,MXSCN=46,MXTAP=4095 

SUBROUTINE  TPOUT < BUF , MXB , JWLR , ICHAN , ICHD , IHED , MXHED , KWIT > 
C  INITIALIZES  AND  OPENS  OUTPUT  TAPE  FILE,  IF  NECESSARY. 
C  COPIES  BLOCKS  OF  RECORDS  FROM  DISC  TO  TAPE. 
C  WRITES  DOUBLE  EOF,  REWINDS  TAPE,  AND  CLOSES  FILE. 
C  WRITES  UPDATED  HEADER  RECORD  ON  DISC. 
C  BUF  IS  AN  ARRAY  LARGE  ENOUGH  TO  HOLD  MXB  WORDS. 
C  MXB  NEED  NOT  BE  MORE  THAN  MXTAP  (4095)  FOR  DG  SYSTEMS, 
C  JWLR  »  NUMBER  OF  WORDS  IN  A  LOGICAL  TAPE  RECORD.   JWLR  CANNOT 
C  BE  LARGER  THAN  MXB.   PHYSICAL  TAPE  RECORD  IS  A  MULTIPLE  OF  JWLR  BUT 
C  NOT  GREATER  THAN  MXTAP  (4095). 

C  ICHD  INDICATES  THE  CHANNEL  NUMBER  FOR  THE  DISC  FILE. 
C  KWIT  (RETURNED)  INDICATES  ACCOMPLISHMENT: 
C       0  =  SUCCESSFUL  COPY 
C       i  »  DISC  READ  ERROR 
C       2  ■=  OUTPUT  TAPE  ERROR 
C 

INTEGER  BUF(MXB),IHED(MXHED) 

COMMON/H/IBP, NPX, NSL, NTH, INC, IXL,IYO,IYL, KIND 

C 

X      URITE(iO,.6666) 

X6666  FOR  MAT  ('CENTERING  TAPOUTM 

CALL  TIME(IHED(48),IER) 

CALL  DATE(IHED(51),IER) 

IHED(47)«KIND 
C  INITIALIZE  VARIABLES. 

KWIT=0 

IV=D 
C  SET  ISTA  FOR  FIRST  CALL  TO  MTWRIT. 

ISTA=-i 


2.21.  FORTRAN  Subroutine  UNPAK 

2.21.1.  Problem  and  Solution  Method 

Individual  elements  of  a  data  collection  packed  two  or  more 
per  word  must  be  made  available  for  processing.  This  routine 
unpacks  a  subset  of  the  data  and  stores  the  data  values  one  per 
element  of  an  array. 

2.21.3.  Processing 

a.  Processing  logic.  Calculation  of  IV,  the  word  in  BUF 
containing  the  initial  value  (J)  to  be  unpacked,  is  based  on  J 
and  on  KK,  the  number  of  packed  values  per  word.  K,  the  bit 


shift  indicator,  is  initially  calculated  from  IBP  times  the  rel 
live  position  of  the  initial  value  in  word  number  IV.  A  1(X)] 
controlled  by  the  number  of  unpacked  values  (N) ,  isolates  eat 
value  by  ANDing  a  mask  of  IBP  bits  with  the  shifted  (by 
bits)  packed  word  BUF  (IV).  IV  is  incremented  and  K 
decremented  or  initialized  as  necessary,  as  processing  coi 
tinues. 

b.  Linkages.  UNPAK  is  called  by  SLICE,  FREAK,  an 
LOOKED,  ft  uses  DG  functions  lAND  and  ISHFT. 

c.  Variables  and  constants.  MASK  is  an  array  of  word 
containing  1-bits  in  the  low  order  positions.  The  number  of  bit 
varies  from  1  through  8.  High  order  bits  are  zeros. 
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i".  Restrictions  and  limitations.  NPAKD  must  be  dimen-         array  of  individual  values.  J  is  the  first  packed  value  needed 
ned  to  at  least  N  in  the  calling  routine.  from  BUF.  N  is  the  number  of  values  to  unpack.  KK  is  the 


1.5.  Interfaces 

BUF  is  the  input  array  of  packed  data.  NPAKD  is  the  output 


number  of  packed  values  per  word  of  BUF. 


UNPAK 

COMPILER  NOSTACK 

SUBROUTINE  UMPAK ( IBP , BUF , NP AKD , J , N , KK ) 
C  UNPACKS  N  CONSECUTIVE  INTEGER  VALUES  OF  IBP  BITS  EACH  FROM  ARRAY  BUF, 
C  STARTING  WITH  THE  JTH  VALUE.   STORES  VALUES,  ONE  PER  WORD,  IN  ARRAY  NPAKD. 
C  ANY  UNUSED  BITS  IN  EACH  WORD  OF  BUF  ARE  ASSUMED  TO  BE  THE  LEFT  <HIGH- 
C  ORDER)  BITS.   KK  IS  THE  NUMBER  OF  PACKED  VALUES  PER  WORD  IN  BUF. 

INTEGER  BUFCi) ,NPAKD(i) ,MASK(8) 

DATA  MASK/iK,3K,7K,i7K,37K,77K,177K,377K/ 

IV=(J+KK-i)/KK 

K=IBP«<IV*KK-J) 

DO  40  I=i,N 

NPAKD(I)=IAND(MASK(IBP) , ISHFT(BUF< IV) ,-K)) 

IF(K.GT.O)  GO  TO  35 

K=KK»IBP 

IV=IV+1 
;i5  K=K-IBP 
40  CONTINUE 

RETURN 

END 

CALL  YESNO<IANS,'WRITE  OUTPUT  TAPE',i7) 

IF(IANS.NE.i)  GO  TO  910 

CALL  YESNO<IANS,'IS  OUTPUT  TAPE  READY', 20) 

IF(IANS.NE.l)  GO  TO  9 

L=MXHED 

CALL  YESNOdANS, 'EXPANDED  HEADER  RECORD' ,22) 

IFdANS.NE.  i)  L=MXSCN 

CALL  HTWRIT(ICHAN,IHED,MXHED,L,ISTA) 

IFdSTA.NE.O)  GO  TO  804 
C  MAXIMUM  PHYSICAL  RECORD  LENGTH  IS  MXTAP  (409S)  OR  DIMENSION  OF  BUF, 

LL"=MINO(MXTAP,MXB) 
C  FIGURE  NUMBER  OF  LOGICAL  RECORDS  IN  MAXIMUM  TAPE  RECORD. 

JJ=LL/JWLR 

IF(JJ.LT.i)  GO  TO  802 
C  COPY  RECORDS. 

DO  20  I=i,NSL,JJ 

IREC=I-1 

NREC=MINO ( J J , NSL-IREC ) 

CALL  DSCRD(ICHD,IREC,NREC,BUF,MXB,JULR,KWIT) 

IF(KWIT.NE.O)  GO  TO  990 

JWPR=NREC*JWLR 

CALL  MTWRIT(ICHAN,BUF,MXB,JWPR,ISTA) 

IFdSTA.NE.O)  GO  TO  804 

IV=IV+NREC 
20  CONTINUE 

GO  TO  900 

ERROR  CONDITIONS. 

802  WRITE(i9,8002)JWLR,LL  _.  .  ,,, 

8002  FORMAT COLOGICAL  RECORD  TOO^ LARGE,  =', 16 ,2X, 'PHYSICAL  RECORD  LENGTH=',I4) 
804  KWIT=2 

GO  TO  990 
C 

C  DONE  WITH  TAPE. 
C 

900  ISTA=-2 

CALL  MTWRITdCHAN,BUF,MXB,JWPR,ISTA) 
C  REWRITE  HEADER  ON  DISC. 
910  L=0 
J=l 

CALL  DSCWR ( ICHH , L , J , I HED , MXHED , MXHED , K WI T ) 

IF(KWIT.NE.O)  TYPE  'ERROR  IN  REWRITING  HEADER  RECORD  ON  DISC ,KWIT 
990  WRITE  (10,iOOO)IV 
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1000  FORMATCOSIB,'  LOGICAL  RECORDS  COPIED  FROH  DISC  TO  TAPE') 
RETURN 
END 


2.22.  FORTRAN  Subroutine  YESNO 

2.22.1.  Problem  and  Solution  Method 

In  an  interactive  system,  there  are  numerous  cases  of 
yes-or-no  questions  to  the  user.  This  routine  handles  the  I/O 
with  the  console. 

2.22.2.  Input 

User  responds  with  a  typed  Y  or  N  to  each  question. 

2.22.3.  Processing 

a.  Processing  logic.  The  calling  routine  passes  a  character 
string  containing  the  question.  The  string  is  printed  on  the 
console.  User  types  in  a  Y  or  an  N.  If  the  response  is  not  valid, 
the  routine  prompts  user  for  Y  or  N.  If  the  response  is  valid, 
LANS  is  set  accordingly. 

b.  Linkages.  YESNO  is  caUed  by  FREAK,  LOOKED, 


SLICE,  RDHED,  INVAL,  TPOUT,  TPIN,  MTWRIT,  an 
LEDIT.  It  uses  DG  function  MINO.  i 

c.  Variables  and  constants.  L  is  the  maximum  number  < 
words  in  the  question.  J  is  the  actual  number  of  words  in  tl: 
question.  U  is  a  Hollerith  question  mark,  added  to  print  line  fi 
each  question. 

f.  Restrictions  and  limitations.  Question  (in  LABEL) 
limited  to  76  characters  (38  words  on  DG). 

2.22.4.  Output 

Questions  on  console  and  a  prompt  for  a  'Y'  or  'N'. 

2.22.5.  Interfaces 

LABEL  is  a  character  array  containing  a  question  froi 
calling  routine.  N  is  the  number  of  characters.  lANS  is  re 
turned. 


YESNO 

COMPILER  NOSTACK 

SUBROUTINE  YESNO< lANS, LABEL ,N) 
LABEL  IS  A  STRING  ARRAY  CONTAINING  A  QUESTION  TO  BE  TYPED  ON  THE  OUTPUT 
DEVICE.   N  IS  THE  NUMBER  OF  CHARACTERS  IN  LABEL.   A  MAXIMUM  OF  76  WILL  BE 
PR  I NTED • 


RETURNS  lANS  =  i  FOR  YES 
lANS  =  2  FOR  NO 
INTEGER  YES,LABEL(1) 
DATA  11/'?  '/ 
DATA  YES/'Y  '/,NO/'N  '/ 

IANS:>:0 

J=(N+i)/2 

L=38 

J=M1N0(L,J) 

WRITE(iO,iOOO)(LABEL(I),I=i,J),II 
1000  FORMAT('0',39A2) 

10    READ(li,2000)J 
2000   FORMAT(Ai> 

IF(J,EQ.YES)IANS=i 

IF<J.EQ.NO)    IANS=2 

IF(IANS.GT.O)    GO   TO    90 

TYPE    'TYPE    Y    OR    N' 

GO    TO    10 
90    RETURN 

END 
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Amidon,  Elliot  L.,  and  E.  Joyce  Dye. 

1981 .  SCA>fn':  centralized  digitizing  of  forest  resource  maps  or  photographs.  Gen. 

Tech.  Rep.  PSW-53,  42  p.,  itlus.  Pacific  Southwest  Forest  and  Range  Exp.  Stn., 

Forest  Serv.,  U.S.  Dep.  Agric,  Berkeley,  Calif. 
Spatial  data  on  wildland  resource  maps  and  aerial  photographs  can  be  analyzed  by 
computer  after  digitizing.  SCANIT  is  a  computerized  system  for  encoding  such  data  in 
digital  form.  The  system,  consisting  of  a  collection  of  computer  programs  and  subroutines, 
provides  a  powerful  and  versatile  tool  for  a  variety  of  resource  analyses.  SCANIT  also  may 
be  converted  easily  to  another  computer  system.  As  a  highly  automated  system,  SCANIT 
requires  a  substantial  investment  in  specialized  instruments  and  assumes  a  central  facility 
with  a  raster  scanner  and  a  minicomputer  to  serve  many  users.  The  system's  designers,  by 
adopting  a  highly  interactive  approach  to  the  control  of  the  data  processing,  have  provided 
for  persons  with  little  or  no  computer  experience  to  use  the  system  and  have  minimized  the 
need  for  a  user  manual.  This  report  on  SCANIT  is  designed  to  aid  the  maintenance 
programmer  locate  needed  information  easily  and  to  assure  an  adequate  level  of  documenta- 
tion for  each  routine. 


Retrieval  Terms:  aerial  photographs,  forest  resource  maps,  computer  programs,  SCANIT, 
digitizers 
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Interest  in  native  California  oaks  is  increasing.  Species 
like  California  black  oak  {Quercus  kelloggii  Newb.),  blue 
oak  {Q.  douglasii  Hook.  &  Am.),  coast  live  oak  (Q. 
agrifolia  Nee),  and  tanoak  {Lithocarpus  densiflorus 
[Hook.  &  Arn.]  Rehd.)  constitute  a  huge  reservoir  of  fuel 
and  fiber  that  at  present  is  not  being  effectively  used. 
Other  "products"  such  as  wildlife  habitat,  watershed 
protection,  and  recreation-esthetic  values  may  be  more 
important  than  traditional  wood  products.  Although 
little  is  known  about  the  ecology  and  silviculture  of 
California  oaks,  some  knowledge  is  emerging.  This  paper 
attempts  to  summarize  this  knowledge  and  to  touch  briefly 
on  wildlife,  watershed,  and  esthetic  considerations. 

Of  the  15  endemic  oak  species  in  California,  8 — plus 
tanoak — grow  to  tree  size  and  should  be  amenable  to 
hardwood  forest  management.  One  or  more  species  of 
oak  can  be  found  throughout  the  State.  They  occupy 
several  major  vegetation  zones  or  types  including  chapar- 
ral, woodland,  mixed  evergreen,  and  mixed  conifer.  Oaks 
grow  at  elevations  from  near  sea  level  to  10,000  feet 
(3050  m),  and  where  the  growing  season  ranges  from 
about  90  to  350  days.  California  oaks  total  about  3 
billion  ft-'  (85  million  m^)  net  volume;  California  black 
oak  and  tanoak  account  for  72  percent  of  this  volume. 
However,  total  oak  volume  is  actually  much  larger 
because  open-grown  trees  on  noncommercial  forest  land 
are  not  included  in  these  totals. 

Most  California  oaks  have  adapted  to  harsh,  semiarid, 
environments.  Paleobotanists  have  traced  these  oaks  and 
related  communities  back  to  the  Miocene  epoch  of  12  to 
26  million  years  ago.  Oak  persistence  is  a  function  of  high 
adaptability.  Thus,  it  is  no  surprise  that  native  oaks  have 
a  wide  climatic  amplitude  and  a  rapid  and  dynamic  re- 
sponse to  gross  disturbance  such  as  fire.  Oak  species  dif- 
fer widely  in  their  response  to  fire,  however;  bark 
thickness,  amount  of  living  and  dead  bark,  and  ability  to 
sprout  from  the  bole  all  affect  the  probability  that  an  oak 
species  will  grow  in  an  area  of  frequent  fires.  Sprouting 
from  the  root  crown  is  the  most  important  survival  adap- 
tation of  most  oak  species,  and  helps  to  maintain  estab- 
lished stands. 

For  the  silviculturist,  there  is  evidence  that  dense 
60-year-old  stands  respond  to  thinning.  On  a  good  site  in 


the  northern  Sierra  Nevada,  mixed  stands  of  California 
black  oak,  tanoak,  and  Pacific  madrone  {Arbutus  men- 
ziesii  Pursh)  produce  up  to  93  ft^  of  new  growth  per  acre 
per  year  net  (6.5  mVha/yr)  for  the  first  6  years  after  thin- 
ning. Leaving  102  to  125  ft^  of  basal  area  per  acre  (23  to 
29  mVha)  seems  to  balance  available  resources  with 
amount  of  growing  stock,  and  if  sustained,  is  a  much  bet- 
ter growth  rate  than  that  of  unmanaged  stands. 

With  management,  stands  of  thrifty  oaks  should  yield 
more  wood,  acorns,  and  water  than  similar  unmanaged 
stands,  at  no  cost  and  probably  even  at  a  gain  in  esthetic 
value.  Recognition  of  these  values  could  mean  that  native 
oaks  are  soon  going  to  contribute  to  increased  productivi- 
ty from  California  forests. 

Natural  regeneration  of  oaks,  in  addition  to  root- 
crown  sprouting,  includes  seedling  establishment. 
Acorns,  disseminated  by  rodents,  birds,  and  other 
animals,  enable  oaks  to  occupy  new  areas;  however, 
regeneration  from  acorns  is  often  poor  especially  for  blue 
and  valley  oaks  {Q.  lobata  Nee)  for  reasons  as  yet 
unclear.  For  tanoak  and  California  black  oak,  regenera- 
tion from  acorns  can  be  skimpy  or  abundant,  depending 
on  a  host  of  environmental  factors  and  the  voracity  of 
wildlife. 

The  plant  propagator  can  gather  acorns  before  they 
mature,  thus  getting  the  jump  on  natural  consumers. 
Early-picked  acorns  can  germinate  successfully  if  the  tips 
of  the  acorn  shells  are  first  removed.  Positioning  the 
acorn  point  up,  rather  than  point  down  or  sideways,  also 
speeds  up  germination  and  results  in  an  increase  in 
number  of  acorns  germinating.  Optimum  acorn  storage 
schedules  are  not  yet  known,  but  temperatures  just  above 
freezing  and  moisture  contents  near  60  percent  of  fresh 
weight  appear  best  for  scrub  oak  {Q.  dumosa  Nutt.) 
acorns  picked  in  September. 

Young-growth  California  black  oak  and  tanoak 
stumps  sprout  vigorously  after  cutting.  Sprouts  grow 
rapidly;  those  of  California  black  oak  on  good  sites  may 
be  over  19  feet  (6  m)  tall  after  10  years.  With  such  a 
growth  rate,  they  are  strong  competitors  with  shrubs  and 
other  trees.  Thinning  sprouts  at  age  4  has  been  suggested, 
but  tests  show  it  results  in  no  measurable  gain  in  height 
growth. 

Vegetative  propagation  of  oaks  has  not  been  used  because 
of  the  difficulty  in  rooting  most  oak  species.  Successful  use 
of  tissue  culture  techniques  has  not  been  achieved  either, 
although  recent  work  with  bud  culture  may  have  opened  the 
way  to  practical  clonal  oak  propagation. 

Under  natural  conditions,  fire  is  necessary  for  the 
perpetuation  of  oak  woodlands,  especially  on  sites  where 
oaks  compete  with  faster  growing  conifers.  Low  intensity 
prescribed  fire  may  have  a  place  as  a  management  tool  in 
established  oak  stands.  Periodic  burning  would  reduce 
the  fuel  accumulations  that  support  high  intensity 
wildfires  which  kill  or  severely  damage  tree  trunks  and 
crowns.  However,  even  prescribed  fire  must  be  used  with 
caution  because  every  fire  will  cause  some  tree  damage. 


Figure  1— This  110-foot  tall,  24-inch-cllanneter  Cali- 
fornia black  oak  in  Butte  County  is  suitable  for 
manufacture  into  several  valuable  wood  products. 


Figure  2  — An  open,  spreading  crown  and  large, 
crooked  brancfies  are  typical  of  many  Cali- 
fornia oaks. 
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Figure  3— Acorns  and  foliage  from  California  black  oak  are  food 
much  sougfit  after  by  deer. 


One  of  California's  most  valuable  natural  resources- 
its  extensive  oak  forests  and  woodlands — has  long 
been  neglected  and  mistreated.  Often,  the  oaks  have  been 
the  target  of  eradication  efforts  aimed  at  enhancing  other 
resource  values.  Interest  in  the  ecology,  management, 
and  perpetuation  of  oak  woodlands  has  increased  drama- 
tically in  the  last  few  years.  Although  in  the  past,  oak  has 
not  been  totally  ignored  by  the  scientific  community, 
most  forest  managers  would  agree  that  guides  for  oak 
management  are  based  on  inadequate  data. 

This  report  presents  available  information  for  the 
management  of  the  entire  oak  resource  in  California.  Oak 
stands  can  be  managed  for  many  commodities  and 
amenities.  Hardwood  trees  of  good  form  (fig.  I)  can  be 
manufactured  into  such  valuable  products  as  lumber,  fur- 
niture, cabinets,  and  paneling.  Trees  of  poor  form  (fig.  2) 
can  now  be  cut  into  lumber  for  pallets  and  small  specialty 
items.  Small  trees,  plus  thinnings  from  managed  stands 
and  residue  from  sawmills,  are  a  potential  source  of 
energy.  Twigs,  leaves,  and  acorns  provide  food  for  a  varie- 
ty of  wildhfe  and  in  many  instances,  are  critical  to  their 
survival  (fig.  3).  Domestic  animals  also  use  oaks  as  food. 


And,  although  not  recognized  widely,  acorns  are  a  poten- 
tial energy-rich  food  source  for  humans  as  well.  Because 
deciduous  hardwoods  do  not  intercept  rain  and  snow  to 
the  extent  that  conifers  do,  less  moisture  evaporates  from 
them.  For  example,  water  savings  of  up  to  32  percent  of 
annual  precipitation  have  been  realized  from  hardwood 
stands  as  compared  to  conifer  stands  (Urie  1977).  Among 
all  the  values  for  which  oaks  are  managed,  that  of  pro- 
viding scenic  beauty  cannot  be  ignored  (fig.  4). 

Much  that  is  known  about  California  oaks  has  been 
available  only  in  unpublished  reports,  dissertations,  or 
case  histories.  A  recent  symposium  has  placed  a  con- 
siderable portion  of  this  material  in  the  literature  (Plumb 
1980).  Here  we  present  in  summary  form  the  ecological 
and  silvicultural  information  which  appears  most  useful 
for  oak  management  in  California.' 


'  This  report  is  an  expansion  and  updating  of  a  paper  submitted  to  the 
Symposium  on  Establishment  and  Treatment  of  High  Quality  Hardwood 
Stands  in  Temperate  Climate  Regions,  Nancy,  France,  September  11-15, 
1978  (Plumb  and  McDonald  1978). 
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chinkapins  {Castanopsis  Spach.)  and  the  true  oaks  {Quer- 
cus  L.).  Although  the  foHage,  twigs,  and  catkins  are 
similar  to  the  chinkapins,  the  acorns  and  acorn  cups 
resemble  the  true  oaks.  Also,  in  weight,  specific  gravity, 
and  hardness,  tanoak  is  similar  to  oaks.  For  these 
reasons,  and  because  tanoak  is  often  an  associate  in  oak 
communities,  it  is  included  here. 

In  addition  to  differing  in  leaf  habit  {table  1), 
evergreen  and  deciduous  oaks  also  differ  in  size  and 
form.  Valley  oak  {Q.  lobata  Nee)  is  the  monarch  of 
California  oaks.  In  the  mature  tree,  a  massive  trunk  and 
great  spreading  branches  support  a  regal  crown.  In  con- 
trast are  the  dense  groves  of  evenly  spaced,  rather  small 
individuals  of  interior  live  oak  {Q.  wislizenii  A.  DC). 
The  stately  tanoak  {Lithocarpus  densi/lorus  [Hook.  & 
Am.]  Rehd.)  has  a  long,  clear,  gently  tapering  bole  and 
an  excurrent  branching  habit  like  that  of  conifers. 
California  black  oak  (Q.  kelloggii  Newb.)  typically  has  a 
long,  clear  bole  free  of  branches,  especially  when  growing 
in  dense  stands.  Both  tanoak  and  California  black  oak 
are  often  found  as  single  trees  or  groves  within  the  con- 
ifer forest.  They  also  occupy  more  extensive  areas,  par- 
ticularly if  some  disturbance  has  killed  the  conifers. 


Figure  4— Oaks  like  this  old  California  black  oak  monarch  in 
Mariposa  County  provide  scenic  views  for  the  traveler. 


SPECIES  AND  STANDS 


To  understand  the  oak  resource  and  its  management, 
we  must  first  take  a  good  look  at  the  oaks  themselves— 
the  species  and  the  broad  groupings  that  reflect  their 
similarities  and  differences.  Then  we  need  to  know  where 
they  are  and  in  what  quantities,  on  the  basis  of  the 
specific  inventory  data  available. 

Description 

Eight  native  California  oak  (Quercus)  species  and  one 
tanoak  (Lithocarpus)  grow  to  tree  size  (table  I).  Seven 
other  species  are  shrubby  and  have  low  management  po- 
tential. Most  of  the  tree  species  have  shrubby  forms  or 
varieties,  such  as  California  black  oak  (Q.  kelloggii  forma 
cibata),  shrub  tanoak  (L.  densiflorus  var.  echinoides),  and 
shrub  Oregon  white  oak  (Q.  garryana  var.  breweri).  A 
number  of  hybrids  have  been  identified,  also.  Only  3  of  the 
15  Quercus  species  are  classified  as  black  oaks;  8  are  white 
oaks,  and  4  are  in  an  intermediate  class. 

The  genus  Lithocarpus  Blume.,  of  which  tanoak  is  a 
member,  is  made  up  of  species  intermediate  between  the 


Table    1 — Prominent  oaks  ^Quercus  species  and  tanoak)  native  to 
California 


Growth  habit'  and 
common  name 


Trees: 


Species  name 


Subgroup 


Distribution 

as  percent  of 

State  area^ 


California  black  (D) 

Q.  kelloggii 

Black 

18.4 

Blue  (D) 

Q.  douglasii 

White 

17.5 

Interior  live 

Q.  wislizenii 

Black 

16.0 

Coast  live 

Q.  agrifolia 

Black 

15.2 

Canyon  live 

Q.  chrysolepis 

Intermediate 

12.7 

Valley  (D) 

Q.  lobata 

White 

5.8 

Oregon  white  (D) 

Q.  garryana 

White 

5.5 

Engelmann 

Q.  engelmannii 

White 

1.2 

Tanoak 

Lithocarpus 
densiflorus 

— 

7.8 

Shrubs  to  small  trees: 

Scrub 

Q.  dumosa 

White 

_3 

Leather 

Q.  durata 

White 

— 

Dunn 

Q.  dunnii 

Intermediate 

— 

Sadler 

Q.  sadleriana 

White 

— 

Island 

Q.  tomentella 

Intermediate 

— 

Desert  scrub 

Q.  turbinella 
ssp.  calif  arnica 

White 

— 

Huckleberry 

Q.  vaccinifolia 

Intermediate 

— 

'Evergreen  except  deciduous  (D)  as  noted. 
^Based  on  maps  by  Griffin  and  Critchfield  (1972). 
^No  estimate  available. 


Oregon  white  oak  {Q.  garryana  Dougl.  ex  Hook.)  can 
be  startling  in  appearance  when  its  white  bark  stands  out 
among  other  trees.  Coast  Hve  oak  {Q.  aghfolia  Nee),  in 
contrast,  has  dark  gray  bark,  and  is  unique  in  its  branch 
habit,  forming  large  horizontal  branches  near  the 
ground.  Engelmann  oak  (Q.  engelmannii  Greene)  grows 
in  association  with  coast  live  oak  and  has  the  same 
general  appearance,  but  with  lighter  green  leaves  which 
are  semipersistent.  Canyon  live  oak  {Q.  chrysolepis 
I    Liebm.)  often  is  identified  by  its  large  acorns  and  cups. 

Distribution 

Lack  of  knowledge  of  exact  distribution  and  volume  of 
California  oaks  is  a  major  problem  facing  resource 
managers.  Oaks  are  found  on  15  to  20  million  acres  (6  to  8 
million  ha)  in  California  (fig.  5).  Together,  these  oaks  oc- 
cupy a  rather  wide  range  of  elevation  that  increases  from 
north  to  south.  The  relative  distribution  (percent  of  total 
State  area)  of  tree-sized  species  is  given  in  table  1.  These 
values  are  not  cumulative — some  species  overlap  in  area. 

Oaks  occupy  a  wide  variety  of  soils,  the  one  consistent 
exception  being  those  soils  which  are  poorly  drained. 
Well-drained  soils  with  textures  ranging  from  fine- 
grained to  cobbly  or  gravelly,  sandy  loams,  or  even 
skeletal  soils  of  poor  development,  support  oaks.  Rather 
wide  ranges  of  soil  pH  and  structure  also  characterize 
soils  within  the  natural  ranges  of  oaks.  Moderately  acid 
to  mildly  alkaline  soils  (pH  5.6  to  7.5),  and  soil  structures 
ranging  from  granular  to  angular-blocky  are  common. 
Soil  depth  under  oaks  commonly  ranges  from  20  to  40 
inches  (50  to  100  cm),  and  average  annual  temperature  at 
the  20-inch  depth  ranges  from  47  to  70°  F  (8  to  21°  C). 
Thus,  oaks  are  more  commonly  found  on  warm  than  on 
cold  soils. ^ 

Oak  species  are  an  important  component  of  at  least 
four  vegetation  types — woodland  (subdivided  into  north- 
ern, southern,  and  foothill),  mixed  conifer,  mixed  ever- 
green, and  chaparral. 

The  foothill  woodland  surrounds  California's  central 
valley  and  the  lower  elevations  of  the  Coast  Range,  form- 
ing a  transitional  zone  between  the  valley  grasslands  and 
the  mixed-conifer  forest  at  higher  elevations.  Blue  oak 
{Q.  douglasii  Hook.  &  Am.)  and  valley  oak  are  the 
primary  oak  species,  with  a  component  of  interior  live 
oak.  In  southern  California,  coast  live  oak,  and 
Engelmann  oak  to  a  limited  extent,  replace  blue  oak  and 
valley  oak.  To  the  north,  the  northern  oak  woodland  of 
mostly  Oregon  white  oak  occupies  the  warmer,  drier 
slopes  within  the  mixed-conifer  forest. 

The  mixed-conifer  forest  occupies  the  middle  elevation 
regions  of  the  Cascade  and  Sierra  Nevada  Mountains 


with  some  distribution  in  the  Transverse  Ranges  of 
southern  California.  California  black  oak  is  common  in 
this  forest  type  along  with  canyon  live  oak,  which  is  often 
found  on  steep,  rocky  hillsides. 

The  mixed-evergreen  forest  extends  from  the  Coast 
Ranges  of  central  California  northward  to  southern 
Oregon.  In  the  North  Coast  Range,  it  is  east  of  the  red- 
wood forest.  Tanoak  and  Pacific  madrone  are  prominent 
hardwoods,  along  with  Oregon  white  oak,  canyon  live 
oak,  and  California  black  oak.  To  a  limited  extent,  the 
mixed-evergreen  forest  also  is  found  in  the  lower  portion 
of  the  mixed-conifer  forest  in  the  northern  Sierra 
Nevada. 

Chaparral  is  a  complex  mixture  of  several  evergreen 
shrubs.  It  is  found  on  the  dry,  rocky  slopes  of  the  Penin- 
sular Ranges  in  southern  California  and  throughout  the 
Central  Valley  foothills  below  the  mixed-conifer  forest. 
Scrub  oak  {Q.  dumosa  Nutt.)  is  an  important  component 
of  chaparral,  along  with  interior  live  oak  at  higher  eleva- 
tions and  on  the  more  moist  sites.  Both  of  these  oaks, 
plus  canyon  live  oak  and  coast  live  oak,  tend  to  form  a 
riparian  woodland  along  the  canyon  bottoms  and  dry 
washes  in  southern  California.  Huckleberry  oak  {Q.  vac- 
cinifolia  Kell.)  is  a  common  component  of  the  montane 
chaparral  of  the  Sierra  Nevada,  Klamath,  and  North 
Coast  Mountains. 

Inventory 

California's  oak  resource  is  estimated  at  about  3  billion 
ft^  (85  million  m')  net  volume. ^  However,  the  total  grow- 
ing stock  volume  probably  is  greater  than  this  because 
much  of  it  is  in  open-grown  savanna-type  trees  not  nor- 
mally included  in  volume  estimates  (fig.  6).  California 
black  oak  and  tanoak  account  for  about  2.2  billion  ft' (62 
million  m'),  or  about  72  percent  of  the  reported  volume 
(fig.  7).  The  average  annual  growth,  as  a  gain  in  volume, 
of  the  nine  tree  species  referred  to  earlier  was  about  66 
million  ftMl.9  million  m')  in  1975. 

Data  on  volume  and  yield  are  scarce.  Local  volume 
tables  are  available  for  California  black  oak.  Pacific 
madrone,  and  tanoak  (McDonald  1978).  These  tables  pro- 
vide information  on  bark  thickness,  height,  diameter, 
volume,  and  crown  relationships.  Stand  volume  and 
weight  tables  are  also  available  for  the  Central  Coast 
woodland  oak  species  (Pillsbury  and  Stephens  1978).  The 
tables  are  for  the  open-grown,  uniformly  dense,  branchy 
tree  forms  typical  of  coast  live  oak,  interior  live  oak,  and 
blue  oak  in  that  area.  Volume  tables  have  recently  been 
developed  for  valley  oak." 


^Mallory,  James  1.  1979.  Personal  communication.  Soil-Veg.  Surv., 
Calif.  Dep.  For.,  Redding,  Calif. 


^Bolsinger,  Charles  L.   1978.  Personal  communication.  Forest  Serv., 
U.S.  Dep.  Agric,  Portland,  Oreg. 

"Pillsbury,  Norman.  1978.  Personal  communication.  Calif.  Polytech. 
State  Univ.,  San  Luis  Obispo. 


Figure  5— Combined  distribution  of  tanoak  {Lithocarpus  den- 
siflorus)  and  eight  oaks  {Quercus  spp.)  reaching  tree  size  is  shown 
in  this  map  (after  Griffin  and  Critchfield  1972). 


Figure  6— Several  million  acres  of  oak  woodland  are  composed  of 
open-grown  trees  witfi  branchy,  wide-spreading  crowns. 


Figure  7— Much  of  California's  oak  resource  is  in  young-growth 
similar  to  this  black  oak  stand  in  Shasta  County. 


OAK  GEOGRAPHY  AND  ECOLOGY 


The  presence  of  the  extensive  oak  stands  distributed 
throughout  California  today  is  the  result  of  millions  of 
years  of  evolutionary  development — development  in- 
fluenced primarily  by  climatic  conditions,  but  in  which 
fire  has  also  played  an  important  role. 

Evolutionary  Development 

To  understand  the  response  of  oak  species  to 
manipulation,  we  must  consider  their  paleobotanical 
evolution.  Four  of  the  oak  species  in  California  today  can 
be  traced  directly  to  the  Mascall  Flora  of  the  Miocene 
period  of  12  to  26  million  years  ago.  One  fossil  species, 
Q.  convexa,  may  be  a  common  parent  for  the  modern- 
day  true  evergreen  oaks  (Chaney  1925).  Blue  oak  ap- 
parently had  a  Miocene  ancestor  as  well  (Axelrod  1950). 

These  oaks  have  survived  catastrophic  vulcanism, 
glaciation,  upheaval,  and  subsidence  in  at  least  part  of 
their  present  range.  Some  species  and  their  vegetative 


associates  not  only  have  been  evolving  and  adapting  for 
millennia,  but  have  done  so  as  components  of  com- 
munities which  are  largely  intact  today.  The  tanoak- 
Pacific  madrone-California  black  oak  complex  of  the 
mixed-evergreen  forest  of  northwestern  and  north-central 
California  is  an  example  of  this  development. 

Animals  are  part  of  this  community  as  well.  Those 
which  disseminate  acorns  could  well  have  been  the  means 
by  which  the  oaks  survived  the  catastrophic  geological 
events  of  the  past.  "It  is  not  extravagance,  but  good  in- 
vestment, for  the  oaks  to  provide  subsistence  for  a  con- 
tinuing population  of  animal  associates"  (Grinnell  1936). 

Climatic  Influence 

Oaks,  either  as  individual  species  or  as  community 
associates,  readily  adapt  to  climatic  extremes  {table  2).  In 
most  of  California,  rain  falls  mainly  during  late  autumn, 
winter,  and  early  spring,  with  very  little  from  June 
through  August.  Except  along  the  immediate  coast,  mean 
maximum  and  minimum  temperatures  vary  greatly  be- 
tween summer  and  winter.  Many  oaks  grow  a  little  during 
mild  winter  weather. 


Table  1— Climatic  variables  affecting  major  vegetation  types  that  in- 
clude native  California  oaks' 


Average 
annual 
rainfall 

Average  annual  temperatures 

Frost-free 

Vegetation  type 

Max.  summer 

Min.  winter 

days 

Inches 

°F 

Woodland: 

Northern 

25  to  40 

80  to  94 

31  to  38 

180  to  265 

Foothill 

15  to  40 

75  to  96 

29  to  42 

175  to  310 

Southern 

15  to  25 

84  to  92 

32  to  44 

200  to  350 

Mixed  conifer^ 

25  to  80 

80  to  93 

22  to  34 

90  to  210 

Mixed  evergreen 

25  to  65 

75  to  95 

29  to  39 

200  to  300 

Chaparral 

14  to  25 

82  to  94 

29  to  45 

250  to  360 

'Source:  Munz  and  Keck  (1959). 

^Values  are  for  the  Yellow  Pine  Forest  community. 


The  climatic  range  of  some  of  the  vegetation  types 
overlap,  and  thus  several  species  are  common  to  more 
than  one  type.  In  general,  each  oak  is  found  where 
moisture  and  temperature  combine  to  meet  its  particular 
environmental  requirements,  regardless  of  vegetation 
type. 

Fire  Influence 

Because  of  the  long,  hot,  dry  California  summers,  fire 
hazard  is  high.  During  the  past  several  million  years,  fire 
has  had  an  important  influence  on  the  current  distribu- 
tion of  oak  vegetation.  Fire  often  eliminates  the  oak's 
chief  competitors — conifers — and  influences  oak  species 
composition,  density,  and  form.  Though  beneficial  in  a 
long-term  sense,  fire  does,  of  course,  kill  oak  trees:  "Any 
fire  damages  a  stand  of  California  black  oak"  (Edwards 
1957).  Crown  fires  kill  trees  of  all  ages  and  ground  fires, 
if  not  fatal,  injure  the  bole,  and  thus  facilitate  entry  of  in- 
sects and  disease.  Even  if  the  bark  is  1  to  3  inches  (2.5  to 
7.6  cm)  thick,  as  for  tanoak,  some  trees  are  badly  in- 
jured. Indeed,  "fire  is  the  principal  enemy  of  individual 
tanoak  trees"  (Roy  1957). 

Plants  have  adapted  to  fire  by  several  mechanisms,  in- 
cluding (1)  the  continual  production  of  dormant  buds, 
protected  by  bark  or  soil,  which  begin  active  growth  after 
injury  to  the  stem  or  crown;  (2)  heat-induced  flowering; 
(3)  heat-induced  release  of  seed  held  on  the  plant;  and  (4) 
heat-induced  germination  of  dormant  seed  (Gill  1977). 
Sprouting  of  dormant  buds  is  the  most  important  sur- 
vival mechanism  of  oaks  (fig.  8). 

Another  adaptation  is  the  low  sensitivity  of  certain  oak 
species  to  fire.  Coast  live  oak  is  tolerant  of  fire  and  may 
sprout  from  the  main  trunk  and  upper  branches  after  be- 
ing charred  completely  (fig.  9).  It  has  thick,  live,  inner 
bark  and  practically  no  dead  outer  bark.  Most  other  oak 
species  are  more  sensitive  to  fire.  Canyon  live  oak  may  be 


damaged  by  a  low-intensity  ground  fire  (fig.  10).  It  has  a 
flammable,  flaky  outer  bark  that  contributes  to  its 
destruction.  Because  it  often  grows  in  rocky  areas, 
however,  where  ground  cover  is  sparse,  it  tends  to  escape 
serious  fire  damage. 

If  burning  occurs  too  often,  sprouting,  either  from 
bole  or  root  crown,  can  be  of  limited  value  in  preserving 
oak  trees.  The  minimum  "safe"  interval  between  fires, 
however,  has  not  yet  been  determined.  Usually,  at  least 
some  of  the  oaks  in  a  stand  will  be  killed  in  every  fire. 
The  shorter  the  span  between  successive  fires,  the  greater 
the  number  of  trees  killed  in  a  given  length  of  time.  Suffi- 
cient time  must  elapse  between  fires  for  the  trees  to 
recuperate  and  for  reproduction  to  become  established.  It 
can  be  assumed  that  if  fires  occur  at  frequent  intervals, 
some  oak  species  may  be  replaced  by  vegetation  with  a 
shorter  natural  rotation  age,  like  grass,  or  by  species  hav- 
ing a  widely  disseminated  seed  source,  like  some  woody 
shrubs  (Wells  1962). 

Whether  aboriginal  man  used  fire  as  a  tool  before 
European  settlement  is  not  clear  (Griffin  1976).  Although 
the  Indians  unquestionably  used  fire  for  various  pur- 


Figure  8— Most  oak  species  vigorously  sprout  from  the  base  or  root 

crown  after  topkill  by  fire. 


Figure  9— Coast  live  oak  trees  will  sprout  along  the  main  trunk  and 
upper  crown  even  though  severely  burned  (sprouts  are  2  to  3  feet 
long  within  2  years  after  burning). 


poses,  they  probably  burned  less  area  than  is  often  sug- 
gested (Burcham  1959).  Evidence  of  the  ecological  effect 
of  fire  has  been  obscured  in  the  last  200  years  by  "civi- 
lized" man,  who  not  only  sets  fires  but  also  attempts  to 
exclude  them,  though  with  questionable  success. 


OAK  MANAGEMENT 


If  the  maximum  amount  of  goods  and  services  is  to  be 
obtained  from  a  natural  resource  like  the  oak  stands  and 
woodlands,  they  must  be  managed  for  a  specific  product 
or  group  of  compatible  products.  Nature  cannot  be 
allowed  to  take  its  own  random  course.  Successful 
management  thus  implies  considerable  knowledge  of  the 
system  being  managed  so  that  appropriate,  positive  ac- 
tions are  taken. 

Use  of  traditional  silvicultural  techniques  in  Califor- 
nia's oak  stands  is  rare.  In  fact,  rough  guidelines  for 
managing  California  black  oak  in  California's  National 


Forests  are  only  now  being  developed,  although  one 
private  timber  company  in  northwestern  California  is 
managing  tanoak  on  a  nonintensive  basis.  Even-aged 
silviculture  is  recommended  if  production  of  high  quality 
sawtimber  and  veneer  is  the  primary  management  objec- 
tive. Present  knowledge  suggests  that  this  goal  is  probably 
best  achieved  through  clearcutting  or  possibly  a  form  of 
shelterwood  cutting.  Modifications  of  silvicultural  techni- 
ques will  be  needed  when  management  for  other  resources 
or  combinations  of  resources  is  performed. 

Silvicultural  research  on  California  oaks  is  in  its  infan- 
cy. Bibliographies  on  California  black  oak  (McDonald 
and  Sundahl  1967)  and  tanoak  (McDonald  1977)  are 
available,  however.  A  study  on  the  silviculture-ecology  of 
California  black  oak,  tanoak,  and  Pacific  madrone  on 
good  sites  is  aimed  at  regenerating  these  species,  quanti- 
fying sprout  dynamics,  determining  stand  growth  and 
yield,  and  gaining  a  better  understanding  of  their  ecology 
(McDonald  1978). 

Annual  volume  growth  from  a  stand  thinned  to  dif- 
ferent basal  areas  is  shown  in  table  3.  The  original  stand 
was  a  mixture  of  60-year-old  California  black  oak,  tan- 
oak, and  Pacific  madrone,  with  an  average  basal  area  of 
198  ft^/acre  (46  m^/ha),  and  an  average  of  659  stems  per 
acre  (1628/ha)  greater  than  2  inches  (5  cm)  d.b.h.  The 
stands  were  thinned  to  six  different  basal  areas  ranging 
from  85  to  141  ft^  of  basal  area  per  acre  (19  to  32 
m^/ha).  Thinned  stems  to  a  2-inch  (5-cm)  top  were  used 
in  a  commercial  firewood  operation.  After  6  years, 
greatest  growth  had  occurred  on  plots  thinned  to  basal 
areas  of  102  and  125  ft^  per  acre  (23  and  29  m^/ha).  Mor- 
tality appeared  to  be  related  to  species  and  plot  density. 
At  densities  above  125  ft^  per  acre,  the  too-shady  en- 
vironment was  adverse  to  California  black  oak;  at  den- 
sities below  102  ft^,  which  resulted  in  an  environment 
that  was  brighter  and  hotter,  mortality  was  greatest  for 


Table  i— Volume  growth  for  California  black  oak,  tanoak,  and  Pacific 
madrone.  by  different  residual  basal  area  levels,  for  6-year  period, 
Yuba  County,  California 


Item 

Growth  on  plots  thinned  to  residual  basal 
area  level  (ftVacre)  of  ... 

Growth  on 
control  plot 
(basal  area 

85 

102 

110 

125 

136 

141 

209  ft^/acre) 

Gross  annu 

growth 
Mortality 
Net  annual 
growth 

al 

70.4 

22.7 

47.7 

87.5 
0.0 

87.5 

Ft^/acre/yr 

80.7      93.3      73.3 
8.4        0.0      20.0 

72.3      93.3      53.3 

81.7 
7.8 

73.9 

93.0 
21.1 

71.9 

Figure  10— Canyon  live  oak  is  sensitive  to  even  a  light  ground  fire 
which  often  completely  girdles  the  tree. 


tanoak  and  Pacific  madrone.  Too  little  time  has  elapsed 
to  justify  projection  of  these  preliminary  results;  never- 
theless, results  so  far  are  encouraging.  More  than  one- 
third  of  the  original  stand  has  been  harvested,  while  a 
rate  of  growth  much  greater  than  that  of  the  uncut  stand 
has  been  maintained. 

Other  examples  of  oak  management  are  less  oriented  to 
wood  and  fiber  production.  In  southern  California,  the 
concern  of  a  large  human  population  for  environmental 
quality  is  a  major  force.  Often,  when  a  large  tract  of  land 
is  to  be  developed,  environmental  impact  reports  must  be 
prepared  and  efforts  made  to  save  the  native  trees.  Con- 
sulting firms  in  private  forestry  contribute  to  this  process, 
considering  the  effects  of  road  and  home  construction, 


cutting  and  filling  of  earth,  damage  to  roots,  runoff  from 
streets,  and  increased  susceptibility  to  disease  and  other 
agents. 

To  assess  the  above  effects,  urban  foresters  are  begin- 
ning to  gather  basic  data  on  root  distribution  and  pat- 
tern, incidence  of  disease,  and  response  of  oaks  to  a  kind 
of  manipulation  different  from  that  which  is  commodity 
oriented.  Thus,  lessons  learned  in  the  city  may  someday 
apply  to  the  forest. 


Stand  Regeneration 


Methods  of  regenerating  native  California  oaks  for  a 
variety  of  purposes,  mostly  horticultural,  have  probably 


received  more  consideration  than  most  other  aspects  of 
oak  management.  Native  oak  seedlings  currently  are 
grown  almost  exclusively  in  commercial  horticultural 
nurseries.  Large  seedlings,  several  years  old,  form  the 
bulk  of  the  outplanted  material.  Few  native  oak  seed- 
lings, if  any,  are  grown  in  forest  nurseries,  and  no  in- 
stances of  regenerating  oak  as  a  regular  forest  operation 
are  known. 

Natural  regeneration  consists  of  seedlings  and  root- 
crown  sprouts.  In  mixed-evergreen  and  mixed-conifer 
forests,  both  forms  of  regeneration  usually  are  present. 
Numbers  per  acre  range  from  a  very  few  to  several  thou- 
sand, depending  on  number  of  stumps,  availability  of 
seed,  kind  of  seedbed,  seed  consumers,  and  many  other 
factors.  In  the  woodlands,  however,  natural  regeneration 
often  is  lacking  (Griffin  1976,  White  1966).  Why 
regeneration  is  so  poor  is  not  known,  although  many 
reasons  have  been  suggested,  including  an  abundance  of 
herbivores,  frequent  fires,  and  replacement  of  native 
perennial  grasses  by  possibly  more  competitive  annual 
grasses. 

Seedlings 

Acorn  crops  vary  in  size  from  year  to  year  and  from 
tree  to  tree.  Accurate  records  have  not  been  kept  for  most 
California  oaks,  but  many  species  seem  to  have  a  2-  or 
3-year  interval  between  heavy  crops.  This  pattern  is  true 
for  valley  oak  (Griffin  1976).  In  one  study  area  in  the 
Santa  Lucia  Mountains,  Griffin  tallied  an  average  of  9.1 
acorns  per  ft^  (98/m2)  for  four  trees  in  one  year,  fol- 
lowed by  subsequent  annual  crops  of  0.6,  2.8,  0.1,  and 
6.0  acorns  per  ft^. 

A  large  crop  of  acorns  early  in  the  growing  season  does 
not  guarantee  a  large  crop  of  acorns  at  maturity.  In  a 
study  near  Lake  Arrowhead,  153  acorns  on  small  bran- 
ches of  a  canyon  live  oak  were  numbered  and  their  condi- 
tion was  periodically  rated  as  follows: 


July  13         August  24 

Drns: 

Percent 

Healthy 

80                   23 

Undeveloped 

8                  10 

With  insects 

8                   20 

Missing  (only  cups  present) 

4                    47 

As  the  acorns  would  not  mature  for  at  least  1  Vi  to  2  more 
months,  by  then  even  fewer  healthy  acorns  could  be  ex- 
pected to  remain.  Wildlife  may  also  reduce  an  immature 
acorn  crop  on  the  tree.  For  example,  during  late 
September  (from  1971  to  1974),  squirrels  harvested  all  of 
the  acorns  from  several  scrub  oak  trees  being  studied. 

Acorns  of  most  species  germinate  freely,  but  seedling 
survival  longer  than  a  few  years  is  difficult  for  valley  oak 
and  blue  oak.  In  the  Santa  Lucia  study,  550  seedlings 
were  tagged  between  1970  and  1973;  by  1974,  no  living 
seedlings  were  found  (Griffin  1976).  They  were  eaten  by 
deer,  birds,  insects,  squirrels,  and  cattle.  Pocket  gophers 


are  known  to  eat  both  the  shoots  and  the  roots  and  may 
kill  young  trees  up  to  age  6. 

Because  mature  scrub  oak  acorns  were  rarely  found  on 
the  ground,  tests  were  run  to  determine  how  early  in  the 
growing  season  viable  acorns  could  be  picked.  Acorns 
were  collected  five  times  at  2-week  intervals.  The  tips  of 
the  acorn  shells  were  either  left  intact  or  removed  at 
seeding  time.  Results  (for  15  to  40  acorns  per  treatment 
per  collection  date)  are  as  follows: 

Percent  germination  when  collected  on. . . 


Aug. 

Aug. 

Sept. 

Sept. 

Oct. 

Avera 

17 

31 

14 

28 

12 

Treatment: 

Intact  acorns 

15 

4 

0 

20 

90 

26 

Tips  removed 

50 

89 

86 

100 

95 

84 

Viable  acorns  could  be  picked  as  early  as  August  17, 
but  successful  germination  depended  on  removing  the  tip 
of  the  acorn  shell  at  the  time  of  seeding.  Detipped  acorns 
germinated  sooner  than  those  left  intact.  Percent  of 
acorns  germinating  increased  for  both  treatments  as  the 
season  progressed  and  by  October  12,  germination  of  in- 
tact acorns  was  almost  as  high  as  for  the  detipped  ones 
and  emergence  was  just  as  rapid. 

The  position  of  the  acorn  in  the  ground  affects  ger- 
mination. In  a  large  field  test,  840  tanoak  acorns  were 
seeded  point  up,  722  point  down.  A  cumulative  record  of 
new  seedlings  indicated  the  importance  of  acorn  position: 

Seedlings  recorded  on... 

Apr.  May  June      June      July      Aug.       Sept. 

19  18  8  28  18  28  18 

Acorns  seeded: 

Point  up  317  415  436 


440        445  —  — 


Point  down 


70 


110 


140 


157 


163 


165 


Maximum  germination  thus  was  achieved  by  July  18  for 
the  acorns  placed  point  up,  but  not  until  September  18 
for  those  placed  point  down.  Almost  three  times  as  many 
seedlings  originated  from  acorns  placed  point  up. 

Acorns  of  the  white  oaks  generally  do  not  store  well, 
and  storage  is  even  less  satisfactory  when  the  acorns  are 
picked  before  maturity  and  stored  without  partial  drying. 
Acorns  germinate  and  develop  gradually  when  stored  in  a 
plastic  bag  at  35°F  (2°C),  eventually  becoming  a  twisted 
mass  of  moldy  roots  and  partially  developed  shoots. 

Reducing  acorn  fresh  weight  lengthens  their  storage 
period.  Several  tests  with  scrub  oak  acorns  picked  in  mid- 
September  have  shown  that  they  would  not  germinate  in 
cold  storage  after  air  drying  to  60  percent  of  their  initial 
fresh  weight  (IFW)  {table  4).  These  acorns  remained 
viable  for  8  months,  and  some  were  still  viable  after  15 
months. 

The  effect  of  drying  on  acorn  viability  is  complicated 
because  acorns  picked  prematurely  have  a  higher 
moisture  content  than  those  picked  when  mature.  Thus, 


Table  4 —  Germination  of  scrub  oak  acorns  (based  on  10  acorns  per  treat- 
ment) picked  in  mid-September  and  dried  to  different  moisture  contents 


Germination  during  and  after  storage  period  (months) 

Moisture 

content' 

0 

2 

4 

6 

8 

During 

After 

During 

After 

During 

After 

During 

After 

Percent 

100 

90       84        100       100        100       100        100       100        — ^ 

80 

90         7        100         58        100         90        100       — ^         — ^ 

60 

—3         0         80          0        100          0         70          0         90 

40 

000000000 

'Percent  of  initial  fresh  weight. 
^Frozen  during  storage. 
'No  available  data. 


acorns  picked  in  mid-August  remained  viable  when  dried 
to  40  percent  of  their  IFW;  those  picked  in  mid- 
September  were  killed  when  dried  below  50  percent  IFW. 

Sprouts 

Both  young-growth  California  black  oak  and  tanoak 
stumps  sprout  vigorously  after  cutting  and  produce  dense 
clumps  of  competing  stems.  The  number  of  sprouts  per 
stump  varies  with  the  cutting  method.  Forty-nine  Califor- 
nia black  oak  sprouting  stumps  were  studied  in  stands  on 
a  good  site;  stands  had  been  clearcut,  or  cut  to  shelter- 
wood  standards  with  50  percent  of  the  basal  area  re- 
moved. The  number  of  sprouts  per  stump  was  initially 
half  as  numerous  in  the  shelterwood  as  in  the  clear- 
cutting.  After  10  years  {table  5),  sprouts  were  only  slight- 
ly fewer  in  the  shelterwood. 

To  determine  competition  among  individual  sprouts  on 
each  stump,  20  sprouting  California  black  oak  stumps  in 
the  clearcutting  were  thinned  to  four  sprouts  per  stump. 
Both  thinned  and  unthinned  sprouts  were  compared  in 
height  to  unthinned  sprouts  in  the  shelterwood  (table  5). 

The  inhibiting  effect  of  the  shelterwood  trees  is 
reflected  in  sprout  height  as  it  previously  was  in  sprout 
number.  On  the  clearcut  site,  thinned  clumps  did  not  dif- 
fer significantly  in  height  growth  from  unthinned  clumps. 
As  the  dominant  sprouts  of  unthinned  clumps  apparently 
capture  a  maximum  amount  of  available  resources,  thin- 
ning California  black  oak  sprout  clumps  does  not  appear 
to  be  profitable. 

Vegetative  Propagation 

Oak  cuttings  are  generally  difficult  to  root.  However, 
more  than  80  percent  rooting  of  shrub  turbinella  oak  (Q. 
turbinella  Greene)  "softwood"  cuttings  was  obtained  in 
Arizona  from  3-year-old  greenhouse-grown  plants  by 
Davis  (1970).  He  controlled  the  temperature  of  both  the 
mist  chamber  and  the  rooting  medium  independently. 
Based  on  seedling  root  growth  studies,  he  found  86°F 


(30° C)  to  be  the  best  temperature  for  the  rooting 
medium,  and  about  10°F  cooler  for  the  air  above. 

Using  a  total  of  430  stem  cuttings  from  actively  grow- 
ing or  dormant  1-  and  2-year-old  scrub  oak  seedlings,  up 
to  40  percent  rooting  was  obtained  under  intermittent 
mist  and  a  rooting  medium  temperature  of  around  75°F 
(24°C).  Ten  weeks  after  cutting,  rooting  of  sections  from 
actively  growing  shoot  terminal  sections  was  twice  that  of 
dormant  terminal  sections. 

The  use  of  tissue  culture  techniques  to  propagate  scrub 
oak  was  attempted  in  1971  using  buds,  meristems,  and 
other  tissue.  Several  factors  were  evaluated  including 
solid  versus  liquid  media,  light  versus  darkness,  and 
various  levels  of  growth  regulators.  Although  callus 
tissue  developed  in  many  of  the  tests,  differences  between 
treatments  were  not  obvious,  and  none  were  effective  in 
producing  differentiated  tissue  (roots  or  shoots).  One 
notable  exception  was  the  development  of  0.5-  to  1.0-inch 
(1-  to  2-cm)  long  "roots"  from  a  few  cultures  in  one  test. 
This  result,  however,  could  not  be  verified.  Successful 
use  of  oak  buds  to  produce  rooted,  entire  plants  was 
recently  reported;'  clonal  propagation  of  oaks  may  soon 
be  practical. 

Fire  as  a  Management  Tool 

Although  fire  is  anathema  to  individual  oak  trees,  it  is 
essential  for  continuation  of  oak  stands  under  natural 
conditions,  especially  on  commercial  timber  sites  where 
the  inherently  taller  conifers  are  more  competitive.  By 
destroying  the  conifers,  the  oaks  are  free  to  sprout. 
Because  of  rapid  sprout  growth,  the  oaks  capture  the  area 
and  are  perpetuated. 


'McCown,  Brent  H.  Presented  at  the  workshop  on  seedling  physiology 
and  growth  problems  in  oak  planting,  Columbia,  Mo.,  Nov.  6-7,  1979. 


Table  5 — Average  number  of  California  black  oak  sprouts  per  stump 
and  sprout  height  for  10  years  on  the  Challenge  Experimental  Forest, 
Yuba  County,  California 


Height  of  sprouts 

Years 

Sprouts 
per  stump 

after 

Clearcut 

cutting 

Shelterwood 

Clearcut 

Shelterwood 

Thinned 

Unthinned 

(Unthinned) 

0 

55+               28 

1 

2.0 

2 

55+               23 

— 

— 

2.9 

4 

35                   17 

7.5 

7.9 

3.9 

6 

23                   15 

12.5 

12.1 

4.9 

8 

18                   13 

16.1 

16.1 

5.9 

10 

15                   12 

19.3 

19.7 

7.0 

No  available  data. 
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Fire  is  also  an  almost  inescapable  occurrence  in  estab- 
lished California  woodlands;  attempting  to  exclude  it  is 
not  practical.  Although  a  policy  of  fire  exclusion  may 
permit  development  of  large  trees  whose  trunks  and  up- 
per crowns  resist  fire  damage,  periodic  low-intensity  fires 
should  reduce  fuel  loading  and  prevent  high  intensity 
fires  that  kill  the  trees.  Thus,  fire  used  as  a  management 
tool  could  eliminate  vegetative  competition  and  reduce 
heavy  fuel  accumulations  on  the  ground.  This  is  especial- 
ly feasible  where  trees  are  valued  primarily  for  recreation, 
wildlife,  or  values  other  than  wood  products  and  a  small 
amount  of  injury  from  fire  may  be  of  minor  importance. 
For  example,  prescribed  fire  might  be  used  to  manage 
coast  live  oak  which  is  resistant  to  fire  injury.  However, 
unless  protected,  seedlings  and  small  trees  would  be 
damaged,  and  acorn  production  reduced  if  crowns  are 
damaged. 

The  effect  of  fire  on  tree  disease  has  had  little  attention 
other  than  as  fire  wounds  providing  ports  of  entry  for 
pathogens  (Parmeter  1977). 


FUTURE  DIRECTIONS 


Forest  landowners  in  California  seem  to  have  adopted 
a  "wait  and  see"  attitude  toward  management  of  their 
oak  stands.  Plainly,  those  stands  having  poor  form  and 
slow  growth  are,  for  the  foreseeable  future,  best  suited 
for  development  of  nontimber  values.  But  stands  having 
good  form  and  good  growth  have  potential  timber 
values. 

An  expanding  population  and  accelerated  demands  for 
wood  products,  fuel,  and  fiber  create  a  growing  interest 
in  the  management  of  oak  stands.  Only  through  increased 
interest,  and  in  turn  increased  management,  will  Califor- 
nia's oak  resource  make  a  full  contribution  to  the  pro- 
ductivity of  California  forests. 
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Native  oak  species  grow  on  15  to  20  million  acres  (6  to  8  million  ha)  of  California  land, 
and  have  an  estimated  net  volume  of  about  3  billion  ft^  (85  million  m-*).  This  resource, 
valuable  not  only  for  traditional  wood  products,  but  also  for  wildlife  habitat,  watershed 
protection,  and  recreational-esthetic  values,  is  not  effectively  managed,  partly  because  of  a 
lack  of  silvicultural  and  other  management  knowledge.  Some  helpful  information  is 
available.  Viable  acorns  of  scrub  oak  (Quercus  dumosa  Null.)  can  be  picked  1  Vi  to  2  months 
before  normal  maturity,  and  after  proper  drying,  can  be  stored  for  at  least  1  year  at  3  to  4° 
C.  Mixed  stands  of  California  black  oak  (Q.  kelloggii  Newb.),  tanoak  (Lithocarpus  den- 
sif torus  [Hook.  &  Arn.l  Rehd.),  and  madrone  (Arbulus  menziesii  Pursh)  increased  growth 
when  thinned  to  102  to  125  ff'  of  basal  area  (23  to  29  m'^/ha).  But,  thinning  sprouts  of  in- 
dividual California  black  oak  stumps  did  not  enhance  growth  of  the  remaining  sprouts. 
Fire  can  be  a  management  tool  for  some  species,  such  as  coast  live  oak,  Q.  agri/olia  Nee, 
which  is  fire  tolerant. 


Relrieval  Terms:  Quercus  spp.,  Lithocarpus  densiflorus,  California,  timber  management, 
silviculture,  fire  effects 
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Many  studies  involving  quantal  response  include 
more  than  one  explanatory  variable.  The  variables 
in  an  insecticide  bioassay,  for  example,  might  be  the  dose 
of  the  chemical  as  well  as  the  body  weight  of  the  test 
subjects.  P0L02  is  a  computer  program  developed  to 
analyze  binary  quantal  response  models  with  one  to  nine 
explanatory  variables.  Such  models  are  of  interest  in 
insecticide  research  as  well  as  in  other  subject  areas.  For 
examples  of  other  applications,  texts  such  as  those  by 
Domencich  and  McFadden  (1975)  and  Maddala  (1977) 
should  be  consulted. 

For  models  in  which  only  one  explanatory  variable  (in 
addition  to  the  constant)  is  present,  another  program, 
POLO  (Russell  and  others  1977,  Savin  and  others  1977, 
Robertson  and  others  1980)  is  available.  However,  the 
statistical  inferences  drawn  from  this  simple  model  may  be 
misleading  if  relevant  explanatory  variables  have  been 
omitted.  A  more  satisfactory  approach  is  to  begin  the 
analysis  with  a  general  model  which  includes  all  the 
explanatory  variables  suspected  as  important  in  explaining 
the  response  of  the  individual.  One  may  then  test  whether 
certain  variables  can  be  omitted  from  the  model.  The 
necessary  calculations  for  carrying  out  these  tests  are 
performed  by  P0L02.  If  the  extra  variables  are  not 
significant  in  the  multiple  regression,  a  simple  regression 
model  may  be  appropriate. 

The  statistical  documentation  of  POL02,  descriptions 
of  its  statistical  features,  and  examples  of  its  application 
are    described    in    articles    by    Robertson    and    others 
(1981  a,  b),  and  Savin  and  others  (1981). 
I        The  P0L02  program  is  available  upon  request  to: 

Director 

Pacific  Southwest  Forest  and  Range  E.xperiment  Station 

P.O.  Box  245 

Berkeley,  California  94701 

Attention:  Computer  Services  Librarian 

A  magnetic  tape  with  format  specifications  should  be  sent 
,    with  the  request.  The  program  is  currently  operational  on 


the  Univac  1 100  Series,  but  can  be  modified  for  use  with 
other  large  scientific  computers.  The  program  is  not 
suitable  for  adaptation  to  programmable  desk  calculators. 
This  guide  was  prepared  to  assist  users  of  the  P0L02 
program.  Selected  statistical  features  of  the  program  are 
described  by  means  of  a  series  of  examples  chosen  from  our 
work  and  that  of  others.  A  comprehensive  description  of 
all  possible  situations  or  experiments  amenable  to 
multivariate  analyses  is  beyond  the  scope  of  this  guide.  For 
experiments  more  complex  than  those  described  here,  a 
statistician  or  programmer,  or  both,  should  be  consulted 
regarding  the  appropriate  use  of  P0L02. 


1.  GENERAL  STATISTICAL 
FEATURES 


Consider  a  sample  of  I  individuals  indexed  by  i  =  1 1. 

For   individual   i  there  is  an  observed  Jxl    vector  s,'  = 

(S|,, sji)    of   individual    characteristics.    In    a    binary 

quantal  response  model  the  individual  has  two  responses 
or  choices.  These  can  be  denoted  by  defining  the  binomial 
variable 

f,  =  1  if  the  first  response  occurs 

(if  alternative  1  is  chosen), 
fi  =  0  if  the  second  response  occurs 
(if  alternative  2  is  chosen). 

For  example,  in  a  bioassay  of  toxicants  the  individuals  are 
insects  and  the  possible  responses  are  dead  or  alive.  The 
measured   characteristics   may   include   the  dose  of  the 
toxicant,  the  insect's  weight  and  its  age. 
The  probability  (P)  that  f,  =  1  is 

P,  ^  F()3'z,) 


where  F  is  a  cumulative  distribution  function  (CDF) 
mapping  points  on  the  real  line  into  the  unit  interval, 

P'  -{  P  \ /3k)  is  a  Kxj  vector  of  unknown  parameters, 

^ki  ^''kCSi)  is  a  numerical  function  of  s,,  and  z,'=  (zi, Zk.,) 

is  Kx  I  vector  of  these  numerical  functions.  If,  for  instance, 
weight  is  one  of  the  measured  characteristics,  then  the 
function  Zk,  may  be  the  weight  itself,  the  logarithm  of  the 
weight  or  the  square  of  the  weight. 
For  the  probit  model 

P,  =  F(y3'z,)  =  c^(/?'z,) 

where  4>  is  the  standard  normal  CDF.  For  the  logit  model 

P,  =  F(i3'z,)=l/[l+e'^''a 

P0L02  estimates  both  models  by  the  maximum  likelihood 
(ML)  method  with  grouped  as  well  as  ungrouped  data. 

The  ML  procedure  can  be  applied  to  the  probability 
function  P,  =  F(^'zi)  where  F  is  any  CDF.  Since  f,  is  a 
binomial  variable,  the  log  of  the  probability  of  observing  a 
given  sample  is 

I 

L  =  ;^[f,iogp, +  (i-f,)iog(i-p,)] 

i=  I 

where  L  is  referred  to  as  the  log  likelihood  function.  The 
ML  method  selects  as  an  estimate  of  )8  that  vector  which 
maximizes  L.  In  other  words,  the  ML  estimator  for  (i 
maximizes  the  calculated  probability  of  observing  the 
given  sample. 

When  the  data  are  grouped  there  are  repeated 
observations  for  each  vector  of  values  of  the  explanatory 
variables.  With  grouped  data,  we  change  the  notation  as 
follows.   Now  let  I  denote  the  number  of  groups  and 

i=l I  denote  the  levels  (z,,  s,)  of  the  explanatory 

variables.  Let  n,  denote  the  number  of  observations  at  level 
i  and  rj  denote  the  number  of  times  that  the  first  response 
occurs.  The  log  likelihood  function  for  grouped  data  is 
then 


of-fit  are  routinely  calculated.  One  is  the  prediction  success 
table  (Domencich  and  McFadden  1975),  which  compares 
the  results  predicted  by  the  multiple  regression  model  with 
the  results  actually  observed.  The  other  goodness-of-fit 
indicator  is  the  calculation  of  the  likelihood  ratio  statistic 
for  testing  the  hypothesis  that  all  coefficients  in  the 
regression  are  equal  to  zero.  Finally,  a  general  method  for 
transformation  of  variables  is  included. 


2.  DATA  INPUT  FORMAT 


2.1  Starter  Cards 

Every  P0L02  run  starts  with  five  cards  that  call  the 
program  from  a  tape(//tf.  /). These  cards  reflect  the  current 
Univac  1 100  implementation  and  would  be  completely 
different  if  P0L02  were  modified  to  run  on  a  different 
computer.  All  of  the  remaining  input  described  in  sections 
2.2-2.9  would  be  the  same  on  any  computer. 
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Figure  1. 

Cards  2-5  must  be  punched  as  shown.  In  card  I,  the 
user's  identification  and  account  number  should  be  placed 
in  columns  10-21.  Column  24  is  the  time  limit  in  minutes; 
the  page  limit  is  listed  in  columns  26-28.  Both  time  and 
page  limits  may  be  changed  to  meet  particular  needs. 


L  =  ^[r.logP,  -(n,-r,)log(l-P,)] 

i  =  1 

Again,  the  ML  method  selects  the  vector  that  maximizes 
the  log  likelihood  function  L  as  an  estimate  of  ^.  For 
further  discussion  of  the  estimation  of  probit  and  logit 
models  with  several  explanatory  variables,  see  Finney 
(1971)  and  Domencich  and  McFadden  (1975). 

The   maximum   of  the  log  likelihood   is  reported  to 
facilitate  hypothesis  testing.  Two  indicators  of  goodness- 


2.2  Title  Card 

Each  data  set  begins  with  a  title  card  that  has  an  equal 
sign  (=)  punched  in  column  1.  Anything  desired  may  be 
placed  in  columns  2-80  {fig.  2).  This  card  is  useful  in 
documenting  the  data,  the  model,  the  procedures  used  for 
the  analysis,  or  equivalent  information.  The  information  is 
reprinted  at  the  top  of  every  page  of  the  output.  Only  one 
title  card  per  data  set  may  be  used. 
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Figure  2. 


2.3  Control  Card 

The  information  on  this  card  controls  the  operation  of 
the  program.  All  items  are  integers,  separated  by  commas 
(fig-  3).    These  numbers  need  not  occur  in  fixed  fields 
(specific  columns  on  a  card ).  Extra  spaces  may  be  inserted 
before  or  after  the  commas  as  desired  (Jig.  4).    Twelve 
integers  must  be  present.  These  are,  from  left  to  right: 


Position 
1 


10 


Internal 
program 
designation 

NVAR 


NV 


LOGIT 


Explanation 

Number  of  regression  coefficients  in  the  model, 
including  the  constant  term,  but  not  including 
natural  response. 

Number  of  variables  to  be  read  from  a  data  card. 
This  number  corresponds  to  the  number  of  F's 
and  I's  on  the  Format  Card  (.sec.  2. 7).  Normally, 
NV=NVAR- 1  because  the  data  do  not  include  a 
constant  1  for  the  constant  term.  NV  may  differ 
from  NVAR-1  when  transformations  are  used 
in  the  analysis. 

LOG1T=0  if  the  probit  model  is  to  be  used; 
LOGIT- I  if  the  logit  model  is  desired. 


KONTROL  One  of  the  explanatory  variables  (for  example, 
dose)  will  be  zero,  for  the  group  when  a  control 
group  is  used.  KONTROL  is  the  index  of  that 
parameter  within  the  sequence  of  parameters 
used,  with  2  <  KONTROL  <  NVAR.  This  limit 
indicates  that  any  parameter  except  the  constant 
term  may  have  a  control  group. 

ITRAN  ITRAN=I   if  variables  are  transformed  and  a 

transformation  card  will  be  read.  ITRAN=0  if 
the  variables  are  to  be  analyzed  as  is  and  there 
will  be  no  transformation  card. 

ISTARV  ISTARV^l  if  starting  values  of  the  parameters 
are  to  be  input;  ISTARV=0  if  they  will  be 
calculated  automatically.  The  ISTARV=1 
option  should  be  used  only  if  the  automatic 
method  fails. 

lECHO  IECHO=l  if  all  data  are  to  be  printed  back  for 

error  checking.  If  the  data  have  been 
scrupulously  checked,  the  1  EC H 0=0  option  may 
be  used  and  the  data  will  not  be  printed  back  in 
their  entirety.  A  sample  of  the  data  set  will  be 
printed  instead. 

NPARN  NPARN=0  if  natural   response,  such  as  that 

which  occurs  without  the  presence  of  an  insecti- 
cide, is  present  and  is  to  be  calculated  as  a 
parameter.  If  natural  response  is  not  a  para- 
meter, NPARN=1. 

IGROUP  IGROUP=0  if  there  is  only  one  test  subject  per 
data  card;  IGROUP=l  if  there  is  more  than  one 
(that  is.  if  the  data  are  grouped). 

NPLL  Number  of  parallel  groups  in  the  data  (see  sec. 

4.1  for  an  example).  NPLL=0  is  read  as  if  it  were 
NPLL=1;  in  other  words,  a  single  data  set  would 
compose  a  group  parallel  to  itself. 

KERNEL  When  a  restricted  model  is  to  be  computed,  some 
variables  will  be  omitted  from  the  model  and  the 


12 


NITER 


regression  will  be  rerun.  I  he  KERNEL  control 
instructs  the  program  how  may  variables  to 
retain.  Variables  1  through  KERNEL  are 
retained,  where  2<  KERNEL  ■,:  NVAR;  vari- 
ables KERNEI.+  I  through  NVAR  aredropped. 
Note  that  variables  can  be  rearranged  as  desired 
through  the  use  of  transformation  or  the  "V 
editing  control  on  the  format  card  (.sec.  2.7). 
When  a  restricted  model  is  not  desired 
KERNEI.=0. 

This  integer  specifies  the  number  of  iterations  to 
be  done  in  search  of  the  maximum  log 
likelihood.  When  N1TER=0.  the  program 
chooses  a  suitable  value.  If  starting  values  are 
input  (ISTARV=1),  N1TER=0  will  be  inter- 
preted as  no  iterations  and  starting  values 
become  the  final  values.  Unless  the  final  values 
are  known  and  can  be  used  as  the  starting  values. 
NITER=50  should  achieve  maximization. 


Figure  3 


1 

2     3     4  Is 

6 

7  1  e 

^ 

10 

1I|U    13   Mho 

">i"|'»l'9p» 

?ll2?^jj., 

3 

H 

,  2  ,10 

1— 

A 

0  . 

1 

i 

a  .1,1 

-i — 1 — ^^t— 

.0,0, 

■  ■*■    t     -! — •— 

0  ,  0 

Control  card  specifying  three  regression  coefficients, 
two  variables  to  be  read  from  a  data  card,  probit  model  to 
be  used,  no  controls,  a  transformation  card  to  be  read,  and 
starting  values  of  the  parameters  to  be  calculated 
automatically.  Data  will  be  printed  back,  natural  response 
is  not  a  parameter,  there  is  one  subject  per  data  card,  no 
parallel  groups,  no  restricted  model  will  be  calculated,  and 
the  program  will  select  the  number  of  iterations  to  be  done 
to  find  the  ma.ximum  values  of  the  likelihood  function. 


Figure  4 
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Control  card  specifying  three  regression  coefficients, 
two  variables  to  be  read  from  each  data  card,  and  the  logit 
model  to  be  used.  The  second  variable  defines  a  control 
group,  a  transformation  card  to  be  read,  starting  values  of 
the  parameters  will  be  calculated  automatically,  data  will 
not  be  printed  back,  natural  response  is  not  a  parameter, 
data  are  grouped  with  more  than  one  individual  per  card, 
and  there  are  no  parallel  groups.  A  restricted  model  with 
the  first  and  second  variables  will  be  calculated,  and  the 
program  will  select  the  number  of  iterations  to  be  done  to 
find  the  maximum  value  of  the  likelihood  function.  All 
integers  will  be  read  as  intended  because  each  is  separated 
from  the  next  by  a  comma,  despite  the  presence  or  absence 
of  a  blank  space. 


2.4  Transformation  Card 

This  card  contains  a  series  of  symbols  written  in  Reverse 
"Polish"  Notation  (RPN)  (see  sec.  2.4.1)  which  defines  one 
or  more  transformations  of  the  variables.  This  option  is 
indicated  by  ITRAN=1  on  the  control  card  (sec.  2.3).  If 
ITRAN=0  on  the  control  card,  the  program  will  not  read  a 
transformation  card. 

2.4.1  Reverse  Polish  Notation 

Reverse  Polish  Notation  is  widely  used  in  computer 
science  and  in  Hewlett-Packard  calculators.  It  is  an 
efficient  and  concise  method  for  presenting  a  series  of 
arithmetic  calculations  without  using  parentheses.  The 
calculations  are  listed  in  a  form  that  can  be  acted  on 
directed  by  a  computer  and  can  be  readily  understood  by 
the  user. 

The  central  concept  of  RPN  is  a  "stack"  of  operands 
(numbers).  The  "stack"  is  likened  to  a  stack  of  cafeteria 
trays.  We  specify  that  a  tray  can  only  be  removed  from  the 
top  of  the  stack;  likewise,  a  tray  can  only  be  put  back  in  the 
stack  at  the  top.  Reverse  Polish  Notation  prescribes  all 
calculations  in  a  stack  of  operands.  An  addition  operation, 
for  example,  calls  the  top  two  operands  from  the  stack 
(reducing  the  height  by  two),  adds  them  together,  and 
places  the  sum  back  on  the  stack.  Subtraction, 
multiplication,  and  division  also  take  two  operands  from 
the  stack  and  return  one.  Simple  functions  like  logarithms 
and  square  roots  take  one  operand  and  return  one. 

How  do  numbers  get  into  the  stack?  Reverse  Polish 
Notation  consists  of  a  string  of  symbols  (the  operators)  and 
the  operands.  The  string  is  read  from  left  to  right.  When  an 
operand  is  encountered,  it  is  placed  on  the  stack.  When  an 
operator  is  encountered,  the  necessary  operands  are 
removed,  and  the  result  is  returned  to  the  stack.  At  the  end 
of  the  scan,  only  one  number,  the  final  result,  remains. 

To  write  an  RPN  string,  any  algebraic  formula  should 
first  be  rewritten  in  linear  form. 


For  example. 


a  +  b 


is  rewritten  (a  +  b)/c. 


The  operands  are  written  in  the  order  in  which  they  appear 
in  the  linear  equation.  The  operators  are  interspersed  in  the 
string  in  the  order  in  which  the  stack  operates,  that  is, 
ab+c/.  No  parentheses  are  used.  When  this  string  is 
scanned,  the  following  operations  occur:  (1)  a  is  put  on  the 
stack,  (2)  b  is  put  on  the  stack,  (3)  +  takes  the  top  two  stack 
items  (a,b)  and  places  their  sum  back  on  the  stack,  (4)  c  is 
put  on  the  stack,  (5)  /  takes  the  top  stack  item  (c),  divides  it 
into  the  next  item  (a+b),  and  places  this  result  back  on  the 
stack.  In  cases  where  the  subtraction  operator  in  an 
algebraic  formula  only  uses  one  operand  (for  example, 
-a+b),  a  single-operand  negative  operator  such  as  N  can  be 
used.  The  string  is  then  written  aNb+. 

Once  a  string  has  been  scanned,  a  means  must  exist  to 
begin  another  stack  for  another  transformation.  This  is 
achieved  by  an  operator  =,  which  disposes  of  the  final 


Number  of 

Number 

of 

operands 

results 

Operation 

2 

addition 

2 

subtraction 

2 

multiplication 

2 
1 
1 

division 
negation 
exponentiation  (10") 

1 

logarithm  (base  10) 

1 

square  root 

2 

0 

store  result 

result.  For  example  (a+b)/c=d  becomes  the  string  ab+c/ d=. 
The  operator  =  takes  two  items  from  the  stack  and  returns 
none;  the  result  is  stored  and  the  stack  is  empty. 

2.4.2  Operators 

The  operators  used  in  POL02  are: 


Operator 


2.4.3  Operands 

The  operands  are  taken  from  an  array  of  values  of  the 
variables,  that  is,  xi,  X2,  X3,...,Xn.  These  variables  are 
simply  expressed  with  the  subscripts  (1,2,3,. .  .,n);  the 
subscripts  are  the  operands  in  the  RPN  string.  The  symbols 
in  the  string  are  punched  one  per  column,  with  no 
intervening  blanks.  If  several  new  variables  are  formed  by 
transformations,  their  RPN  strings  follow  one  after 
another  on  the  card.  The  first  blank  terminates  the 
transformations. 

The  transformations  use  X|,  X2,  X3,. .  .,Xn,  to  form  new 
variables  that  must  replace  them  in  the  same  array.  To 
avoid  confusion,  the  x  array  is  copied  into  another  array,  y. 
A  transformation  then  uses  operands  from  x  and  stores  the 
result  in  y.  Finally,  the  y  is  copied  back  into  x  and  the 
transformations  are  done. 

The  first  NPLL  numbers  in  the  x  array  are  dummies,  or 
the  constant  term  (1.0)  if  NPLL=1.  Transformations, 
therefore,  are  done  on  X2,  X3,...,Xn,  and  not  on  the 
constant  term  or  the  dummy  variables. 


2.4.4  Examples 

Several  examples  of  transformations  from  algebraic 
notation  to  RPN  are  the  following: 


Algebraic  Notation 
log(x,/x3)  =  y2 

(X2+X3)(X4+X5)  =  y5 
(X2)2+2X2X3+(X3)2  =  y2 

(XjY  -  y,,  (Xj)"  =  y3 

-X3+(X3)2-X,X4  -  yj 

x,(IOx'+10x'»)  =  yj 


RPN 

23/L2  = 
23+45+*5= 
22*23*+23*+33*+2: 
22*2  =  22*22**3  = 
3N33*24*-S+2  = 
23E4E+*2= 


For  another  example,  let  the  variables  in  a  data  set  be  x,, 
X2,  X3,  and  X4;  X,  is  the  constant  term.  We  require  the 
transformations  yj  -  log(x2/x3),  y^  ^  log(x3),  y^  -  (Xj)^  and 
y5  =  X2X3;  X4  is  left  unchanged.  The  RPN  strings  are  23/  L2=, 
3L3=,  22*5=,  and  23*6=.  The  appropriate  transformation 
card  for  this  series  is  shown  in  figure  5. 
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2.5  Parameter  Label  Card 

This  card  contains  the  descriptive  labels  for  all  NVAR 
parameters.  These  labels  are  used  on  the  printout.  The 
parameters  include  the  constant  term  or  dummy  variables, 
other  explanatory  variables,  and  natural  response,  if  it  is 
present.  Labels  apply  to  the  explanatory  varibles  after  any 
transformations.  Each  label  is  8  characters  long.  Use 
columns  1-8  for  the  first  label,  columns  9- 16  for  the  second, 
and  so  on  (Jig.  6).  If  a  label  does  not  fill  the  8  spaces,  begin 
the  label  in  the  leftmost  space  available  (columns  1,9.  17, 
15,  33,  and  so  on). 
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2.6  Starting  Values  of  the  Parameters 
Card 

This  card  is  used  only  under  special  circumstances,  such 
as  quickly  confirming  calculations  in  previously  published 
experiments.  If  this  card  is  to  be  used,  ISTARV=1  on  the 
control  card  (sec.  2.3).  The  parameters  are  punched  in 
10F8.6  format  (up  to  10  fields  of  8  columns  each);  in  each 
field  there  is  a  number  with  six  digits  to  the  right  of  the 
decimal  point  and  two  to  the  left.  The  decimal  point  need 
not  be  punched.  The  parameters  on  this  card  are  the  same 
in  number  and  order  as  on  the  label  card  (fig.  6.  7). 
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Figure  7. 

In  this  example,  the  constant  is  3.4674.  /S,  is  6.6292,  and 
^2  is  5.8842.  All  POL02  calculations  will  be  done  on  the 
basis  of  these  parameter  values  if  ISTARV=1  and 
NITER=0  on  the  control  card  (sec.  2.3). 


2.7  Format  Card 

This  card  contains  a  standard  FORTRAN  format 
statement  with  parentheses  but  without  "FORMAT" 
punched  on  the  card  (fig.  8).  This  statement  instructs  the 
program  how  to  read  the  data  from  each  card.  A  variable 
occupies  specific  columns — a  field — on  each  data  card;  this 


area  is  specified  by  "F"  followed  by  a  number  givmg  the 
field  width.  After  that  number  is  a  decimal  point  and 
another  number  telling  where  the  decimal  point  is  located, 
if  it  is  not  punched  on  the  data  cards.  For  example,  "F7.2" 
means  that  the  data  item  requires  a  7-column  field:  a 
decimal  point  occurs  between  columns  5  and  6.  "F7,0" 
means  whole  numbers.  When  a  decimal  point  is  actually 
punched  on  a  data  card,  the  computer  ignores  what  the 
format  card  might  say  about  its  location.  (For  more 
information,  see  any  FORTRAN  textbook.) 

Besides  the  variables,  the  other  items  on  a  data  card, 
such  as  the  group  number  (K),  number  of  subjects  (N).  and 
number  of  subjects  responding  (M)  must  be  specified  on 
the  format  card  in  "1"  (integer)  format.  Formal  editing 
controls  "X"  and  "T"  may  be  used  to  skip  extraneous 
columns  on  a  datacard  or  to  go  to  a  particular  column.  For 
example,  "3X"  skips  3  columns  and"  1 6T"  resets  the  format 
scan  to  column  16  regardless  of  where  the  scan  was 
previously.  All  steps  in  the  format  statement  are  separated 
by  commas,  and  the  statement  is  enclosed  in  parentheses. 
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Figure  8. 

Format  card  instructing  program  to  skip  the  first  10 
columns  of  each  data  card,  read  the  first  variable  within  the 
next  4  columns  assuming  2  decimal  places,  read  the  second 
variable  within  the  next  5  columns  assuming  1  decimal 
place,  then  go  to  column  24  and  read  a  single  integer,  M 
(M=l  for  response;  1VI=0  for  no  response). 


2.8  Data  Cards 

Punch  one  card  per  subject  or  per  group  of  subjects 
grouped  at  identical  values  of  one  of  the  independent 
variables.  All  individuals  treated  with  the  same  dose  of  an 
insecticide,  for  example,  might  be  grouped  on  a  single  card. 
or  each  might  have  its  own  data  card.  Values  of  the  NV 
variables  are  punched,  followed  by  N  (the  number  of 
subjects)  and  M  (the  number  responding).  If  there  is  only 
one  subject  per  card  (IGROUP^O)  (see  .sec.  2.3).  N  should 
be  omitted. 

If  parallel  groups  are  being  compared  (NPLL>  I),  the 
data    card    must    also    contain    the    group    number    K 

(K=1.2,3 NPLL)  punched   before  the  variables.   In 

summary,  a  data  card  contains  K,X|,X2.x, xnv.N.M 

with  K  omitted  when  NPLL  =  0  or  1,  and  N  omitted  if 
IGROUP=0. 

Figures  illustrating  these  alternatives  will  be  provided  m 
the  examples  to  follow.  If  data  have  already  been  punched, 
but  are  to  be  used  in  a  different  order,  the  order  may  be 
altered  in  the  format  card  by  use  of  the  "T"  format  editing 
control.  This  control  will  permit  the  scan  to  jump 
backwards,  as  necessary. 


2.9  END  Card 

To  indicate  the  end  of  a  problem  if  more  problems  are  to 
follow  in  the  same  job,  "END"  should  be  punched  in 
columns  1-3  {fig.  9).  If  only  one  problem  is  analyzed,  this 
card  is  not  necessary. 


3.  LIMITATIONS 


No  more  than  3000  test  subjects  may  be  included  in  a 
single  analysis.  This  counts  all  subjects  in  grouped  data. 
Including  the  constant  term(s),  no  more  than  nine 
explanatory  variables  may  be  used. 


4.  DATA  OUTPUT  EXAMPLES 


Examples  illustrating  POL02  data  output  and  uses  of 
the  program's  special  features  for  hypotheses  testing 
follow.  Each  problem  is  presented  in  its  entirety,  from  data 
input  through  hypotheses  testing,  with  statistics  from  the 
output. 

4. 1  Toxicity  of  Pyrethrum  Spray  and 
Film 

Data  from  experiments  of  Tattersfield  and  Potter  ( 1943) 
are  used  by  Finney  (1971,  p.  162-169)  to  illustrate  the 
calculations  for  fitting  parallel  probit  planes.  Insects 
(Tribolium  castaneum)  were  exposed  to  pyrethrum,  a 
botanical  insecticide,  either  as  a  direct  spray  or  as  a  film 
deposited  on  a  glass  disc.  We  use  these  data  to  illustrate 
multivariate  analysis  of  grouped  data,  use  of  dummy 
variables,  use  of  transformations,  the  likelihood  ratio  test 
for  parallelism  of  probit  planes,  and  the  likelihood  ratio 
test  for  equality  of  the  planes. 


4.1.1  Models 

The    probit    model    expressing    the    lethal    effect    of 
pyrethrum  spray  is 


ys  =  as  +  /3siX|  +/82sX2 


[1] 


where  y,  is  the  probit  of  percent  mortality,  X|  is  the 
concentration  of  pyrethrum  in  mg/  ml,  and  Xi  is  the  weight 
(deposit)  in  mg/cm^.  The  regression  coefficients  are  a^  for 
the  constant,  ^|,  for  spray  concentration,  and  yS^s  for 
weight.  Similarly,  the  model  for  the  lethal  effect  of 
pyrethrum  film  is 


where  yf  is  the  probit  of  percent  mortality,  X|  is 
concentration,  and  xi  is  weight.  The  regression  coefficients 
are  af  for  the  constant,  ^n  for  concentration,  and  /J^r  for 
weight  (deposit)  of  pyrethrum  in  the  film. 

4.1.2  Hypotheses 

The  likelihood  ratio  (LR)  procedure  will  be  used  to  test 
three  hypotheses.  These  hypotheses  are  that  the  spray  and 
film  planes  are  parallel,  that  the  planes  are  equal  given  the 
assumption  that  the  planes  are  parallel,  and  that  the  planes 
are  equal  with  no  assumption  of  parallelism. 

The  LR  test  compares  two  values  of  the  logarithm  of  the 
likelihood  function.  The  first  is  the  maximum  value  of  the 
log  likelihood  when  it  is  maximized  unrestrictedly.  The 
second  is  the  maximum  value  when  it  is  maximized  subject 
to  the  restrictions  imposed  by  the  hypothesis  being  tested. 
The  unrestricted  maximum  of  the  log  likelihood  is  denoted 
by  L(n)  and  the  restricted  maximum  by  L(at). 

TTie  hypothesis  of  parallelism  is  H:(P):^|5  -  fin.^i^  -  Pif- 
Let  L^  and  Lf  denote  the  ma.ximum  value  of  the  log 
likelihood  for  models  [I]  and  [2],  respectively.  The  value 
L(n)  is  the  sum  of  L,  and  Lf. 

(i)  Ls!  -  ML  estimation  of  [I]. 
Lf:  =  ML  estimation  of  [2]. 
L(n)  -  L,  +  Lf. 


The  model  with  the  restrictions  imposed  is 
y  =  ttsXs  +  ttfXf  +  /3|X|  +  /32X2 


[3] 


In  this  restricted  model,  dummy  variables  are  used.  The 
dummy  variables  x.,  and  Xf  are  defined  as  follows: 

Xs  =  I  for  spray;  Xf  =  I  for  film; 
x^-0  for  film;  Xf  =  0  for  spray; 

The  value  L(a>)  is  obtained  by  estimating  [3]  by  ML. 

(ii)  L(ai):  ML  estimation  of  [3]. 

When  H  is  true,  asymptotically, 

LR  =  2[L(n)      L(cu)]  ~  X^  (2). 

In  other  words,  for  large  samples  the  LR  test  statistic  has 
approximately  a  chi-square  distribution  with  2  degrees  of 
freedom  (df).  The  df  is  the  number  of  restrictions  imposed 
by  the  hypothesis,  which  in  this  situation  equals  the 
number  of  parameters  constrained  to  be  the  same.  The  LR 
test  accepts  H(P)  at  significance  level  a  if 

LR<X„Mn) 

where  xH^)  denotes  the  upper  significance  point  of  a  chi- 
square  distribuion  with  n  df. 

The  hypothesis  of  equality  given  parallelism  is  H(ElP): 
as  =  af .  Now  the  unrestricted  model  is  [3]  and  the  restricted 
model  is 


yf  =  af  +  /3,fX|  +i32fX2 


[2] 


y  =  a  +  ;3|X,  +^82X3 


[4] 


In  this  model  the  coefficients  for  spray  and  film  are 
restricted  to  be  the  same.  The  required  maximum  log 
likelihoods  are  L(n)  and  L{cu). 

(i)  L(n):  ML  estimation  of  [3]. 
(ii)  L(aj):  ML  estimation  of  [4]. 

When  H(ElP)  is  true,  asymptotically, 

LR=  2[L(n)-  L(to)]  ~  X2  (1). 

The  hypothesis  H(El  P)  is  accepted  at  significance  level  a  if 

LR  <  X'-  (1). 

Once  H(P)  is  accepted  we  may  wish  to  test  H(ElP).  Note  the 
H(ElP)  assumes  that  H(P)istrue.  Of  course,  H(P)canbe 
accepted  even  if  it  is  false.  This  is  the  well  known  Type  II 
error  of  hypothesis  testing. 

TTie  hypothesis  of  equality  is  H(E):as  =  af,/?i5,  -  Pu.fii^- 
li-^.  Here  the  unrestricted  model  consists  of  [1]  and  [2]  and 
the  restricted  model  is  [4].  The  required  maximum  log 
likelihoods  are  Lffl)  and  L(a;). 

(i)  L(n)  =  L,  +  Lf!  ML  estimation  of  [1]  and  [2]. 
(ii)  L(ai):  ML  estimation  of  [4]. 

When  H(E)  is  true,  asymptotically, 

LR  =  2[L(n)      L(a>)]~X^  (3). 

The  hypothesis  H(E)  is  accepted  if 

LR  <  X2  (3). 

4.1.3  Analyses  Required 

The  data  must  be  analyzed  for  models  [l]-[4]  to  perform 
the  statistical  tests  described  in  section  4.1.2.  In  addition, 
model  [3]  including  natural  response  as  a  parameter,  which 
is  referred  to  as  model  [5],  will  be  analyzed.  The  estimation 
of  [5]  permits  a  direct  comparison  with  Finney's  (1971) 
calculations.  A  total  of  five  analyses,  therefore,  are 
provided  in  this  example. 


4.1.4  Input 

The  input  for  these  analyses  consists  of  1 32  cards  {fig.  9). 
The  starter  cards  {fig.  9- A)  are  followed  by  the  first  set  of 
program  cards  {fig.  9-B-l)  for  the  pyrethrum  spray 
application  (model  [1]).  The  data  cards  are  next  (fig.  9-C- 
/);  an  "END"  card  indicates  that  another  problem 
follows.  The  next  problem,  pyrethrum  film  (model  [2]), 
begins  with  its  program  cards  {fig.  9-B-2),  followed  by  the 
data  and  an  END  card  {fig.  9-C-2). 

Except  for  the  title  cards  (cards  6  and  24),  the  program 
cards  for  the  first  two  data  sets  are  identical.  Each  control 
card  (cards  7  and  25)  specifies  three  regression  coefficients, 
and  two  variables  to  be  read  from  each  data  card.  The 


Figure  9 
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probit  model  will  be  used,  none  of  the  variables  defines  a 
control  group,  transformations  will  be  used,  starting  values 
will  be  calculated  automatically,  data  will  be  printed  back, 
natural  response  is  not  a  parameter,  there  is  more  than  one 
subject  per  data  card,  no  parallel  groups,  a  restricted  model 
will  not  be  computed,  and  the  program  will  select  a  suitable 
number  of  iterations  in  search  of  ML  estimates.  Each 
transformation  card  (card  8,  26)  defines  y,  as  the  logarithm 
of  X2,  and  yj  as  the  logarithm  x,.  Parameter  labels  (cards  9 
and  27)  are  X|=constant,  X2=logarithm  of  concentration, 
and  x,=logarithm  of  deposit  weight.  Both  format  cards 
(cards  10  and  28)  instruct  the  program  to  skip  the  first  two 
columns  of  a  data  card,  read  two  fields  of  five  digits  with  a 
decimal  point  in  each  field,  then  read  two  4-column  fields 
of  integers.  The  data  cards  for  the  two  experiments  are  in 
identical  format  (fig.  9-C-I.2).  Column  1  contains  a  "1"  in 
the  spray  experiments  and  a  "2"  in  the  film  experiments. 
Columns  3-5  list  the  concentration  of  pyrethrum  inmg/0. 1 
ml;  columns  7- 10  contain  the  deposit  weight  in  mg/0. 1  cm^. 
The  next  analysis  computes  coefficients  and  test 
statistics  for  model  [3].  The  program  cards  {fig.  9-B-3) 
reflect  the  complexity  of  this  model  compared  to  the  first 
two  simpler  models.  After  the  title  card  (card  42),  the 
control  card  (card  43)  specifies  four  regression  coefficients, 
two  explanatory  variables  to  be  read  from  each  data  card 
(note  that  the  two  dummy  variables  are  not  included  in 
NV),  the  probit  model,  no  control  group  included  for  any 
parameter,  transformations  will  be  used,  starting  values 
will  be  calculated  automatically,  data  will  be  printed  back, 
natural  response  is  not  a  parameter,  data  are  grouped, 
there  are  two  parallel  groups,  a  restricted  model  will  not  be 
computed,  and  the  program  will  choose  the  number  of 
iterations  necessary  for  ML  estimates.  The  transformation 
card  (card  44)  specifies  that  log  (x,)=y3  and  log  (X4)=y4. 
Parameter  labels  (card  45)  are:  X|=spray  (the  first  dummy 
variable),  x,  =  film  (the  second  dummy  variable), 
x,=logarithm  of  concentration,  and  X4=logarithm  of 
(deposit)  weight.  The  format  card  (card  46)  tells  the 
program  to  read  the  integer  in  column  I,  skip  the  next 
column,  read  two  fields  of  five  digits  with  a  decimal  point  in 
each,  then  read  two  4-column  fields  of  integers.  The  data. 


shown  in  abbreviated  form  m  fig.  9-C-3,  follow;  the  data 
from  models  [1]  {fig.  9-C-l)  and  [2]  (fg-  9-C-2)  have  been 
combined  into  a  single  set  followed  by  an  END  card  (card 
71). 

In  the  next  analysis,  coefficients  and  statistics  for  model 
[4]  are  computed.  The  program  cards  {fig.  9-B-4)  specify 
the  computations.  After  the  title  card  (card  72),  the  control 
card  (card  73)  states  that  there  will  be  three  regression 
coefficients,  two  variables  to  be  read  from  each  data  card, 
the  probit  model  will  be  used,  no  control  group  is  present 
for  either  explanatory  variable,  transformations  will  be 
used,  starting  values  will  be  calculated  automatically,  data 
will  be  printed  back,  natural  response  is  not  a  parameter, 
data  are  grouped,  there  is  no  comparison  of  parallel 
groups,  a  restricted  model  will  not  be  computed,  and  the 
program  will  choose  the  number  of  iterations  to  be  done 
for  ML  estimation.  The  transformation  card  (card  74) 
specifies  that  log  X2=y2  and  log  X3=y3.  The  three  parameter 
labels  (card  75)  are  X|=constant,  X2=logarithm  of 
concentration,  and  X3=logarithm  of  (deposit)  weight.  The 
format  card  (card  76)  instructs  the  program  to  skip  the  first 
2  columns,  read  each  of  two  fields  of  five  digits  with 
decimal  points  punched,  then  read  two  4-column  fields  of 
integers.  The  data  are  combined  data  for  models  [1]  and  [2] 
{fig.  9-C-4).  These  cards  are  followed  by  an  END  card 
(card  101). 

The  final  analysis,  for  model  [5],  begins  with  program 
cards  {fig.  9-B-5).  The  title  (card  102)  describes  the 
analysis.  The  control  card  (card  103)  is  the  same  as  that  for 
analysis  of  model  [3],  with  the  following  exceptions:  the 
fourth  integer  (KONTROL)  specifies  that  the  log 
(concentration)  parameter  includes  a  control  group;  the 
eighth  integer  (NPARN),  is  equal  to  zero  because  natural 
response  will  be  calculated  as  a  parameter.  The 
transformation  (card  104)  is  the  same  as  that  for  model  [3]: 
log  X3=y3  and  log  X4=y4.  The  parameters  (card  105)  are 
labeled  as:  X|=spray  (first  dummy  variable),  X2=film 
(second  dummy  variable),  X3=logarithm  of  pyrethrum 
concentration,  X4=logarithm  of  (deposit)  weight  and 
X5=natural  response.  The  format  statement  (card  106) 
instructs  the  program  to  read  the  first  column  of  integers, 


skip  the  next  column,  read  two  5-digit  fields  each  of  which 
includes  a  decimal  point,  then  read  two  4-column  fields  of 
integers.  The  data  cards  {fig.  9-C-5)  are  followed  by  the 
natural  response  data  card  {fig.  9-C-5a),  then  the  END 
card  {fig.  9-C-5b). 

4.1.5  Output 

The  output  for  the  five  analyses  is  shown  \n  figure  10. 
Except  where  noted,  each  analysis  is  shown  in  its  entirety. 
The  title  of  the  analysis  is  printed  as  the  first  line  on  each 
page  {fig.  10- L  lines  1  and  56;  fig.  10-2,  lines  94  and  149;//,?. 
10-3,  lines  184,  239,  297:  fig.  10-4,  lines  324,  378,  and  435; 
fig.  10-5,  lines  459,  5 1 4,  and  573).  Next,  each  control  card  is 
listed  {fig.  10- 1,  line  2;  fig.  10-2,  line  95;  fig.  10-3,  line  185; 
fig.  10-4,  line  325;  fig.  10-5,  line  460).  The  subsequent 
section  of  the  printout  describes  the  specifications  of  the 
analysis  and  reflects  the  information  on  the  control  card 
{fig.  10-1,  lines  3-1  \;fig.  10-2,  lines  96-104;//^.  10-3,  lines 
186-195;/zg.  10-4,  hues  326-334; /;g.  10-5,  lines  461-471). 

Transformations  are  reproduced  in  RPN,  just  as  they 
were  punched  on  the  transformation  card  (//'g.  /0-/,line  12; 
fig.  10-2,  Une  105;  fig.  10-3,  line  196;//^.  10-4,  line  335;fig. 
10-5,  line  472).  Parameter  labels  are  reproduced  next  {fig. 
10-1,  lines  13-16;./;g.  70-2,  lines  106-109;//^.  /O-i,  hnes  197- 
201;  fig.  10-4,  lines  336-339;  fig.  10-5,  lines  473-478), 
followed  by  the  format  statement  {fig.  10-1,  line  \l;fig.  10- 

2,  line  1 10; //g.  10-3,  line  202;  fig.  10-4,  line  UO;  fig.  10-5, 
line  479). 

In  the  next  section,  input  data  are  listed  as  punched  on 
the  data  cards  (//g.  /0-/,hnes  18-30;//^.  70-2,  hues  111-123; 
fig.  10-3,  lines  203-221;  fig.  10-4,  lines  341-363;  fig.  10-5, 
lines  480-505).  The  transformed  data  are  listed  after  the 
data  input.  For  the  purposes  of  computation  of  the 
prediction  success  table  and  other  statistics,  grouped  data 
are  now  listed  as  individual  cases.  This  section  of  the 
output  has  been  abbreviated  in  the  figure  {fig.  1 0-1,  lines 
31-65;  fig.  10-2,  lines  l24-\55;  fig.  10-3,  lines  228-292;/^. 
10-4,  lines  364-429;  fig.  10-5,  lines  506-570).  At  the  end  of 
the  transformed  data,  the  total  number  of  cases 
(observations  plus  controls)  is  summarized  {fig.  10-1,  line 
66;  fig.  10-2,  line  156;/;^.  10-3,  line  293;  fig.  10-4,  line  430; 
fig.  10-5,  line  571).  Proportional  control  mortality  is  also 
printed  {fig.  10-5,  line  572). 

Initial  estimates  of  the  parameters  that  were  computed 
by  the  program  are  printed  {fig.  10-1,  lines  61 -6%;  fig.  10-2, 
lines  157-158;//g.  10-3,  lines  294-295;  fig.  10-4,  lines  431- 
432;  fig.  10-5,  lines  574-577),  followed  by  the  initial  value  of 
the  log  likelihood  {fig.  10-1,  line  69;//^.  10-2,  line  159;//g. 
10-3,  Hne  296;  fig.  10-4,  line  433;  fig.  10-5,  line  578).  The 
program  begins  with  logit  iterations  that  are 
computationally  simpler,  then  switches  to  probit 
calculations.  The  number  of  iterations  of  each  type  are 
listed  {fig.  10-1,  lines  10-l\;fig.  10-2,  lines  \60-\6\;fig.  10- 

3,  lines  29%-299;  fig.  10-4,  lines  434, 436;//^.  70-5,  lines  579- 
580)  preceding  the  final  value  of  the  log  likelihood  {fig.  10- 
1,  line  72;//g.  70-2,  line  \62; fig.  10-3,  line  300; fig.  10-4,  line 
^31;  fig.  10-5,  line  581). 


Parameter  values,  their  standard  errors,  and  their  t- 
ratios  (parameter  values  divided  by  its  standard  error)  are 
then  presented  {fig.  10-1,  lines  13-16;  fig.  10-2,  lines  163- 
166;//g.  70-i,  lines  301-305;//;?.  /0-<  lines  438-441; //?.  70- 
5,  lines  582-587).  The  t-ratios  are  used  to  test  the 
significance  of  each  parameter  in  the  regression.  The 
hypothesis  that  a  regression  coefficient  is  zero  is  rejected  at 
the  a  -  0.05  significance  level  when  the  absolute  values  of 
the  t-ratio  is  greater  than  /  =  1 .96,  that  is,  the  upper  a  -  0.05 
significance  point  of  a  /  distribution  with  »  df.  All 
parameters  in  each  of  the  five  analyses  were  significant  in 
this  example.  These  statistics  are  followed  by  the 
covariance  matrix  for  the  analysis  (fig.  10-1,  lines  77-81; 
fig.  10-2,  lines  167-171;//?.  70-i,  lines  306-3 1 1 ;  //,?.  10-4, 
lines  442-446;  fig.  10-5,  lines  588-594). 

A  prediction  success  table  {fig.  10-1,  lines  82-91;  //^'.  10- 
2,  lines  172-181;//?.  70- J,  lines  312-321;//?.  70-^,  lines  447- 
456;  fg.  10-5,  lines  595-604)  lists  the  number  of  individual 
test  subjects  that  were  predicted  to  be  alive  and  were 
actually  alive,  predicted  to  be  alive  but  were  actually  dead, 
predicted  to  be  dead  and  were  actually  dead,  and  predicted 
to  be  dead  but  were  actually  alive.  The  numbers  are 
calculated  by  using  maximum  probability  as  a  criterion 
(Domencich  and  McFadden  1975).  The  percent  correct 
prediction,  rounded  to  the  nearest  percent,  is  calculated  as 
the  number  predicted  correctly  (that  is,  alive  when 
predicted  alive,  or  dead  when  predicted  dead)  divided  by 
the  total  number  predicted  in  that  category,  times  100.  In 
the  pyrethrum  spray  experiment  {fig.  10-1),  for  example, 
89  individuals  were  correctly  forecast  as  alive,  but  26  others 
were  dead  when  they  had  been  predicted  to  be  alive.  The 
correct  percent  alive  is 


100, 


which  is  77  percent  {fig.  10-1,  line  90).  The  overall  percent 
correct  (OPC)  equals  the  total  number  correctly  predicted 
divided  by  the  total  number  of  observations,  times  100, 
rounded  to  the  nearest  percent.  In  the  pyrethrum  spray 
example,  OPC  equals 


89+195 
333 


100, 


or  85  percent  {fig.  10-1,  line  91).  On  the  basis  of  random 
choice,  the  correct  choice  should  be  selected  for  about  50 
percent  of  the  observations.  In  the  five  analyses,  OPC 
values  indicate  reliable  prediction  by  the  models  used,  since 
all  were  greater  than  80  percent. 

The  last  portion  of  the  output  tests  the  significance  of  the 
regression  coefficients  in  each  regression  {fig.  10-1,  hues 
92-93;  fig.  10-2,  lines  182-I83;,//g.  10-3,  lines  322-323;/?. 
70-^,  lines  457-458;/;?.  70-5,  lines  605-606).  The  hypothesis 
tested  is  that  all  the  regression  coefficients  equal  zero.  This 
hypothesis  implies  that  the  probability  of  death  is  0.5  at  all 
spray  concentrations  and  film  deposits.  The  log  likelihood 


L(w)  is  calculated  for  this  restricted  model  and  compared 
to  the  maximized  log  likelihood  L(Q,)  for  the  unrestricted 
model.  When  the  hypothesis  is  true,  asymtotically, 

LR  =  2[L(n)      Uco)]  ~  X'~  (df) 
where    df    equals    the    number    of    parameters    in    the 


unrestricted  model.  The  hypothesis  is  accepted  at  the  a 
level  of  significance  if 

LR  <  X„^  (df). 

In  each  of  the  five  analyses  in  this  example,  the  hypothesis 
was  rejected  at  the  a  =  0.05  significance  level.  All 
regressions  were  highly  significant. 
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4.1.6  Hypotheses  Testing 

The  maximized  log  likelihood  values  needed  to  test  the 
hypotheses  outlined  in  section  4.1.2  are: 


Model 


Source 


[1] 

-101.3851 

m-  10- 1. 

line  72 

[2] 

-122.4908 

fig.  10-2, 

line  162 

[3] 

-225.1918 

fig.  10-3. 

line  300 

[4] 

-225.8631 

fiR.  10-4. 

line  437 

The  LR  tests  of  the  three  hypotheses  are  the  following: 

(1)  Hypothesis  H(P)  of  parallelism. 

L(n)=  -101.3851  +  -122.4908 

=  -223.8759, 
L(n)=  -225.1918, 
LR=  2[L(n)  -  L(«j)]  =  2[-223.8959  +  225.1918] 

=  2[1.3159]  =  2.6318. 

The  hypothesis  H(P)  is  accepted,  at  significance  level  a  - 
0.05  if 

LR  <  X^o5(2)  =  5.99. 

Since  2.6318  <  5.99,  we  accept  H(P). 

(2)  Hypothesis  H(ElP)  of  equality  given  parallelism. 

L(n)=  -225.1918, 
L{a;)=  -225.8631, 
LR=  2[L(n)  -  L(w)]  =  2[-225.1918  +  225.8631] 
=  2[0.67I3]^  1.3426. 

The  hypothesis  H(ElP)  is  accepted  at  level  a  =  0.05  if 

LR<  X2o5(l)=  3.84. 

Since  1.3426  <  3.84,  we  accept  H(ElP). 

(3)  Hypothesis  H(E)  of  equality. 

L(n)  =  -223.8759, 
Uuj)=  -225.8631, 
LR=  2[L(n)  -  L(a;)]  =  2[-223.8759  +  225.8631] 
=  2[  1.9872]  =  3.9744. 

The  hypothesis  H(E)  is  accepted  at  level  a  -  0.05  if 

LR<  X2o5(3)=  7.81. 

We  also  accept  this  hypothesis  since  3.9744  <  7.81. 

4.1.7  Comparison  with  Published  Calculations 

The  analyses  of  models  [l]-[4]  cannot  be  compared 
directly  with  those  described  by  Finney.  The  parameter 
values  for  model  [5]  confirm  those  of  Finney's  equations 
[8.27)  and  (8.28)  (Finney  1971,  p.  169). 

4.2  Vaso-Constriction 

Finney  (1971,  p.  183-190)  describes  a  series  of 
measurements  of  the  volume  of  air  inspired  by  human 
subjects,  their  rate  of  inspiration,  and  whether  or  not  a 
raso-constriction  reflex  occurred  in  the  skin  of  their 
fmgers.  These  experiments  were  reported  originally  by 


Gilliatt  (1947).  A  feature  of  this  example  is  that  the  data  are 
ungrouped.  We  use  the  example  to  illustrate  the  analysis  of 
ungrouped  data,  the  likelihood  ratio  test  for  equal 
regression  coefficients,  and  the  use  of  transformations. 

4.2.1  Models.  Hypothesis,  and  Analyses  Required 

The    model   expressing   the   probability   of  the   vaso- 
constriction reflex  is 


y  =  a  +  )8,X|  +  yS.x, 


[I] 


where  y  is  the  probit  or  logit  of  the  probability,  a  is  the 
constant  term,  x,  is  the  logarithm  volume  of  air  inspired  in 
liters,  X2  is  the  logarithm  of  rate  of  inspiration  in  liters  per 
second,  )8|  is  the  regression  coefficient  for  volume,  and /3,  is 
the  regression  coefficient  for  rate. 

The  hypothesis  is  H:  /3|=^2  which  states  that  the 
regression  coefficients  for  rate  and  volume  of  air  inspired 
are  the  same.  The  unrestricted  model  is  [1]  and  the 
restricted  model  is 

y  =  a  +  /3(X|  +  x,)  =  a  +  i3x  [2] 

The  required  maximum  log  likelihoods  are  Lifl)  and  L(a>). 

(i)  L(n):  ML  estimation  of  [1]. 
(ii)  L(ai):  ML  estimation  of  [2]. 

When  the  hypothesis  H  is  true,  asymptotically, 

LR  =  2[L(n)  ~  L(w)]  ~  XMl) 

so  that  the  hypothesis  H  is  accepted  at  the  q  level  of 
significance  if 

LR<X„M1). 

4.2.2  Input 

The  input  for  analyses  of  the  two  required  models 
consists  of  97  cards  (//^.  //).  After  the  starter  cards  (/i;^.  II- 
A),  program  cards  specify  the  analysis  of  model  [1](//'^.  II- 
B-l).  The  title  card  (card  6)  cites  the  source  of  the  data;  the 
control  card  (card  7)  specifies  three  regression  coefficients, 
two  variables  to  be  read  from  each  data  card,  the  probit 
model  to  be  used,  none  of  the  explanatory  variables 
contains  a  control  group,  transformations  will  be  used, 
starting  values  of  the  parameters  will  be  calculated 
automatically,  data  will  be  printed  back,  natural  response 
is  not  a  parameter,  there  is  one  subject  per  data  card,  there 
are  no  parallel  groups,  a  restricted  model  will  not  be 
computed,  and  the  program  will  select  a  suitable  number  of 
iterations  in  serach  of  an  ML  estimate.  The  transformation 
card  (card  8)  defines  y.  as  the  logarithm  of  Xi,  and  Vi  as  the 
logarithm  of  x,.  The  three  parameters  (card  9)  are  labeled 
constant  (x,).  volume  (x,),  and  rate  (x,).  The  format 
statement  (card  10)  instructs  the  program  to  read  a  5- 
column  field  including  a  decimal  point  (volume),  and  a  6- 
column  field  including  a  decimal  point  (rate),  and  finally,  a 
single  column  of  integers  ( l=constricted,  O=not 
constricted).  The  data,  consisting  of  39  individual  records. 
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Figure  11 


follows  (//,jf.   Il-C-I).  After  the  END  card  (card  51),  the 
input  for  analysis  of  model  [2]  follows. 

The  program  cards  for  model  [2]  {fig.  I  /-fi-2)  begin  with 
a  descriptive  title  (card  52);  the  control  card  (card  53) 
differs  from  that  for  model  [1]  only  in  the  NVAR  position 
(integer  1).  In  this  analysis,  there  are  only  two  regression 
coefficients  in  addition  to  the  constant  term.  The 
transformations  are  also  different  (card  54).  The  variable 
y2=.x  is  defined  as  the  sum  of  the  logarithm  of  .x^  and  the 
logarithm  of  x,.  The  two  parameter  labels  are  "constant" 
and  "combine"  (card  55).  The  format  statement  (card  56) 
and  the  data  {fig.  ll-C-2)  are  identical  to  that  in  the 
analysis  of  model  [f 

4.2.3  Output 

The  analyses,  in  their  entirety,  are  shown  In  figure  12. 
Titles  for  the  analyses  are  reprinted  at  the  top  of  each  page 
{fig.  12,  lines  I,  57,  1 10,  128,  184,  and  235).  Integers  from 
the  control  cards  {fig.  12,  lines  2  and  129)  begin  each 
printout,  followed  by  specification  statements  for  each 
analysis  {fig.  12,  lines  3-11  and  130-138).  Each 
transformation  card  is  reproduced  {fig.  12.  lines  12  and 
139),  after  which  the  parameter  labels  are  stated  {fig.  12, 
lines  13-16;  lines  140-142).  Format  statements  (/7>f.  /J,lines 
17  and  143)  precede  listings  of  data  in  both  raw  and 
transformed  versions  {fig.  12,  lines  18-56  and  58-98,  lines 
144-183  and  185-224).  From  left  to  right,  the  columns  in  the 
transformed  data  listing  are  chronological  number  of  the 
individual,  its  response,  sample  size  (=1  is  all  cases), 
logarithm  (base  10)  of  volume,  and  logarithm  (base  10)  of 
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rate.  The  summary  of  total  observations  concludes  the 
'descriptive  portion  of  each  printout  (//.if.  12.  lines  99  and 
225. 

Initial  parameter  estimates,  starting  ML  values,  and 
Iteration  statements  {fig.  12.  lines  100-104;  lines  226-230) 
begin  the  statistical  portion  of  each  printout.  The  final  ML 
[estimate  follows  {fig.  12.  lines  105  and  231);  parameter 
values,  their  standard  errors,  and  t-ratios  (//^.  /2,  lines  106- 
109;  lines  232-234)  are  printed  ne.xt.  The  covariance  matrix 
and  prediction  success  table  follow  {fig.  12.  lines  1 1 1-125; 
lines  236-249).  Note  that  the  program's  automatic  dead- 
alive  category  labels  are  not  appropriate  for  this 
experiment;  labels  such  as  constricted  and  not  constricted 
would  be  more  appropriate.  The  LR  test  for  significance  of 
the  model  coefficients  ends  each  analysis  {/ig.  12.  lines  126- 
127;  lines  250-251). 

The  t-ratios  of  the  parameters  for  both  models  indicate 
that  each  parameter  is  significant  in  the  regression.  The 


OPC  values  indicate  that  each  model  is  a  good  predictor  of 
observed  results,  and  the  LR  tests  indicate  that  both 
regressions  are  highly  significant  {a  -  0.05). 


4.2.4  Hypothesis  Testing 

The    ma.ximum    log    likelihoods 
hypothesis  H: /^i^/S.  are: 


Model 

[IJ 
12] 

In  this  example 


needed    to   test    the 


.Source 


I4.660X 
14.7746 


fl^.  12.  line  105 
fig.  / 2,  line  2.^1 


L{n)=  -14.6608, 
L(aj)=  -14.7746, 
LR=  2[L(n)-  L(w)] 


2[0.II38]  =  0.2276. 


For  a  test  at  the  0.05  significance  levels,  the  x'  critical  value 
is  3.84.  Hence  we  a.ccept  the  hypothesis  H. 
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4.3  Body  Weight  as  a  Variable:  Higher 
Order  Terms 

Robertson  and  others  (1981)  described  a  series  of 
experiments  designed  to  test  the  hypothesis  that  the 
response  of  an  insect  (Chori.sioneiira  occidenialis 
Freeman)  is  proportional  to  its  body  weight.  Three 
chemicals,including  mexacarbate,  were  used.  We  use  data 
for  tests  with  mexacarbate  to  illustrate  the  use  of  individual 
data  to  test  the  significance  of  a  higher  order  term  in  a 
polynomial  model.  This  example  demonstrates  the  use  of 
the  restricted  model  option  of  P0L02  (see  section  2.3). 

Briefly,  each  insect  in  this  experiment  was  selected  at 
random  from  a  laboratory  colony,  weighed,  and  treated 
with  I  jul  of  me.xacarbate  dissolved  in  acetone.  Mortality 
was  tallied  after  7  days.  Individual  records  for  253  insects 
were  kept.  Because  a  printback  of  all  the  data  is  too 
voluminous  for  this  report,  we  use  the  program  option  of 
1ECHO=0  (see  .section  2.3). 

4.3.1  Models  and  Hypothesis 

ITie  polynomial  model  is 


6|,  +  6|X|  +  6-,x-,  +  6,z 


where  y  is  the  probit  orlogit  of  response,  x,  is  the  logarithm 
of  dose  (in  ^ig),  x,  is  the  logarithm  of  body  weight  (in  mg), 
and  7  is  the  square  of  the  logarithm  of  body  weight  (z=Xi-). 
TTie  regression  coefficients  are  6,,  for  the  constant,  6,  for  log 
dose,  82  for  log  weight,  and  6,  for  the  square  of  log  weight. 
The  hypothesis  is  H:  6,=0,  that  is,  the  coefficient  of  the 
higher  order  term  in  weight  equals  zero.  The  unrestricted 
model  is  [1]  and  the  restricted  model  is 


V  =  6|,  +  6|X|  +  6tX, 


[2] 


The  required  maximum  log  likelihoods  are  L(fl)  and  L(co). 

(i)   L(fl):  ML  estimation  of  [1]. 
(ii)  L(aj):  ML  estimation  of  [2]. 


When  H  is  true,  asymptotically, 

LR  =  2[L(n)      L(a>)]~  X'-  (1), 

so  that  H  is  accepted  at  level  a  if 

LR  <  X'^  (I). 

The  program  will  automatically  conduct  an  LR  test  of 
H:6,=0. 

4.3.2  Input 

The  input  for  this  analysis  consists  of  263  cards  {fig.  13). 
The  program  cards  (//;^.  /J-fl)  follow  the  usual  starter  cards 
(Jig.  13-A).  Following  the  title  (card  6),  the  control  card 
specifies  four  regression  coefficients,  two  variables  to  be 
read  from  each  data  card,  the  probit  model  is  to  be  used, 
the  second  parameter  (log  (D))  contains  a  control  group, 
transformations  will  be  used,  starting  values  will  be 
calculated  automatically,  data  printback  will  be 
suppressed,  natural  response  is  a  parameter,  there  is  one 
subject  per  data  card,  there  are  no  parallel  groups,  a 
restricted  model  retaining  three  variables  will  be 
computed,  and  the  program  will  choose  the  number  of 
iterations  for  ML  estimates.  The  transformations  defined 
(card  8)  are:  y,  equals  the  logarithm  of  x^,  y,  equals  the 
logarithm  of  x,,  and  y^  equals  the  square  of  the  logarithm 
of  x,.  Parameters  are  X|  =  "constant,"  X2="logarithm  of 
dose,"  x,="logarithm  of  weight,"  X4="(logarithm  of 
weight)-,"  and  Xs="natural  response."  Suggestive  labels 
appear  on  card  9. 

The  germane  information  on  each  data  card  (card  I  I- 
263,  fig.  13-C)  is  listed  in  columns  12-14  (dose).  17-19 
(weight),  and  24  (dead  or  alive).  The  format  statement 
(card  10).  therefore,  instructs  the  program  to  skip  the  first 
10  columns,  read  a  4-column  field  with  two  digits  to  the 
right  of  the  decimal  point,  read  a  5-column  field  with  one 
digit  to  the  right  of  the  decimal  point,  then  go  to  column  24 
to  read  an  integer.  No  END  card  is  needed  after  the  data 
assuming  that  no  other  analysis  follows. 
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4.3.3  Output 

The  title  is  repeated  at  the  top  of  each  page  of  the 
printout  (//.?.  14,  hnes  I,  56,  and  101).  The  initial  portions 
of  the  analysis  demonstrate  the  same  features  noted  in 
previous  examples:  the  control  card  listing  (Jig.  14.  line  2)  is 
followed  by  specification  statements  {fig.  14.  lines  3-12), 
the  transformation  statement  {fig.  14.  line  13),  parameter 
labels  {fig.  14.  lines  14-19),  and  the  format  statement  {fig. 
14.  line  20).  Because  the  data  printback  option  was  not 
used  (1ECHO=0),  the  program  prints  only  the  first  20  data 
cards  in  raw  and  transformed  versions  {fig.  14.  lines  21-55 
and  57-65).  This  permits  the  user  to  check  a  sample  to 
assure  that  the  data  are  being  transformed  correctly.  The 
observations  summary  {fig.  14.  line  66)  is  followed  by  the 
proportional  mortality  observed  in  the  controls  {fig.  14. 
line  67). 

The  statistical  portion  of  the  printout  begins  with  initial 
parameter  estimates  {fig.  14.  line  68-71),  the  initial  log 
likelihood  values  {fig.  14.  line  72),  iterations  totals  {fig.  14. 
lines  73-74)  and  the  final  log  likelihood  value  {fig.  14.  line 
75).  These  precede  the  table  of  parameter  values,  their 
standard  errors,  and  t-ratios  {fig.  14.  lines  76-81).  In  this 
example,  the  only  parameter  with  a  significant  t-ratio  is 
log(D);  the  values  of  the  ratios  for  all  other  parameters  fall 
below  the  critical  t  =  1.96  tabular  value.  The  covariance 
matrix  {fig.  14.  lines  82-88)  and  prediction  success  table 
{fig.    14.  lines  89-98)  follow.   The  OPC  indicates  good 


prediction  success.   Finally,  the  significance  of  the  full 
model  is  tested  {fig.  14.  lines  99-100). 

The  restricted  model  [2]  is  computed  next,  with  the  (log 
W)-  parameter  omitted  {fig.  14,  line  102).  The  initial 
estimates  of  the  parameters  that  are  retained  are  listed  {fig. 
14.  lines  103-104),  followed  by  the  initial  log  likelihood 
value  {fig.  14.  line  105)  and  the  iteration  summary  {fig.  14, 
lines  106-107).  The  final  log  likelihood  value  {fig.  14,  line 
108)  and  parameter  estimates  with  their  standard  errors 
and  t-ratios  {fig.  14,  lines  109-1 13)  follow.  In  the  restricted 
model,  the  t-ratios  of  all  the  parameters  except  natural 
response  are  now  significant;  this  contasts  with  the  lack  of 
significance  of  all  parameters  expect  dose  in  model  [  1  ].  The 
next  portion  of  the  printout  is  the  usual  presentation  of  the 
covariance  matrix  {fig.  14,  lines  114-119),  followed  by  the 
prediction  success  table  (fig.  14,  lines  120-129)  and  LR  test 
of  the  hypothesis  that  the  regression  coefficients  of  the 
restricted  model  equal  zero  {fig.  14,  lines  130-131).  The 
hypothesis  is  rejected.  Finally,  the  LR  test  of  the  hypothesis 
H:  63=0,  which  was  outlined  in  .section  4.3.1.  is  presented 
{fig.  74,  lines  1 32- 133).The  maximum  log  likelihood  for  the 
unrestricted  model,  the  model  including  (log  weight)^,  is 
L(n)  =  -93.6792  and  for  the  restricted  model,  the  one 
excluding  (log  weight)2,  is  L(a»)  =  -94.9086.  Since  LR  = 
2[L(n)  -  L(a>)]  =  2(1.2294)  =  2.4589  <  3.84,  the  hypothesis 
H  is  accepted  at  the  0.05  significance  level.  Consequently, 
we  conclude  that  (log  weight  )2  is  not  a  relevant 
explanatory  variable  in  the  regression. 
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Figure  14— Continued 
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i.4  Body  Weight  as  a  Variable: 
PROPORTIONAL  Option 

Dosage  estimates  are  the  primary  objective  of  many 
oxicoiogical   investigations.   The  topical   application 
echnique   described    by    Savin   and    others   (1977),   for 
.wample,  is  used  to  obtain  precise  estimates  of  the  amounts 
|_if  chemicals  necessary  to  affect  50  or  90  percent  of  test 
subjects.  The  quality  of  chemical  applied  is  known,  as  is  the 
j.veight  of  test  subjects,  in  the  previous  example,  we  tested 
he  significance  of  a  higher  order  term  in  a  polynominal 
model.  On  the  basis  of  an  LR  test,  we  conclude  that  the 
'higher   order   term    was    not   relevant.   The    PROPOR- 
TIONAL option  permits  the  user  to  test  the  hypothesis  that 
Ithe  response  of  test  subjects  is  proportional  to  their  body 
weight.  If  the  hypothesis  of  proportionality  is  correct,  LDjg 
and  LDg,!  estimates  at  weights  chosen  by  the  investigator 
pan  be  calculated. 

4.4.1  Models  and  Hypotheses 

I     We  now  consider  the  model 

'  y  =  6,1  +  6|X|  +  82^2 

Where  y  =  the  probit  or  logit  of  the  response,  x,  =  logarithm 
of  the  dose  (log  D),  and  x,  =  logarithm  of  the  weight  (log 
W).  Let  6o=A^  5|=/32.  and  /?2=6|  +6..  Then  the  model  [  1]  can 
be  rewritten  as 

y  =  /3o  +  i3i  log(D/W)  +  ^,  log  W. 

The  hypothesis  of  proportionality  is  H:  ^^=0  (Robertson 
and  others  1981).  The  unrestricted  model  is  [1]  and  the 
restricted  model  is 

y  =  A. +  /81  log(D/W) 
The  required  maximum  log  likelihoods  are  L(n)  and  L(cu). 


(i)  UCiy.  ML  estimation  of  [2]. 
(ii)  L(aj):  ML  estimation  of  [3]. 


When  the  hypothesis  H  is  true,  asymptotically, 
LR  =  2[L(n)      L(w)]~  X-  (1) 

so  that  the  hypothesis  H  is  accepted  at  the  a  significance 
level  if 

LR  <  X'-  (I). 

The  necessary  calculations  are  automatically  performed 
when  the  PROPORTIONAL  option  is  chosen.  Note  that 
the  hypothesis  can  also  be  tested  using  the  t-ratio  for  /3i.  If 
the  hypothesis  is  accepted,  the  user  may  obtain  LD,,,  and 
LDc,o  estimates  for  any  body  weight  desired  with  the 
method  described  by  Sa\ui  and  (tthcrs  (19X1).  Ifthe  hypo- 
thesis is  rejected,  the  BASIC  option  (.sec.  4.5)  should  be 
used. 

4.4.2  Input 

The  input  {fig.  15)  may  begin  with  the  usual  starter  cards 
(fig.  15-A)  unless  the  PROPORTIONAL  option  is  used 
after  another  analysis  (except  another  PROPORTIONAL 
option  set  or  the  BASIC  option — no  other  analysis  may 
follow  the  use  of  either).  In  this  example,  input  begins  with 
the  program  cards  {/Ig.  15-B). 

The  program  card  must  have  PROPORTIONAL  in 
some  position  from  columns  2-80  (card  6).  The  control 
card  (card  7)  must  have  NVAR=3  and  KERNEL=2  so  that 
the  proportionality  hypothesis  will  be  tested.  If  the  LR  test 
of  proportionality  is  not  needed,  NVAR=2  and 
KERNEL=0  may  be  specified;  however,  we  suggest  that  the 
LR  test  be  performed  unless  there  is  ample  evidence  that 
proportional  response  can  be  assumed.  NPLL  must  be  zero 
in  either  case,  but  other  integers  on  the  control  card  may 
vary  as  needed. 

In  this  example,  the  transformations  specified  (card  8) 
are  y,  =  log  (x./x,)  and  y,  =  log  X3.  If  the  LR  test  of 
proportionality  is  not  requested  and  NVAR  =  2, 
KERNEL^O  are  present  on  the  control  card,  the 
transformation  y,  =  log(X2/x3)  alone  should  be  used. 
Parameters  are:  constant,  log  dose  divided  by  log  weight. 


Figure  .15 
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log  weight,  and  natural  response.  Card  9  has  labels 
suggestive  of  these  names.  The  format  card  (card  10) 
instructs  the  program  to  read  dose  (fig.  15-C,  columns  1 1- 
14),  weight  {fig.  15-C,  columns  15-19),  and  response  (fig. 
15-C,  column  24)  from  the  data  cards.  The  data  cards  are 
followed  by  an  END  card  (card  264). 

If  the  proportionality  hypothesis  is  accepted,  weights 
specified  by  the  user  may  be  placed  behind  the  END  card 
to  obtain  LD50  and  LD90  estimates.  One  weight  can  be 
punched  on  each  card  in  free  field  format. 

4.4.3  Output 

The  output  follows  the  usual  pattern  until  the  last 
portion.  Titles  appear  at  the  top  of  each  page  (fig.  16,  lines 
1,  56  and  96).  The  descriptive  section  lists  specification 
statements  (fig.  16,  line  3-12),  transformation  statement 
(fig.  16,  line  13),  parameter  labels  (fig.  16,  lines  14-18), 
format  statement  (fig.  16,  line  19),  abbreviated  raw  and 
transformed  data  listing  (fig.  16,  lines  20-55  and  57-64),  the 
observation  summary  (fig.  16,  line  65),  and  the  natural 
mortality  statement  (fig.  16,  line  66). 

The  statistical  portion  of  the  printout  begins,  as  usual, 
with  the  initial  parameter  estimates  (fig.  16,  lines  67-68), 
starting  log  likelihood  value  (fig.  16,  line  69),  and  the 
iteration  summary  (fig.  16,  lines  70-71)  preceding  the  final 
log  likelihood  value  (fig.  16,  line  72).  Parameter  values  and 
statistics  (fig.  16,  lines  73-77),  covariance  matrix  (fig.  16, 
lines  78-83),  prediction  success  table  with  OPC  (fig.  16, 
lines  84-93)  and  test  of  significance  of  coefficients  in  the  full 
model  [2]  follow  (fig.  16,  lines  94-95).  The  statistics  and  LR 


test  for  the  restricted  model  [3]  are  printed  next  (fig.  16 
lines  97-124). 


4.4.4  Hypothesis  Testing 

The  LR  statistic  is 

LR  =  2[L(n)      L(w)]  =  2[  94.9086  +  99.4884] 
=  2[4.5788]  =  9.1596. 

The  hypothesis  of  proportionality  is  rejected  at  the  0.05 
significance  level  because  the  x^  critical  value  is  3.84.  Note 
that  the  hypothesis  is  also  rejected  by  the  t-test  because  the 
t-ratio  for  (ij  is  2.92.  The  calculations  in  the  last  section  of 
the  printout  are  statistics  based  on  average  weight;  these 
should  be  disregarded  unless  the  proportionality 
hypothesis  was  accepted  (see  sec.  4.5.2  for  an  explanation 
of  the  printout). 


4.5  Body  Weight  as  a  Variable:  BASIC 
Option 

The   BASIC  option  estimates  lethal  doses  D  in  the' 
equation 

y  =  A,+/8i(log  D)+/32(log  W) 

when  )3|  ^  fij-  This  model  is  appropriate  when  thef' 
proportionality  hypothesis  has  been  rejected,  as  in  thej 
previous  example  (sec.  4.4).  Calculations  are  described  byl 
Savm  and  others  (1981).  [ 
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4.5.1  Input 

The  input  {fig.  17)  begins  with  the  usual  starter  cards 
(fig.  I7-A)  unless  the  BASIC  option  follows  another 
analysis  (except  another  BASIC  or  PROPORTIONAL 
set).  In  that  case,  input  would  begin  with  the  program  cards 
{fig.  17-B).  The  program  cards  must  have: 

1.  BASIC  is  some  position  on  the  title  card  (card  6). 

2.  A  control  card  (card  7)  with  NVAR=3.  NPLL=0.  and 
KERNEL=0.  The  basic  model  is  limited  to  three 
regression  coefficients  (NVAR),  no  parallel  groups, 
and  no  test  of  a  restricted  model.  The  other  integers 
may  vary,  as  required. 

In  this  example,  the  transformation  card  (card  8)  states 
that  y2=log  X,  and  y3=log  x,.  The  parameters  (card  9)  are 
labeled:  "constant,"  "log(D),"  and  "log(W)."  Natural 
response  is  a  parameter  is  this  example,  but  need  not  be 
present  in  each  use  of  the  BASIC  option.  The  format 
statement  (card  10)  instructs  the  program  to  read  only  dose 
{fig.  /7-C,  columns  1 1-14),  body  weight  (/ig.  /7-C,  columns 
15-19),  and  response  {fig.  17-C,  column  24).  The  data  are 
followed  by  an  END  card  {fig.  17-D,  card  264)  and  weight 
cards  {fig.  17- D,  cards  265-269). 


4.5.2  Output 

The  BASIC  output  follows  the  usual  pattern  until  the 
last  section.  Title  repetition  on  each  page  {fig.  18.  lines  I, 
56,  99,  and  125),  control  card  listing  {fig.  18,  line  2), 
specification  statements  {fig.  18,  lines  3-11),  transfor- 
mation listing  {pg.  18.  line  12),  parameter  labels  {fig.  18. 


lines  13-17),  format  statement  listing  {fig.  16.  line  18),  an 
abbreviated  raw  and  transformed  data  listing  {fig.  18.  lines 
19-55  and  57-63),  observations  summary  {fig.  18.  line  64), 
and  natural  response  statement  {fig.  18.  line  65)  form  the 
descriptive  portion  of  the  output. 

The  statistical  portion  contains  the  usual  initial 
parameter  estimates  {fig.  18.  lines  66-67),  initial  log 
likelihood  value  {fig.  18.  line  68),  iteration  summary  {fig. 
18.  lines  69-70)  final  log  likelihood  value  {fig.  18.  line  71), 
parameter  values  and  statistics  {fig.  18.  lines  72-76), 
covariance  matrix  {fig.  18.  lines  77-82),  prediction  success 
table  {fig.  18.  lines  83-92),and  LR  test  of  the  full  model  {fig. 
18.  lines  93-94). 

Statistics  for  the  model  using  average  weight  of  the  test 
subjects  as  the  value  of  W  follows  {fig.  18.  lines  95-98  and 
100-102).  The  terminology  of  these  statistics  is  as  follows. 
WBAR  is  average  weight,  and  LOG  10  (WBAR)  is  the 
logarithm  of  WBAR  to  the  base  10  {fig.  18.  line  96).  The 
parameters  are  called  "A"  and  "B";  A  is  the  intercept  of  the 
line  calculated  at  WBAR,  and  B  is  the  slope  of  the  line  {fig. 
18.  line  97).  The  variances  and  covariances  of  the 
parameters  are  listed  next  {fig.  18.  line  98),  followed  by  the 
standard  errors  of  intercept  and  slope  {fig.  18.  line  100). 
Values  of  g  and  /,  used  to  calculate  confidence  limits 
(Finney  1971)  for  point  estimates  on  a  probit  or  logit  line, 
appear  next  {fig.  16.  line  101).  Finally,  values  of  the  lethal 
dose  necessary  for  50  and  90  percent  mortality  at  WBAR, 
together  with  their  95  percent  confidence  limits,  are  printed 
{fig.  18.  lines  101-102).  Next,  statistics  for  each  weight 
specified  on  the  weight  cards  {fig.  17-D.  cards  265-269)  are 
printed  {fig.  18.  lines  104-124  and  126-139). 


Figure  17. 
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Figure  18 


WEIGHT  STUDY. R?  Mex4CARB«TE  LUG(D)  LOG(H)  BASIC 


P0L02 


17  SEP  80   12:55:3"* 


2  CONTROL  card:  3, ?,0, 2, 1 ,0,0,0,0,0,0,0 

3  NUMBER  OF  variables:  3 

4  NUMBER  OF  VARIABLES  ON  INPUT  CARDS:  8 

5  NUMBER  OF  parameters:  a 

6  TYPE  OF  model:  PROBIT 

7  THERE  ARE  TRANSFORMATIONS 

8  A  CONTROL  GROUP  IS  INDICATED  BY  VARIABLE  2  BEING  ZERO 

9  INITIAL  ESTIMATES  OF  THE  PARAMETERS  ARE  TO  BE  CALCULATED  AUTOMATICALLY 

10  NATURAL  RESPONSE  IS  A  PARAMETER 

11  ONE  SUBJECT  PER  DATA  CARD 


12 


TRANSFORMATIONS:  2L2=3L3= 


13 
14 
15 
16 
17 


PARAMETER  LABELS 

1  CONSTANT 

2  LOG(D) 

3  LOG(W) 

a   NATURAL 


18 


format:  (10X,Fa.2,F5.1,T2«,Il) 


19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


INPUT 
R2  J 
R2  1 
R2  1 
R2  I 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
R2  1 
B2  1 
R?  1 
ETC. 


DATA 

1  001 

1  002 

1  003 

1  oca 

1  005 

1  006 

1  007 

1  008 

1  009 

1  010 

1  on 

1  012 

1  015 

1  Oia 

1  015 

1  Olh 

1  017 

1  018 

1  Ul<» 

1  020 


000 
000 
000 
000 
000 
000 

000 

000 
005 
005 
005 
005 
005 
005 
U05 
01  0 
010 
010 
010 
010 


bTi 

2 

0 

861 

2 

0 

762 

2 

0 

635 

2 

0 

973 

2 

0 

60a 

2 

0 

963 

2 

0 

7a5 

2 

0 

760 

2 

0 

791 

2 

0 

766 

2 

0 

930 

2 

0 

727 

2 

0 

6ia 

2 

0 

838 

2 

0 

815 

2 

0 

728 

2 

0 

769 

2 

0 

599 

2 

1 

652 

2 

1 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 


TRANSFORMFO  DATA 


1  . 
2. 
5. 

a. 
5. 
6. 
7. 
a. 

9. 

10. 
1 1. 
12. 
1  3. 
la. 


1 .00000 

1  .  0  0  0  0  0 
1 .00000 
1 .00000 

1 .oouou 
i.ooono 

1 .00000 

1 .00000 

1 .00000 
1 .00000 
1 ,00000 
1  .00000 

1 .00000 
1.00000 


-1  .3U103 
-1.30103 
-1 .30103 
-1  .30103 
-1 .30103 
-1 .30103 
-1 .30103 
-1 .00000 
-1 .00000 
-1 .00000 
-1 .00000 
-1.00000 
-1.00000 
-1.00000 


1.88081 
1 .89818 
1.88a23 
1 .96848 
1.86153 
1.78617 
1 .9232« 
1.91116 
1 .86213 
1.88593 
1.77743 
1 .81425 
1.84572 
1.80414 


56 


WEIGHT  STUDY, W2  MEXACARBATE  LOG(D)  L06(w)  BASIC 


P0L02 
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57 
58 
59 
60 
61 
62 
63 


15. 

0 

16. 

1 

17. 

0 

18. 

0 

19, 

1 

20. 

0 

ETC 

1 .00000 

1 .00000 

1 .00000 
1.00000 
1 .00000 

1 .00000 


•  1.00000 

•  1  .00000 

•1 .00000 

•1.00000 
•.698O70 
•.698970 


1.83696 
1 .77305 
1 .81954 
1 .82a78 
1.89763 
1.91009 


64 
65 


207  OBSERVATIONS  ♦  46  CONTROLS  =  253  TOTAL 
MORTALITY  IN  CONTROLS:  .022 


66 
67 


INITIAl     ESTIMATES    OF    THE    PARAMETERS 
11.99?35    CONSTANT 


2.303810  LOG(O) 


-5.455093  LOG(W) 


.2173913-01  NATURAL 


68 


STARTING  LIKELIHOOD  =  -98.2843 


69 
70 


9  LOGIT  EVALUATIONS 
7  PROBIT  EVALUATIONS 


igure  18— Continued 


71 

MAXIMUM     LOG 

LIKEl  innni)    =    -la.onsb 

7? 

PAkAMETER 

STn    EWRUR 

T    RATIO 

73 

CnNSTANT 

1S.08°9 

2.8«37« 

5.b?^«3 

74 

LUGtD) 

3.30bfla 

.a30b6<» 

7.b783« 

75 

LOG(W) 

-7.18S<»a 

l.«3bl8 

-5.003U8 

76 

Nt  TllUtL 

.ia8b?b-01 

.l«7?05-01 

1.00<>b^ 

77 

C11V»»I»NCE 

MA1RI t 

7R 

CUNSTAMT                     Ll)G(n) 

LOG(W) 

NATURAL 

79 

CUNSTAMT 

K.nPhSflO                       .50Uh3S3 

-«.Obl  70<l 

.<ib3a708-02 

80 

LOG(n) 

.■iqnhiSS                  .18^u7'i5 

-  .2«<ia<»9b 

.a5h0381-03 

81 

LUG  (/() 

-a.obWoa             -.^u««9Qb 

?.Ob?b?^ 

-.?u57787-oa 

82 

NATUWAI 

.Uh?a7nn-08          .a5b0381-n3 

-,?a57787-0a 

.?lbb9ai-n3 

83  PRFOICTinN  SUCCESS  TABLt 

84  PWEDICTCD  OincOME 

85  

86  ACTUAL    DiiTCdME  ALIVE  DEAO 

87  

88  'LTV  K  7^  2a 

89  Dt")  ?3  88 

90  - - - 

91  "ewCFM     riikkFCT  7b  7  <» 

92  nvEKALL     PERCENT    CORkECT:     77 

93  TESIING    HYPOTHESIS    THAT     TmF     3-HETA-PARAMETER    MODEL     AND    THE    0-BE T A-PAR AME TER    MODEL    ARE    THE    SAME 

94  LIKELIHOOD    WAMI)    TEST:       CHI-SOUAREO    =    10b. 5107  DF=3  TAIL    PROBABILITY    =     .000 


95  RASIC    MODEL 

96  ».'iAR:77.3b71  1  1  f     LOG  1  0  (  wB  AW  )  =  J  .888556 

97  AzP.aiR8b5<),    R  =  3.30b«?0a 

98  vn:.10a01b7,     V12=.ia88«ai,    V22=. 1850755 


99 


WEIGHT     STUDY. R?    MEXACARBATE    LOG(D)     LOG(H)     BASIC 


P0L08 
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100  SE(A):.319a00b,     SE (B ) = . «30bb87 

101  G:.0h5157,     T=l.q599b 

102  L050=.18S57bl,    L IMI TS=. 1573355, .21fe3?99 

103  LO-JOs. 8529707,     L  IM  I  TS=  .  3b5a  1  3b,  .6280598 

W=b0. 000000,    L0G10(W)=1 .778151 

*=3. 212228a,    813.306820* 

vn  =  .lb3«8a0,    V12=. 1558781,    V22=. 1850755 

SE(*)=. 0008259,     3E(B)=. 0306687 

G=. 065157,     T=l. 9599b 

LD50  =  .10b8083,     L I  MI TS= . 07  99298 , .1368099 

L090=. 2607072,     LIMITS=.2O07OO5,. 36 76050 

111  w=70. 000000,    LnG10(W)il .805098 

112  As2. 7311501,     B=3.30b820a 

113  VI l=.1203b8O,     V12=. 1395096,     V22=. 1850755 

114  SE(A)=.3a69ai5,     SE (H) =.0306687 

115  G=.0S5157,     T=1.9S99b 

116  I 050:.ia930B5,     L I M I T S= . 1 2 30 76 1 , . 1 7 68952 

117  L09U:. 36aaa5a,     L TMI TS= .29a3531 , .a990a51 
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Figure  18— Continued 


118  «  =  MO.uonnoo,    l(im  o  (w)  =  l  .'>030<'0 

119  kz?_,  <.\unpftH,    B  =  3.30h«^0a 

120  VI  l:.00/hl7y,     Vl?:.l?'i330b,     va?=. 1851755 

121  SF ( 4):.312«3«h,     SE C H ) : . « 3066fl 7 

122  G:.Uh5157,     Tll,qS'»'?h 

123  LU50:.1  9<557«3,  L  I  M I  T  Si  .  1  692023 ,  .  23357  90 

124  LU90=.U87138h,  L IMI TS= . 390591 8 , .682709 1 


125  WEIGHT  STUDY. R2  MEXACAHBATE  LOr,(D)  LOG(W)  BASIC 

126  W:90.on0000,  LOG  1 0 ( W)  =  1 . 95«2a3 

127  A:l.qa68505,  B=3.306fl20a 

128  VI 1=. 0890662,  V12=. 1128239,  V22=. 1850755 

129  SE(A)=. 2980396,  SE (B) = .«306687 

130  G=. 065157,  7=1.95996 

131  L050=, 2577876,  L IM I TS= . 21 1 2662, . 3 1 6531 1 

132  LD90=. 6292309,  L  IMI  TS  =  .  <l«««81  8,  .  930536a 

133  WslOO. 000000,  LOG10(W)=2. 000000 

134  Asl.61«0«08,  8=3.3068200 

135  Vll=. 0905631,  V12=. 1016362,  V22=. 1850755 

136  SE(A)=. 3009370,  SE (B ) =,0306687 

137  G=. 065157,  1=1.95996 

138  L050  =  . 3201 126,  L I  MI T S= .2507269, . 0269028 

139  L090=. 791 1227,  LIMITS=. 5783192, 1.2088830 

140  a)FIN 


17  SEP  80   12:55:00 


5.  ERROR  MESSAGES 


Error  messages  clearly  indicate  mistakes  in  the  input. 
For  example: 


Message 

CONTROL  CARD: 

4,4,0,2,1,0.0,0,0,3,0 
THERE  SHOULD  BE  \: 
NUMBERS,  NOT  II 

FORMAT: 

(IOx,F4.2,F5.l(T24,Il) 


Reason 

One  of  the  integers  is  missing  from 
the  control  card. 


The     parenthesis    preceding    T24 
should  have  been  a  comma. 


n.LEGAL  FORMAT 
CHARACTERS  WERE 
ACCEPTED  AS  BLANKS 

TRANSFORMATIONS: 

2L2=3L3=3L33L3*4= 
STACK  MUST  BE  EMPTY  AT 
END  OF  POLISH  STRING 

CONTROL  CARD: 

4,4,0,2,1,0,0,0,0,3,0,0 
THERE  ARE  NOW 
16750372454 
PARALLEL  GROUPS, 
EXCEEDING  3 


An  extra  "3"  was  punched  ("33" 
should  be  "3"),  so  an  extra  x,  was 
put  into  the  stack.  The  stack, 
therefore,  was  not  empty  at  the  end 
of  the  scan.  See  section  2.4.1. 

The  3  belonged  in  the  KERNEL 
column,  not  in  the  NPLL  column. 


Along  with  the  error  message,  the  user  will  receive  a 
message  guaranteed  to  catch  the  eye. 
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of  Agriculture;  1981.  37  p. 

This  guide  provides  instructions  for  the  use  of  P0L02,  a  computer  program  for 
multivariate  probit  or  logit  analysis  of  quantal  response  data.  As  many  as  3000  test 
subjects  may  be  included  in  a  single  analysis.  Including  the  constant  term,  up  to  nine 
explanatory  variables  may  be  used.  Examples  illustrating  input,  output,  and  uses  of 
the  program's  special  features  for  hypothesis  testing  are  included. 

Retrieval  terms:  multiple  probit  analysis,  multiple  logit  analysis,  multivariate  analysis 
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The  same  basic  valuation  principles  which  apply  to  an 
economic  efficiency  analysis  of  any  natural  resource  pro- 
gram also  apply  to  public  fire  management  programs.  The 
fire  analysis  problem,  however,  adds  some  unique  require- 
ments for  both  the  structure  of  the  analysis  and  the  applica- 
tion of  the  valuation  principles.  The  appropriate  economic 
selection  criterion  among  fire  program  alternatives  is  the 
minimization  of  the  program  cost  plus  the  net  value  change 
in  resource  outputs  (C  -I-  NVC).  The  C  -I-  NVC  criterion 
recognizes  the  beneficial  as  well  as  the  detrimental  effects  of 
fire  resources. 

Several  factors  must  be  considered  when  determining  the 
scope  of  the  fire  effects  and  commensurate  resource  values 
needed  in  the  fire  program  analysis.  The  analysis  should 
consider  the  effects  of  fire  on  resource  output  at  the  fire  site 
and  the  direct  physical  effects  away  from  the  site.  All  re- 
source outputs  that  can  be  valued  in  dollars  should  be  in- 
cluded in  the  net  value  change  calculation;  resource  output 
that  cannot  be  readily  measured  in  dollars  should  not  be 
forced  into  the  economic  analysis.  Fire  effects  on  rare  and 
endangered  species  are  examples  of  this  latter  class  of  out- 
puts. Intended  resource  use  plays  an  important  role  in  deter- 
mining fire  effects.  A  resource  loss  takes  place  only  if  the 
resource  output  would  have  occurred  in  the  absence  of  the 
fire. 

The  substitution  of  unburned  for  burned  resources  within 
the  planning  unit  should  not,  with  a  few  exceptions,  be 
included  in  the  fire  effects  calculations.  Substitution  is  more 
a  reflection  of  institutional  setting  than  of  inherent  site  and 
program  productivity.  The  fire  management  efficiency  anal- 


ysis should  reflect  inherent  productivity  as  clearly  as  pos- 
sible. 

Rehabilitation  impacts  on  resource  outputs  over  time  must 
be  included  in  the  fire  management  analysis  even  though  the 
rehabilitation  decision  is  separable  from  the  fire  program 
decision.  The  rehabilitation  options  should  be  screened 
against  an  economic  efficiency  criterion  so  as  to  ensure  that 
high-cost,  but  inefficient  activities  do  not  bias  the  fire  man- 
agement program  selection. 

The  valuation  procedure  used  in  fire  program  economic 
analyses  must  be  free  of  market  distortions  and  operate 
where  there  is  a  lack  of  a  commercial  market.  A  single 
valuation  procedure  must  be  applicable  to  all  resources  to 
avoid  bias.  The  value  must  reflect  the  full  economic  value  to 
society  and  not  just  that  portion  which  can  be  captured  in 
commercial  markets  or  by  individuals.  Willingness-to-pay 
values  meet  these  criteria. 

The  per  unit  value  should  be  measured  across  the  margin 
of  fire-induced  output  change.  The  marginal  willingness-to- 
pay,  rather  than  the  average,  is  the  correct  value  measure  for 
a  marginal  analysis  of  fire  management  program  alterna- 
tives. This  difference  between  the  marginal  and  average  val- 
ue is  important  since  the  marginal  value  is  always  less  than 
the  average  value.  The  amount  of  difference  is  a  function  of 
demand  elasticity  and  the  increment  of  output  change  in- 
duced by  the  fires. 

Demand  elasticity  and  the  magnitude  of  the  resource  out- 
put change  also  have  an  impact  on  the  practical  derivation  of 
marginal  willingness-to-pay  value  estimates.  If  either  the 
demand  function  is  highly  elastic  or  the  output  change  is 
small,  the  initial  willingness-to-pay  per  unit  value  is  a  re- 
liable estimate  of  the  marginal  willingness-to-pay.  This  ini- 
tial willingness-to-pay  can  be  approximated  with  the  initial 
market  price  for  resources  traded  in  competitive  markets. 

Past  studies  indicate  that  timber  and  improvement  values 
have  the  greatest  net  value  changes,  and  that  errors  in  their 
per  unit  value  estimates  have  the  greatest  impact  on  eco- 
nomic efficiency  results.  Initial  efforts  to  refine  value  esti- 
mates for  fire  analyses  should,  therefore,  be  concentrated  on 
these  two  resource  categories.  The  resource  values  for  the 
other  resource  categories  that  were  compiled  from  past 
studies  for  use  in  the  1978  Resources  Planning  Act  analyses 
should  be  used  at  this  time.  All  value  estimates  should  be 
subjected  to  sensitivity  analyses  in  a  prototype  fire  economic 
evaluation  model.  Without  such  analysis,  it  is  not  possible  to 
determine  how  accurate  the  value  estimates  must  be. 


The  soaring  cost  of  fire  presuppression  and  suppression 
has  intensified  demands  for  identifying  the  "best"  fire 
nanagement  practices.  These  demands  stem  from  actions  by 
he  Congress  (U.S.  Senate  1978),  U.S.  Office  of  Manage- 
nent  and  Budget  (U.S.  Dep.  Agric,  Forest  Serv.  1977),  and 
-orest  Service,  U.S.  Department  of  Agriculture.  In  1978,  the 
"orest  Service  announced  a  change  in  its  fire  management 
)olicy,  requiring  that  fire  management  programs  be  cost- 
;ffective  and  compatible  with  land  management  activities. 

To  meet  these  objectives,  fire  management  programs  must 
)e  economically  efficient.  Analyses  of  programs  to  deter- 
nine  efficiency  must  consider  resource  values  on  as  accurate 
ind  realistic  terms  as  possible.  Until  recently,  proxies  for 
esource  values,  such  as  "acres  burned,"  were  used.  Another 
)ractice  has  been  to  use  the  values  for  Potential  Damage 
riass,  for  which  it  is  assumed  that  all  fires  burned  at  their 
lighest  intensities  (U.S.  Dep.  Agric,  Forest  Serv.  1963). 
-or  a  full  economic  evaluation  of  program  alternatives,  more 
iccurate  estimates  of  resource  values  are  needed  than  either 
)f  these  approximations  can  provide. 

Fire  management  programs  influence  the  flow  of  resource 
)utputs  from  the  forest,  whether  they  are  products  or  amen- 
ties,  as  well  as  the  per  unit  value  of  these  resources.  Values 
ihould  be  expressed  in  monetary  terms  because  dollars  serve 
IS  the  common  denominator  by  which  the  benefits  and  costs 
)f  fire  management  programs  can  be  aggregated  and  com- 
lared.  Much  of  the  information  needed  for  estimating  values 
;an  be  drawn  from  the  same  concepts  and  approaches  used 
n  evaluating  resource  output  from  other  public  programs. 

This  report  reviews  the  economic  concepts  basic  to  re- 
iource  valuation  in  analyzing  public  programs,  and  identi- 
"ies  the  specific  considerations  of  values  appropriate  to  fire 
management  programs.  It  specifies  the  categories  of  re- 
source output  most  useful  in  analyzing  programs  for  eco- 
lomic  efficiency.  The  valuation  approach  suggested  is  appli- 
:abie  to  broad  resolution  analyses  of  fire  management  pro- 
gram economic  efficiency  for  regional  or  major  subregional 
slanning  decisions. 


CRITERIA  OF  ECONOMIC 
EFFICIENCY 

An  accurate  criterion  of  economic  efficiency  for  fire  man- 
agement programs  is  the  minimization  of  cost  plus  loss,  or 
more  fully,  cost  plus  net  value  change  (C  -I-  NVC)  (Mills 
1980).  This  criterion  offers  the  advantage  of  compatibility 
with  the  expression  of  both  resource  losses  and  beneficial 
effects  that  fires,  and  fire  management  actions,  have  on 
resource  outputs. 

The  problem  that  hindered  past  efforts  of  economic  anal- 
ysis was  the  lack  of  an  analytical  model  that  considers  the 
occurrence,  behavior,  and  effects  of  fire,  the  effectiveness 
and  costs  of  fire  management,  and  the  value  of  resources. 
Without  such  a  model,  the  C  -I-  NVC  functional  relation- 
ships could  not  be  derived.  The  appropriate  model  should 
evaluate  fire  management  expenditures,  like  any  other  land 
management  activity,  on  the  basis  of  changes  in  resource 
values  that  a  program  generates. 

The  C  +  NVC  function  is  derived  by  adding  presuppres- 
sion cost  to  the  cost  of  fire  suppression  and  the  value  of  the 
change  in  resource  outputs  that  result  from  the  fires.  The 
most  efficient  level  of  fire  program  input  is  the  point  where 
the  summation  is  minimized  (PL,)  in  the  hypothetical  rela- 
tionships (fig.  1).  The  net  value  change  (NVC)  sums  up  the 
change  in  the  quantity  of  resource  outputs  that  result  from 
the  fires  times  the  per  unit  value  of  output: 

NVC=,|,  [(Q-Q.)  V,] 

in  which 

Q  =  output  level  without  the  fire 

Q'=  output  level  with  the  fire 

V  =  per  unit  value 

i  =  resource  category 

n  =  number  of  resource  categories. 


Dollars 


Cost  plus 

net  value  change 


Presuppression 
cost 


Net  value  change 
Suppression  cost 


Program  level 

Figure  1 — Minimization  of  cost  plus  net  value  change  identifies  the 
most  efficient  fire  management  program  level. 


CHANGES  IN  RESOURCE  VALUES 


Resource  values  discussed  here  are  restricted  to  changes  in 
resource  output  at  the  site  of  the  fire,  such  as  a  decrease  in 
timber  harvest  because  of  trees  killed  by  fire,  and  to  those 
away  from  the  site  that  are  a  direct  result  of  the  fire,  such  as 
a  decline  in  usable  waterflow  downstream  from  the  fire. 

Three  broad  types  of  output  or  effects  are  excluded:  (1) 
secondary  effects,  such  as  the  effect  on  local  income  or 
employment;  (2)  substitution  effects,  such  as  harvesting  un- 
burned  timber  in  place  of  burned  timber;  and  (3)  resource 
outputs  that  cannot  be  assigned  dollar  values,  such  as  rare 
and  endangered  plants  and  animals.  This  is  not  to  say  these 
excluded  effects  are  unimportant.  They  are  simply  beyond 
the  scope  of  this  report,  and  it  is  generally  not  appropriate  to 
include  them  in  an  economic  efficiency  analysis. 

The  exclusion  of  secondary  effects  originates  in  part  from 
the  difficulty  of  tracing  the  multiplier  effects  throughout  the 
market,  and  identifying  the  final  net  secondary  effects.  Al- 
though secondafy  effects  can  have  significant  local  impli- 
cations, the  question  is  whether  they  have  a  net  regional 
impact  (Knetsch  1969).  The  general  conclusion  for  most 
resources  affected  by  fires  is  that  they  do  not  have  a  net 
regional  impact. 


This  derivation  of  NVC  differs  substantially  from  that 
typically  found  in  public  program  efficiency  analyses.  The 
typical  comparison  in  such  analyses  is  with  the  program  v. 
without  the  program.  The  with  v.  without  program  com- 
parison is  inappropriate  in  fire  program  analyses  because  it 
is  not  possible  to  determine  how  large  fires  would  become  in 
the  complete  absence  of  a  fire  management  program. 

A  program  level  that  results  in  no  fires — even  if  this  were 
technologically  feasible — is  not  necessarily  the  most  effi- 
cient. Resource  outputs  in  the  absence  of  fire  are  simply  used 
in  the  NVC  calculation  as  a  common  benchmark  for  mea- 
surements. These  measurements  serve  in  the  NVC  calcu- 
lation similar  to  the  way  they  entered  the  "loss"  term  in  past 
calculations  of  cost-plus-loss. 

Comparing  output  levels  with  and  without///-^,  rather  than 
the  programs,  means  that  the  C  +  NVC  criterion  is  a  mod- 
ified marginal  criterion.  Consequently,  no  efficiency  con- 
clusions can  be  drawn  from  a  single  C  +  NVC  calculation. 
Instead,  the  C  +  NVC  of  sequential  fire  management  pro- 
gram levels  must  be  compared  with  each  other  until  a  min- 
imum is  located. 

No  single  fire  management  analysis  model  is  appropriate 
tor  all  fire  management  program  questions.  A  number  of 
spatial  and  temporal  resolutions  are  relevant.  The  resolution 
levels  vary  from  broad  questions  about  resource  program 
opportunities  to  site-  and  time-specific  analysis  of  individual 
projects,  such  as  escaped  fires.  The  resolution  of  the  re- 
source value  estimates  must  be  tempered  by  the  resolution  of 
the  analysis  within  which  they  will  be  used. 


Exclusion  of  Substitutes 

Whether  unburned  resources  should  be  substituted  for 
burned  resources  is  an  important  question  that  arises  in  any 
evaluation  of  afire  management  program.  In  timber  manage- 
ment programs,  a  similar  question  is  whether  the  allowable 
cut  effect  should  be  used  to  measure  silvicultural  program 
effects  or  whether  the  benefit  of  cutting  should  be  measured 
only  by  the  productivity  of  the  sites  that  were  treated. 

The  evaluation  of  fire  management  program  alternatives 
should,  in  our  judgment,  as  clearly  as  possible  reflect  only 
inherent  site  productivity.  Most  of  the  important  substi- 
tutions which  occur  in  an  analysis  are  the  result  of  site 
productivity  intermeshed  with  institutionalized  decision 
rules,  such  as  pursuing  a  nondeclining  even-flow  of  timber 
yields.  We  are,  therefore,  proposing  that  substitution  in  gen- 
eral be  excluded  from  the  fire  management  analysis  at  the 
regional  level.  Institutional  rules  and  settings  should  stem 
from  broad  resolution  planning  rather  than  precede  it. 

We  recognize  that  the  measurement  of  fire  effects,  and 
therefore  NVC,  in  the  absence  of  substitution  does  not  re- 
flect the  actual  cash  flow  that  comes  from  an  area  encum- 
bered by  its  institutional  setting.  Such  measurement  does, 
however,  more  accurately  reflect  the  inherent  productivity  of 
the  site  and  the  fire  management  program.  At  the  regional 
level,  the  goal  should  be  to  determine  this  inherent  produc- 
tivity and  allocate  funds  according  to  it.  In  an  economic 
sense,  the  unburned  resources  could  have  been  utilized  any- 
way, even  if  the  fire  had  not  burned.  The  fire  management 


ind  the  postfire  substitution  decisions  are  technologically 
separable,  and  they  should  be  analyzed  independently. 

Postfire  substitutions  may  be  separated  into  two  catego- 
ies.  The  first  category  requires  a  manager  to  decide  about 
jsing  resources  that  would  not  have  been  used  had  there  not 
3een  a  fire.  A  decision  to  sell  timber  on  a  National  Forest 
hat  would  not  have  been  offered  for  sale  in  the  absence  of 
he  fire  is  an  example.  This  form  of  substitution  will  not  be 
;onsidered  in  this  discussion.  We  recognize  that  ignoring 
his  management-induced  substitution  produces  a  higher 
estimate  of  fire-induced  losses  and  fire-induced  benefits 
han  if  it  were  included. 

The  second  category  consists  of  those  that  result  from 
lecisions  made  by  resource  users.  The  movement  of  recre- 
uionists  to  an  alternative  site  after  one  has  burned  is  an 
jxample.  Substitution  which  results  from  users'  decisions 
;an  take  place  only  if  unused  resource  capacity  is  available, 
'or  example,  if  adjacent  campgrounds  are  not  filled  to  capac- 
ty.  If  unused  camping  capacity  exists  in  a  nearby  area,  the 
/alue  lost  due  to  the  burning  of  a  campground  equals  the 
idditional  cost  of  transportation  to  another  site  and  perhaps 
i  congestion-related  decrease  in  value  per  recreation  visit, 
jiven  the  usual  procedures  for  estimating  recreation  usage 
md  value,  it  is  questionable  whether  this  form  of  substitution 
;ould  be  excluded  from  an  estimate  of  the  fire  effects  on 
"ccreational  usage.  The  user-induced  substitution  should 
herefore  be  included  in  the  fire  program  analysis. 

The  proposal  to  exclude  all  substitution,  except  that  re- 
sulting from  user  decisions  in  the  recreation  categories,  is 

;onsistent  with  the  methods  used  for  estimating  fire  effects 
3y  other  investigators  (Schweitzer  and  others  1981,  U.S. 
Dep.  Agric.  Forest  Serv.  1980).  Preliminary  results  avail- 
ible  from  previous  analyses  indicate  that  recreation-related 
effects  have  a  minor  impact  on  the  fire  management  analysis 
■esults.  In  net  then,  essentially  all  important  substitution  has 
5een  excluded. 


intended  Use  of  Resources 

The  intended  use  of  a  resource  helps  determine  the  scope 
jf  the  fire  effects  and  the  values  needed  in  the  analysis.  Only 
"esource  outputs  actually  affected  by  fire  or  fire  manage- 
ment programs  should  be  included  in  the  NVC  calculation, 
"or  example,  commercial  fishing  losses  should  not  be  in- 
;luded  when  fire-induced  erosion  affects  fish  spawning 
ireas  if  no  commercial  fishing  occurs  anyway,  with  or  with- 
out the  fire.  Similarly,  a  fire  in  a  wilderness  area  that  kills 
rees  does  not  affect  the  output  of  timber  because  no  timber 
A'ould  have  been  harvested  there  in  the  absence  of  the  fire. 
But  the  wilderness  fire  could  affect  the  recreation  output  of 
he  area  if  recreational  use  is  related  to  the  vegetative  cover. 

The  intended  resource  use  also  affects  the  timing  of  the 
"ire  effects  for  valuation  purposes.  For  example,  if  fire  burns 
in  immature  timber  stand,  the  effect  upon  resource  outputs 
s  the  future  timber  harvest  foregone  rather  than  an  immedi- 
ite  change  in  output.  That  future  harvest  is  the  commodity 


which  must  be  properly  valued,  using  estimates  of  its  future 
per  unit  value.  The  future  net  value  change  must  then  be 
discounted  to  the  present  for  inclusion  in  the  NVC  calcu- 
lation. 

Postfire  rehabilitation  decisions,  such  as  reseeding  grass 
to  reduce  erosion  can  have  a  major  impact  on  the  efficiency 
of  the  fire  program.  Unlike  the  resource  substitution,  how- 
ever, the  results  of  the  rehabilitation  decision  affect  future 
resource  outputs  on  the  fire  site.  The  rehabilitation  impacts 
must  therefore  be  included  in  the  fire  management  analysis. 
For  example,  if  reseeding  reduces  the  effects  of  erosion  from 
5  to  2  years,  the  cost  of  reseeding  and  2  years'  erosion  effect 
should  be  included  in  the  fire  program  analysis. 

The  rehabilitation  decision  should  be  kept  distinct  from 
the  decision  on  the  most  efficient  level  of  the  fire  manage- 
ment program.  Extensive  and  high  cost  rehabilitation  activ- 
ities can  be  decisive  in  determining  which  fire  management 
program  level  is  most  efficient.  The  high  cost  of  rehabil- 
itation activities  can  raise  the  most  economically  efficient 
fire  program  level,  even  if  the  net  resource  damage  was  not 
materially  reduced  by  the  rehabilitation.  To  avoid  this  poten- 
tial bias,  the  rehabilitation  alternatives  should  also  be  evalu- 
ated by  economic  efficiency  criteria  before  inclusion  in  the 
fire  management  analysis. 


RESOURCE  CATEGORIES  AND 
VALUATION 


To  further  define  the  resource  value  needs  for  a  fire  man- 
agement analysis,  we  developed  a  list  of  resource  categories, 
elements  of  the  resources,  units  for  measuring  use,  and  indi- 
cation of  marketability  {tabic  J).  Each  resource  output  is 
measured  in  units  which  reflect  human  use  of  the  resource 
and  units  which  can  be  expressed  in  dollars.  Wilderness  and 
wildlife  outputs,  for  example,  arc  both  measured  in  recre- 
ation visitor-days  instead  of  esthetic  appreciation  and  wild- 
life habitat,  respectively. 

An  improvement  category  is  also  included  (lahle  I). 
Homes,  administrative  structures,  and  a  host  of  other  im- 
provements, such  as  fences  and  roads,  are  affected  by  fire  or 
by  the  erosion  and  flooding  which  is  related  to  the  fire.  Since 
these  effects  on  improvements  occur  on  the  fire  site  or  are  a 
direct  offsite  effect,  they  should  be  included  in  the  net  value 
change  calculation. 

All  direct  effects  which  cannot  be  readily  measured  in 
dollars,  such  as  the  effect  of  fire  on  endangered  plant  or 
animal  species,  the  option  value  of  a  wilderness  area  to 
nonusers,  or  the  loss  of  human  life  are  excluded.  These 
unvalued  effects  should  be  considered  in  the  fire  program 
decision,  however.  The  relative  weights  between  the  dollar 
valued  and  nondollar  valued  outputs  should  be  supplied  by 
the  decisionmaker.  The  economic  efficiency  analysis  is. 


therefore,   only   a   partial    analysis   rather  than   a   whole- 
decision  model. 

The  resource  categories  include  a  mixture  of  marketed  and 
nonmarketed  outputs  {table  1).  Some  are  traded  in  commer- 
cial markets  while  others  are  public  goods  which  are  not 
assigned  monetary  values  in  commercial  markets.  The  valu- 
ation problem  is  further  complicated  because  some  markets 
operate  imperfectly. 

The  resources  can  be  categorized  into  four  groups  on  the 
basis  of  the  type  of  transaction  in  which  they  are  typically 
involved: 
Marketed  resources: 

•  Values  are  set  by  commercial  market  transactions  in 
relatively  competitive  markets,  e.g.,  timber  prices. 

•  Administratively  determined  fees  are  charged  which  are 
related  to,  but  do  not  represent  full  value  to  users,  e.g., 
grazing  fees.  Although  a  semblance  of  a  commercial  market 
exists,  significant  market  distortions  are  present. 

Nonmarketed  resources: 

•  Administratively  determined  fees  are  based  on  adminis- 
trative costs  rather  than  any  proxy  commercial  market  value, 
e.g.,  fees  for  developed  recreation. 

•  No  commercial  market  exists  nor  are  fees  charged,  e.g., 
wilderness  recreation. 


The  resource  valuation  process  must  adjust  for  market 
distortions  as  well  as  the  lack  of  a  formal  market.  The  pro- 
cess must  also  estimate  the  full  economic  value  of  the  re- 
source outputs  to  society.  Prices  and  fees  are  not  always  an 
adequate  basis  for  value  determination.  If  the  dollar  value 
from  existing  transactions  were  used  exclusively,  the  analysis 
would  be  biased  against  resource  outputs  that  are  under- 
valued by  existing  fees,  such  as  grazing,  and  against  re- 
sources not  traded  in  commercial  markets,  such  as  wilder- 
ness recreation. 

A  value  bias  would  also  be  introduced  if  different  valu- 
ation measurement  concepts  were  applied  to  the  different 
resource  categories.  For  example,  if  estimates  of  market 
price  were  used,  the  net  value  change  would  be  calculated  by 
multiplying  the  change  in  output  times  the  price  existing 
before  the  loss.  The  demand  function  elasticity  would  not 
influence  the  resultant  estimate  of  net  value  change. 

If,  on  the  other  hand,  willingness-to-pay  estimates  were 
used,  where  willingness-to-pay  includes  consumer  surplus 
as  well  as  market  revenue,  both  the  per  unit  and  total  value 
loss  estimates  are  directly  influenced  by  the  elasticity  of  the 
demand  function  at  the  quantity  level  where  output  is  af- 
fected. The  willingness-to-pay  estimate  of  net  value  is  either 
higher  or  lower  than  the  estimate  derived  by  using  market 


Table  1  — Fire  sensitive  resources  and  primary  form  of  transaction 


Elements 

Unit 

Transaction 

Resource 

Market 

Nonmarket 

Commercial  timber 

Sawtimber  and  pulpwood 
(classified  by  species,  age, 
and  other  characteristics 
which  influence  value) 

Thousand  board  feet, 
cubic  feet 

X 

Commercial  range 

Livestock  grazing 

Animal  unit  months' 

X 

Recreation 

Developed — private 

Recreation  visitor-days^ 

X 

Developed — public 

Recreation  visitor-days 

X 

Dispersed 

Recreation  visitor-days 

X 

Wilderness 

Recreation  visitor-days 

X 

Water 

Water  quality  reduction 

Cubic  feet — sediment 
removal 

X" 

Water  quantity 

Acre  feet 

X 

Wildlife 

Nonconsumptive' 
Consumptive: 

Recreation  visitor-days 

X 

Hunting: 

Recreationvisitor-days 

X 

Fishing: 

Sport 

Recreation  visitor-days 

X 

Commercial 

Pounds 

X 

Capital  improvements 

Federal,  management 

Unit 

X" 

Federal,  administrative 

Unit 

X" 

Private 

Unit 

X" 

Other 

Unit 

X" 

'AUM  -  amount  of  feed  or  forage  required  by  one  mature  (1000-lb)  cow  or  equivalent  for  1  month. 
2RVD  =  one  visitor-day  equals  12  hours  (I  person  for  12  h.or  12  people  for  1  h,  or  any  combination  thereof ). 
'Example  is  bird  watching. 
Restoration  costs  including  costs  of  repair,  replacement,  or  rehabilitation  serve  as  substitutions  for  value. 


irices,  depending  on  whether  the  fire  produces  an  increase 
)r  decrease  in  resource  output,  respectively.  The  magnitude 
)f  difference  between  market  price  and  the  wiliingness-to- 
)ay  unit  values  is  a  function  of  the  demand  elasticity  and 
nagnitude  of  the  fire-induced  change  in  resource  outputs. 

To  overcome  such  differences  among  valuation  methods, 
he  values  for  all  resource  categories  should  be  assigned  in 
he  same  way.  This  consistency  should  exist  not  only  among 
■esources  but  also  among  fire  management  program  alterna- 
tives being  evaluated. 

The  resource  values  should  also  represent  the  value  to 
society  rather  than  to  any  individual.  Since  the  purpose  of  a 
Fire  program  efficiency  analysis  is  to  provide  information 
relevant  to  public  program  decisionmaking,  a  societal  per- 
spective is  appropriate.  Societal  values  in  some  instances 
exceed  revenues  collected  and  returns  captured  in  a  commer- 
:ial  market. 

The  fire  effects  should  be  recorded  for  both  beneficial  and 
jetrimental  consequences  of  fire.  For  example,  grazing  out- 
3Ut  can  be  higher  1  year  after  a  moderate  intensity  fire  than 
It  would  be  in  the  absence  of  the  fire.  Major  quality  effects 
ivhich  actually  reflect  a  change  in  the  resource  category 
should  also  be  represented.  The  market  in  which  fire-killed 
imber  is  bought  and  sold,  for  example,  is  probably  really  a 
different  market  in  an  economic  sense  than  the  one  in  which 
jnburned  timber  is  priced.  Different  values  may  therefore  be 
ippropriate  for  the  two  different  resource  categories,  salvage 
ind  green  stumpage. 

It  is  also  important  that  the  resource  for  which  the  value 
s  derived  is  the  resource  which  is  really  affected  by  the 
jrogram  being  evaluated.'  Fire,  for  example,  affects  stand- 
ing timber — not  lumber.  Stumpage  is  the  resource  which 


Price 


must  be  valued  then — not  lumber  that  contains  a  value- 
added  due  to  transportation  and  processing.  This  point  is 
especially  important  for  resources  not  traded  in  commercial 
markets. 

In  short,  a  single  valuation  measurement  must  be  chosen 
and  applied  uniformly  to  all  resource  categories.  The  values 
must  reflect  a  societal  view.  The  valuation  concept  must  lend 
itself  to  application  to  both  marketed  and  nonmarketed  re- 
sources. And  finally,  the  value  measurement  should  be  made 
for  the  resource  actually  affected  by  the  program  being  eval- 
uated to  be  sure  that  inappropriate  value-added  is  not  con- 
tained in  the  value  estimate. 


WILLINGNESS-TO-PAY  VALUATION 


The  willingness-to-pay  concept  meets  these  valuation  cri- 
teria. It  goes  beyond  actual  dollar  transactions  and  represents 
the  total  economic  value  to  society.  Value  measurements  are 
based  on  the  dollar  amount  that  users  would  be  willing  to  pay 
to  secure  the  benefits  if  confronted  with  the  choice  of  con- 
suming the  benefit  or  going  without  it. 

Technically,  losses  should  be  measured  by  the  minimum 
amount  of  compensation  individuals  would  be  willing  to 
accept  in  exchange  for  having  the  losses  imposed  upon  them. 
This  is  termed  "willingness-to-sell."  Under  competitive  con- 
ditions, or  where  there  is  a  price  effect  but  the  income  impact 
is  negligible,  willingness-to-sell  equals  willingness-to-pay. 
However,  the  amount  a  consumer  must  be  paid  in  order  to 
voluntarily  forego  the  benefit  can  differ  greatly  from  a  con- 
sumer's willingness-to-pay  for  a  benefit  due  to  income  lim- 
itation (Mishan  1976).  Resource  output  changes  can  take  the 
form  of  either  a  loss  or  a  gain,  depending  upon  the  effects  of 
the  fire  and  the  fire  management  program  characteristics. 
We  use  willingness-to-pay  measures  in  this  report  for  sim- 
plicity. 

Willingness-to-pay  values  for  nonmarket  outputs  arc  di- 
rectly comparable  with  values  developed  for  resources 
traded  in  a  commercial  market.  The  willingness-to-pay  for 
fire-induced  output  changes  exceeds  the  revenue  that  can  be 
captured  in  a  commercial  market  whenever  (I)  the  goods  or 
services  are  rationed,  formally  or  informally,  by  any  means 
other  than  price;  or  (2)  the  output  represents  more  than  a 
marginal  increment  in  the  total  supply  of  the  goods  or  ser- 
vice; and  (3)  when  perfect  price  discrimination  is  not  em- 
ployed in  the  distribution  of  the  output  (Marglin  1967). 


Quantity 

Figure  2 — Total  willingness-to-pay  is  composed  of  total  market  expen- 
ditures plus  consumer  surplus. 


'Convery,  Frank  F  Development  of  common  measures  of  value  for 
multiple  forest  outputs.  1974.  Unpublished  draft  supplied  to  authors  by 
Frank  F  Convery. 


Theoretical  Basis 

Total  willingness-to-pay  equals  the  maximum  revenue  that 
a  perfect  price  discriminator  could  collect  if  the  output  were 
sold  one  unit  at  a  time  to  the  highest  bidder  (area  OABQi  in 
fig.  2).  The  area  under  the  demand  curve  can  be  separated 
into  two  parts:  total  market  expenditures  (area  OP|BQ,,//g. 
2)  and  the  gap  between  the  willingness-to-pay  and  the  total 
market  expenditures  (area  P|AB,//^.  2).  This  second  part  is 
the  consumer  surplus  or  unpaid-for  increment.  It  is  a  benefit 
received  but  not  paid  for  by  the  consumer  when  goods  are 
sold  at  a  single  price.  Consumers  pay  only  the  total  market 
expenditures,  not  what  they  would  be  willing  to  pay. 

This  same  value  measurement  can  be  applied  to  market 
and  nonmarket  outputs.  When  existing  price  information 
misrepresents  value  due  to  market  distortions  or  a  lack  of 
market  structure,  special  value  assessment  techniques  can  be 
used  to  determine  user's  incremental  willingness-to-pay  for 
varying  quantities  of  the  outputs.  The  special  techniques  are 
used  to  derive  portions  of  the  demand  curves  for  the  various 
resources. 

Consumer  surveys  and  bidding  games  can  be  used  to  de- 
rive the  relevant  demand  function  segment  for  recreation 
resources.  Another  approach  is  to  estimate  the  marginal- 
value-product  of  an  added  increment  of  resource  input  into 
the  production  of  another  good.  This  technique  is  applicable 
to  outputs  such  as  grazing  and  water  which  are  inputs  to  meat 
and  crop  production  respectively  (O'Connell  1972).  Market 
prices  of  close  substitutes  may  also  be  used  if  the  markets  in 
which  substitutes  are  traded  are  competitive.  The  rental  rate 
of  commercial  pasture  and  use  rates  in  commercial  camp- 
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Figure  3— Marginal  willingness-to-pay  is  measured  only  over  the  range 
in  output  change  induced  by  the  program. 


grounds,  for  example,  provide  market  price  estimates  for 
grazing  and  public  recreation  once  comparability  adjust- 
ments have  been  made.  Using  the  above  techniques,  the  per 
unit  value  can  be  calculated  for  the  quantity  supplied.  This 
value  can  then  be  treated  like  a  price  derived  in  a  commercial 
market. 


IVIarginal  Values  and  Output  Change 

Depicted  graphically,  total  willingness-to-pay  is  the  entire 
area  under  the  demand  curve  up  to  the  quantity  level  cur- 
rently being  consumed.  The  relevant  willingness-to-pay 
value  for  fire  program  evaluations,  however,  is  not  the  total 
willingness-to-pay.  It  is  only  the  willingness-to-pay  over  the 
margin  of  output  change  induced  by  the  fire  program.  The 
entire  demand  curve  is  not  needed  for  this  marginal  calcu- 
lation. The  NVC  for  the  fire  program  is  calculated  by  multi- 
plying the  change  in  output  times  the  per  unit  value  at  that 
margin  of  change.  The  distinction  between  the  marginal  and 
average  willingness-to-pay  is  an  important  one.  The  average 
is  always  greater'than  the  marginal  value,  and  substantially 
so  if  the  output  quantity  is  large  and  the  demand  is  highly 
inelastic. 

The  net  value  change  to  society  of  a  loss  in  resource  output 
from  Qi  to  Q2  in  figure  3  is  the  area  defined  by  Q2BCQ1 
(Dohan  1977).  This  loss  equals  the  foregone  market  ex- 
penditures plus  the  consumer  surplus  lost  due  to  the  quantity 
reduction.  The  larger  the  marginal  output  change,  the  less 
accurately  the  initial  equilibrium  price  (P|)  approximates  per 
unit  willingness-to-pay  at  the  margin. 

If  the  demand  curve  is  linear,  the  per  unit  willingness-to- 
pay  value  across  the  change  margin  is  equal  to  the  average  of 
the  prefire  price  (P|)  and  the  postfire  equilibrium  price  (P2). 
This  marginal  per  unit  value  multiplied  by  the  change  in 
output  (Q1-Q2)  yields  the  net  value  of  the  resource  output 
change  which  results  from  a  given  fire  management  program 
option. 


Market  and  Demand  Curve 

The  marginal  willingness-to-pay  value  can  be  estimated 
by  the  prefire  per  unit  price  if  either  one  of  two  market- 
related  conditions  are  met:  (I)  the  fire  program-induced 
change  in  output  is  smaller  than  the  total  quantity  available 
in  the  market  served,  or  (2)  the  demand  curve  is  so  elastic 
that  the  price  change  is  negligible  {figs.  4.  5).  These  condi- 
tions involve  the  magnitude  of  the  fire  program-induced 
quantity  change  and  the  demand  elasticity. 

The  willingness-to-pay  values  are  easier  to  estimate  under 
either  of  these  two  conditions  because  observed  market 
prices  are  a  good  approximation  of  the  marginal  value  for 
those  resources  traded  in  a  reasonably  competitive  commer- 
cial market.  A  demand  function  does  not  need  to  be  con- 


itructed.  even  that  portion  of  the  demand  function  over  the 
ange  of  output  change  induced  by  the  fire. 

The  effect  of  fire  on  timber  generally  meets  the  condition 
)f  small  quantity  change.  Its  effects  on  the  quantity  of  timber 
ictually  supplied  in  a  regional  or  subregional  timber  market 
s  usually  small  and  will  lead  to  no  significant  price  effect. 
\  drop  in  quality  may  force  prices  downward,  and  therefore, 
salvaged  timber  and  green  timber  may  need  to  be  priced 
separately.  The  only  substantial  effect  on  timber  prices  may 
■esult  from  an  interaction  between  the  green  and  salvage 
;imber  markets  when  large  fires  occur. 

If  the  resource  is  not  traded  in  a  commercial  market,  the 
segment  of  the  demand  curve  over  the  margin  of  output 
:hange  must  be  derived  before  the  prefire  value  can  be  esti- 
mated. If  either  condition  concerning  marginal  change  and 
demand  elasticity  is  met,  though,  the  initial  value  can  still  be 
used  for  all  fire  program  alternatives.  Grazing  and  some 
Forms  of  recreation  meet  these  conditions. 

The  spatial  nature  of  the  market  for  water  and  some  forms 
of  recreation,  and  accompanying  high  transportation  costs, 
sometimes  lead  to  a  localized  market.  As  a  result,  the  fire- 
induced  quantity  change  may  be  large  relative  to  the  total 
quantity  in  that  market.  Large,  multiple  fires  could  also 
violate  the  condition  of  small  quantity  change  for  all  re- 
sources, including  timber,  even  if  their  markets  are  not  local- 
ized. An  exceptionally  large  fire,  for  example,  may  place  so 
much  salvaged  timber  on  the  market  that  green  timber  prices 
are  depressed  for  a  short  period. 

If  the  output  change  is  large  and  demand  is  highly  in- 
elastic, such  as  the  hypothetical  curve  in  figure  3,  the  per  unit 
willingness-to-pay  value  estimate  must  include  changes  in 
consumer  surplus  between  the'  two  output  levels.  These  con- 
ditions are  most  likely  encountered  with  resources  traded  in 
small  markets  and  for  scarce  resources  where  the  output 
quantity  is  low  relative  to  the  fire  impact  on  output.  Some 
recreation  resources  fall  in  this  class;  in  some  areas,  so  does 
water. 

The  relevant  value  is  still  the  one  across  the  margin  of 
output  change  induced  by  the  fire,  however,  and  not  the 
average  willingness-to-pay  under  the  entire  demand  curve. 
The  initial  market  price  would  represent  an  underestimate  ot 
the  willingness-to-pay  across  the  output  change  margin  if  a 
fire  had  reduced  resource  outputs.  Conversely,  it  would  be  an 
overestimate  if  a  fire  had  increased  outputs.  Even  in  this 
case,  however,  willingness-to-pay  can  be  estimated  from  es- 
timates of  initial  per  unit  value  and  demand  elasticity.  An 
entire  demand  function  is  not  needed,  or  even  a  portion  of  the 
demand  function,  if  a  prefire  value  estimate  is  available. 
In  summary,  under  certain  conditions,  it  is  not  necessary 
to  construct  an  entire  demand  curve  in  order  to  estimate  the 
marginal  willingness-to-pay  values.  Under  other  conditions, 
an  initial  or  prefire  value  in  conjunction  with  an  estimate  of 
demand  elasticity  is  sufficient  information  from  which  the 
appropriate  marginal  willingness-to-pay  can  be  derived.  The 
portion  of  the  demand  curve  over  the  relevant  segment  of 
resource  output  can  be  provided  from  that  initial  data.  Con- 
struction of  the  entire  demand  function  is  seldom  necessary. 
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Figure  4 — An  inelastic  demand  and  small  quantity  change  lead  to  a 
small  change  in  price. 
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Figure  5 — An  elastic  demand  and  a  large  quantity  change  lead  to  a 
small  change  in  price. 


ESTIMATING  VALUES  FOR  FIRE 
ANALYSES 

Given  this  theoretical  basis,  a  practical  approach  to  value 
estimation  for  fire  management  analyses  must  be  establish- 
ed. Historical  market  information  is  readily  available  for 
timber  and  improvements.  If  it  is  assumed  that  the  timber 
market  is  relatively  competitive  and  the  timber  loss  does  not 
significantly  affect  price,  actual  market  prices  can  be  used  as 
an  approximation  of  the  per  unit  willingness-to-pay  across 
the  change  margin.  Market  price  or  the  cost  of  recon- 
struction and  repair  can  serve  as  a  substitute  for  the  value  loss 
of  improvements.  Value  estimates  for  the  timber  and  im- 
provement resources  can  therefore  be  drawn  directly  from 
historical  records  of  transactions. 

We  know  of  only  a  few  studies  that  provide  value  estimates 
for  resources,  such  as  water  and  recreation,  which  are  not 
traded  in  commercial  markets  or  traded  under  imperfect 


market  conditions.  The  value  model  specifications  in  those 
studies  were  not  uniform  and  the  resulting  value  estimates  are 
highly  variable.  The  site-specific  nature  of  most  past  value 
studies  makes  extrapolation  to  other  locations  difficult.  Be- 
cause resource  valuation  studies  are  often  very  costly  to 
undertake,  however,  and  because  there  is  controversy  about 
the  form  and  soundness  of  the  measurement  techniques 
(Bowes  and  Dwyer  1980,  Johnson  1980,  King  and  Davis 
1980),  past  studies  should  be  used  as  much  as  possible. 

The  resource  value  estimates  from  past  resource  value 
study  results  were  incorporated  into  the  values  used  by  the 
Forest  Service  in  the  development  of  the  Resources  Planning 
Act  (RPA)  program  (U.S.  Dep.  Agric,  Forest  Serv.  1980). 
The  RPA  values  are  average  willingness-to-pay  estimates 
derived  by  adjusting  the  results  of  past  studies  to  a  common 
base. 


The  RPA  values,  expressed  in  first-quarter- 1978  dollars, 
contain  most  of  the  resource  categories  required  in  regional- 
level  fire  management  analysis  {table  1).  They  do  not  include 
separate  prices  for  salvaged  timber  or  for  timber  species 
strata  beyond  the  hardwood- softwood  division.  Nor  do  they 
include  the  prices  for  improvements  which  may  be  lost  as  a 
result  of  fire.  These  added  categories  were  not  required  for 
the  national-level  evaluation  of  RPA  program  alternatives. 

The  RPA  value  estimates  evolved  through  several  steps  of 
refinement  before  their  final  use  in  the  national-level  pro- 
gram development  exercise.  They  have  also  been  refined 
since  that  time  to  provide  guidance  for  the  land  management 
planning  process  underway  on  individual  National  forests 
{table  2).  It  is  likely  they  will  be  refined  in  the  future. 

While  we  readily  agree  that  currently  available  resource 
value  estimates  pose  problems,  significant  research  on  their 


Table  2 — Resources  Planning  Act  values,  in  dollars  per  unit  as  of  first  quarter  1978,  by  resource  element  and  region^ 


Element  and  output 

Output 

Forest  Service  Administrative  Reg 

on 

description^ 

measure^ 

1 

2 

3 

4 

5 

6 

8 

9 

10 

Dollars 

Timber 

Timber  hardwood  sawtimber 

MBF 

1.13 

1.64 

6.32 

2.80 

17.15 

22.54 

37.51 

49.18 

1.01 

Timber  softwood  sawtimber 

MBF 

78.51 

34.25 

76.46 

48.69 

127.66 

173.23 

118.15 

38.17 

32.72 

Timber  hardwood  roundwood 

MCF 

— 

45.13 

49.09 

10.73 

52.56 

101.30 

21.82 

32.51 

5.56 

Timber  softwood  roundwood 

MCF 

31.57 

13.83 

33.90 

58.02 

40.10 

208.78 

115.69 

87.62 

3.67 

Water 

Water  yield 

AF 

7.50 

5.00 

5.00 

5.00 

2.60 

1.50 

1,50 

1.00 

0.50 

Net  sediment  reduction  (avg.) 

AF 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

Recreation 

Dev.  recreation  use — public 

RVD 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

Dev.  recreation  use — private 

RVD 

3.00 

3.75 

3.00 

3.50 

3.50 

3.50 

2.50 

2.00 

3.00 

Dispersed  recreation  use 

RVD 

3,00 

3.00 

3.00 

3.00 

5.50 

3.00 

5.50 

5.50 

3.00 

Wilderness 

Wilderness  use 

RVD 

8.00 

8,00 

8.00 

8.00 

10.00 

8.00 

12.00 

12.00 

8.00 

Wildlife  and  Fish 

Hunting,  big  game 

RVD 

21.00 

25.20 

16.30 

17,05 

21.00 

16.80 

17.85 

17.85 

18.90 

Hunting,  waterfowl 

RVD 

24.00 

32.00 

26.40 

32.00 

28.00 

20.80 

23.20 

24.00 

19.20 

Hunting,  small  game 

RVD 

24.00 

32.00 

24.00 

22.40 

27.20 

24.80 

20,80 

24.00 

32.00 

Hunting,  upland  birds 

RVD 

24.00 

32.00 

24.80 

21.60 

28.00 

21.60 

20.80 

21.60 

24.00 

Nature  study,  wildlife 

(nongame  use) 

RVD 

29.00 

21.75 

29.00 

29.00 

29.00 

29.00 

29.00 

29.00 

29.00 

Fishing,  cold  water 

RVD 

15.75 

15.75 

15.20 

14.70 

15.75 

14.70 

14.20 

16.80 

15.75 

Fishing,  warm  water 

RVD 

15.75 

21.00 

16.80 

21,00 

17.30 

17.85 

14.20 

16.30 

— 

Ice  fishing 

RVD 

15.75 

21.00 

21.00 

15.75 

17.85 

21.00 

— 

19.95 

21.00 

Fishing,  salt  water 

(anadromous  sport  fishing) 

MLBS 

58.50 

— 

— 

56.55 

46.80 

56.55 

— 

50.70 

40.95 

Range 

Grazing  use  (livestock) 

AUM's 

5.57 

5.88 

5.51 

4.96 

6.00 

5.90 

3.76 

4.41 

3.00 

'Source;  U.S.  Department  of  Agriculture,  Forest  Service.  Recommended  renewable  resources  program — 1980  update.  FS-346. 
Washington,  DC;  1980;  560  p.  [Appendix  C,  economic  analysis]. 

^Abbreviations  used:  AF— acre  feet,  AUM— animal  unit  months,  HW— hardwood,  MLBS— million  pounds,  RVD— recreation 
visitor-days,  RW— roundwood,  ST— sawtimber,  SW— softwood. 

Note:  These  values  are  periodically  updated.  Contact  Forest  Service,  Washington  Office  RPA  Group  for  updated  estimates. 


•efinement  should  not  be  undertaken  until  some  sensitivity 
inalysis  has  been  completed.  The  sensitivity  analysis  should 
ietermine  the  impact  that  errors  in  resource  value  estimates 
lave  on  the  selection  of  the  most  economically  efficient  fire 
management  program  level.  The  value  estimate  errors  must 
je  considered  within  the  whole  context  of  the  C  +  NVC 
;alculations  for  incremental  program  level  changes. 

Three  factors  tend  to  reduce  the  impact  of  value  estimation 
errors  for  fire  management  program  analysis.  First,  large 
;rrors  are  unimportant  for  resource  categories  that  are  not 
isually  affected  by  fire.  If  fire  seldom  damages  developed 
•ecreation  sites,  a  large  error  in  the  value  estimate  of  a 
■ecreation  visitor-day  at  developed  sites  is  not  important, 
second,  value  estimation  errors  are  not  important  if  sup- 
)ression  cost  variations  between  fire  management  program 
evels  is  larger  than  the  fluctuations  in  the  net  value  change 
)f  resource  outputs.  Suppression  cost  fluctuations  have  over- 
hadowed  net  value  change  in  resource  outputs  in  some  cases 
Schweitzer  and  others  1981).  Third,  the  C  -I-  NVC  criterion 
s  a  marginal  efficiency  criterion  by  its  nature.  It  can  be  used 

0  determine  the  efficiency  of  adding  or  subtracting  an  in- 
:rement  of  the  fire  management  program,  but  it  cannot  pro- 
'ide  an  efficiency  estimate  of  the  total  program.  The  value 
istimate  errors  tend  to  cancel  out  in  a  marginal  analysis  since 
mly  the  differences  in  C  +  NVC  from  one  program  level  to 
he  next  are  important.  If,  for  example,  the  per  unit  value  of 

1  resource  output  was  underestimated  20  percent,  the  net 
'alue  change  estimates  would  contain  similar  errors  for  ev- 
;ry  fire  management  program  level  tested.  Since  this  would 
iffect  the  C  +  NVC  of  all  the  program  levels  evaluated,  the 
lifference  between  C  +  NVC's  at  adjacent  program  levels 
vould  change  by  much  less  than  the  C  +  NVC  of  any  one 
)rogram  level.  The  presence  of  the  same  per  unit  value  in 
)oth  the  with  and  without  fire  resource  output  time  stream 
ilso  tends  to  cancel  out  resource  value  errors  in  the  same 
vay. 

Some  indications  of  the  sensitivity  of  fire  program  effi- 
;iency  can  be  drawn  from  previous  studies.  Timber  and 
mprovement  losses  contributed  by  far  the  largest  component 
)f  the  net  value  change  in  earlier  studies  (Schweitzer  and 
nhers  1981,  U.S.  Dep.  Agric,  Forest  Serv.  1981).  Substan- 
ial  errors  in  the  per  unit  value  in  other  resource  categories 
vould  not  have  materially  affected  the  NVC  calculation,  let 
ilone  the  selection  of  the  most  efficient  fire  management 
)rogram  level. 

Similar  data  accuracy  concerns  were  expressed  in  the  past 
about  timber  yield  estimates  used  in  the  evaluation  of  sil- 
vicultural  investments.  Sensitivity  analysis  conducted  by 
Mills  and  others  (1976),  however,  showed  that  the  internal 
rate  of  return  to  silvicultural  investments  analyzed  in  a  mar- 
ginal investment  format  were  quite  insensitive  to  wide  vari- 
ations in  timber  yield  estimates.  Data  accuracy  requirements 
must  always  be  evaluated  within  the  context  in  which  the  data 
will  be  used. 

We  recommend  that  for  the  economic  efficiency  analysis 
3f  fire  management  programs,  the  timber  value  estimates 
should  be  refined,  particularly  by  including  prices  for  sal- 


vaged timber,  and  estimates  for  the  replacement  cost  of  im- 
provements should  be  derived.  The  RPA  value  estimates 
should  be  used  for  the  other  resource  categories  until  they 
can  be  more  thoroughly  evaluated  with  sensitivity  analysis  in 
a  prototype  fire  economic  evaluation  model. 
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In  analyzing  fire  management  programs  for  their  economic  efficiency,  it  is  necessary  to 
assign  monetary  values  to  the  changes  in  resource  outputs  caused  by, fire.  The  derivation  of 
resource  values  is  complicated  by  imperfect  or  nonexistent  commercial  market  structures.  The 
valuation  concept  recommended  for  fire  program  analyses  is  willingness-to-pay  because  it 
permits  uniform  derivation  of  resource  values  across  all  resource  categories,  and  it  represents 
the  full  economic  value  of  the  output  to  society.  The  process  of  measuring  fire  effects  in  program 
evaluations  introduces  implications  unique  to  the  resource  valuation  process.  Sensitivity  anal- 
ysis can  help  determine  the  required  accuracy  of  resource  value  estimates  for  a  particular 
analysis. 
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DEFACE 


Mediterranean -type  ecosystems,  which  typically  have  a 
nmer  drought,  are  of  worldwide  importance.  They  are 
sent  in  North  and  South  America,  Europe,  Africa,  and 
stralia.  In  California,  the  regions  of  Mediterranean  climate 
itain  more  than  70  percent  of  the  State's  population  in  about 
percent  of  its  land  area.  The  Mediterranean  Rim  countries 
'e  high  population  concentrations  and  ancient  cultures.  The 
ith  African,  Australian,  and  Chilean  ecosystems,  though 
5  densely  populated,  have  long  histories  of  human  impact. 
Much  of  the  conceptual  development  and  organization  of 
!  Symposium  arose  from  the  great  need  to  establish  better 
chanisms  of  information  exchange  between  scientists  and 
ource  managers.  This  need  is  recognized  as  an  international 
blem.  We  therefore  envisioned  a  forum  for  the  exchange  of 
Drmation  that  would  meet  the  following  requirements: 
Provide  opportunity  for  researchers  and  practitioners  to  talk 
:o  each  other 

involve  representatives  of  many  nations  and  many  disci- 
plines, and  deal  with  many  levels  of  ecosystem  organization 
Generate  a  published  volume  of  proceedings  as  a  source  of 
jiformation  for  participants  and  others. 
;  first  two  of  these  requirements  were  met  during  the  con- 
^nces.  Publication  of  these  Proceedings  meets  the  third 
uirement. 

iome  of  the  participants  at  the  conference  described  them- 
ves  as  practitioners;  others,  in  about  equal  numbers,  as 
earchers.  These  two  groups  made  up  more  than  two-thirds 
the  participants.  Others  described  themselves  as  primarily 
icators,  students,  environmentalists,  or  members  of  the 
crested  public.  Of  the  377  or  more  registered  participants, 
)ut  10  percent  were  from  countries  other  than  the  United 
ites. 

Numerous  sponsoring  organizations,  listed  on  the  preceding 
le,  contributed  money,  time,  and  supplies  to  the  Sym- 
sium.  Also  listed  are  those  persons  who  shared  in  organizing 
1  carrying  out  the  meetings.  The  task  could  not  have  been 
;omplished  without  the  support  of  these  groups.  Not  in- 
ded  in  the  list  are  a  great  many  special  people  in  each  of  the 
)nsoring  organizations  who  also  made  important  things 
3pen.  These  workers  were  involved  all  the  way  from  the  first 
:as  for  the  Symposium  to  the  completion  of  this  publication. 
s  the  anonymous  workers  who  make  those  who  are  named 
)k  good. 

The  5-day  Symposium  was  organized  into  15  sessions,  a 
mber  which  made  necessary  two  and  even  three  concurrent 
isions  at  times.  Selected  product  displays  were  in  place 
ring  the  day  and  posters  were  presented  at  two  evening 


sessions.  As  much  as  possible,  the  sessions  were  arranged  to 
avoid  conflict  between  closely  related  subjects  in  the  same 
time  slots.  These  Proceedings,  therefore,  do  not  follow  the 
day-to-day  sequence  of  the  program,  but  are  organized  accord- 
ing to  subject  matter. 

An  examination  of  the  "Perspectives"  of  scientific  and 
management  programs  began  the  Symposium  and  also  intro- 
duces these  Proceedings.  Following  are  sections  on  "Vegeta- 
tion," "Fauna,"  "Soils,"  "Hydrology,"  and  "Fire,"  each 
drawing  the  appropriate  sessions  together.  Then  a  section  on 
"Planning"  covers  a  single  session.  The  final  paper  for  each 
session  was  prepared,  usually  by  the  coordinator,  as  a  sum- 
mary and  synthesis  of  the  papers  presented.  "Review  and 
Follow-up"  presents  remarks  made  in  a  concluding  session  by 
selected  participants,  and  also  includes  two  additional  papers. 
One  describes  the  Laguna-Morena  Demonstration  Area,  the 
subject  of  an  afternoon  field  trip.  The  second  discusses  certain 
problems  of  particular  concern  to  developing  countries.  The 
final  section  in  these  Proceedings  is  the  "Poster 
Presentations,"  which  provides  brief  summaries  of  the  dis- 
plays, arranged  in  alphabetic  order. 

To  expedite  the  publication  of  the  Proceedings,  we  asked 
each  author  to  assume  full  responsibility  for  submitting  manu- 
scripts in  photoready  format  by  the  time  the  conference  con- 
vened. The  views  expressed  in  each  paper  are  those  of  the 
author  and  not  necessarily  those  of  the  sponsoring  organi- 
zations. Trade  names  are  used  solely  for  necessary  information 
and  do  not  imply  endorsement  by  sponsoring  organizations. 

In  the  opening  session,  one  speaker  suggested  forming  a 
Mediterranean  Ecosystems  Institute  with  international  partici- 
pation. The  proposal  was  widely  discussed  and  favorably 
received  during  the  week  that  followed.  Presently,  efforts  are 
being  made  toward  the  establishment  of  an  international  steer- 
ing committee.  A  first  step  being  planned  is  the  formation  of  a 
representative  working  group  that  would  operate  within  the 
framework  of  an  existing  international  organization.  Contin- 
ued exchange  among  scientists  and  practitioners  on  an  interna- 
tional scale  through  such  a  group  is  needed  if  the  best  and  most 
appropriate  methodologies  are  to  be  applied  to  land  resource 
problems  in  all  Mediterranean  climate  ecosystems. 

Technical  Coordinators: 
C.  Eugene  Conrad 

Pacific  Southwest  Forest  and 

Range  Exp)eriment  Station 
Walter  C.  Oechel 

San  Diego  State  University 
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B  Purpose,  Expectations,  and  Challenges  of 
I  Symposium^ 


lert  Z.  Callaham'- 


On  behalf  of  the  Forest  Service,  U.S. 
partment  of  Agriculture,  and  especially  its 
aparral  Research  and  Development  Program,  I 
Icome  you  to  this  Symposium.   Let  me  tell  you 
out  its  organization  and  about  the  purposes, 
pectations,  and  challenges  of  this  Symposium 
we  see  them. 

Planning  for  this  Symposium  began  about  3 
ars  ago  at  the  Pacific  Southwest  Forest  and 
nge  Experiment  Station.   The  date  for  the 
nference  was  chosen  to  coincide  with  the 
Imination  of  our  Chaparral  Research  and 
velopment  Program.   This  R&D  program,  created 

1977,  has  a  5-year  charter  terminating  this 
ar.   Our  scientists  and  their  cooperators  have 
en  actively  investigating  problems  and 
thering  and  disseminating  information  on  all 
pects  of  the  chaparral  ecosystem.   In  a  sense, 
is  Symposium  is  a  high  point  of  the  Program. 

Cosponsoring  the  Symposium  with  the  Forest 
rvice  is  the  Systems  Ecology  Research  Group  at 
n  Diego  State  University.   Its  members  too 
ve  been  actively  studying  Mediterranean-type 
osystems.   Therefore,  this  conference  was 
anned  not  only  to  sum  up  what  has  been 
complished  through  our  R&D  program,  but  also 
present  what  has  been  accomplished  by  other 
aparral  scientists  and  managers  around  the 
rid. 

Almost  immediately,  other  individuals  and 
ganizations  became  involved  in  planning  and 
nancing  the  Symposium.   Financial  support  has 
en  provided  by  the  U.  S.  National  Science 
undation,  the  U.  S.  Department  of  Energy,  the 
lifornia  Department  of  Forestry,  San  Diego 
ate  University,  and  the  Forest  Service.   The 
n  and  the  Biosphere  Program  (MAB) ,  at  both  the 
ternational  level  of  the  United  Nations 
onomic.  Social,  and  Cultural  Organization 
NESCO)  in  Paris  and  the  U.S.  National  Program, 
Iped  by  financing  participation  by  scientists 


1  Presented  at  the  Symposium  on  Dynamics 
d  Management  of  Mediterranean-Type  Ecosystems, 
ne  22-26,  1981,  San  Dieqo,  California. 

^  Director,  Pacific  Southwest  Forest  and 
periment  Station,  Forest  Service,  U.S. 
partment  of  Agriculture,  Berkeley,  California. 


from  other  countries.   Also,  many  organizations 
in  other  countries  have  provided  funding  for 
their  representatives  to  attend  this  meeting. 
In  a  few  moments,  I  would  like  to  recognize  this 
international  participation. 

Technical  support  in  organizing  the 
Symposium  was  provided  by  many  groups  and 
individuals.   Among  the  supporters,  San  Diego 
State  University,  and  the  California  Department 
of  Forestry  deserve  particular  thanks.   A  third 
group  of  contributors  is  helping  to  carry  out 
the  week's  activities.   Notable  among  them  are 
the  Southern  California  Society  of  American 
Foresters,  the  Los  Angeles  County  Forester  and 
Fire  Warden  Department,  the  Sierra  Club,  and 
Southern  California  Edison  Company.   The 
organizers  are  most  grateful  to  all  whose 
support  has  made  this  Symposium  a  reality. 

Each  year,  the  equivalent  of  many  millions 
of  dollars  are  routinely  spent  world-wide  on 
management  of  land  and  resources  in  ecosystems 
dominated  by  a  Mediterranean-type  climate. 
Additional  millions  are  spent  world-wide  on 
research  to  improve  and  simplify  these 
management  efforts.   One  of  the  best  investments 
that  can  be  made  by  people  in  charge  of  these 
research  and  management  efforts  is  to  provide  a 
means  for  managers  and  scientists  to  exchange 
information  and  experiences. 

This  Symposium,  it  s  Proceedings,  and  the 
activities  that  will  follow  are  designed  to 
facilitate  such  an  exchange.   Here,  we  have 
brought  together  individuals  and  groups  who  do 
not  routinely  interact.   Participants  will  learn 
about  developments  in  countries  with  a  variety 
of  managerial  and  research  problems.   The 
face-to-face  contacts  made  here  should  ease  your 
jobs  and  make  your  work  more  effective.   We 
expect  that  the  funds  invested  by  the  Symposium 
organizers  and  participants  will  bring 
substantial  returns  in  the  future  as 
participants  put  into  practice  what  they  learn 
here. 

Let's  look  at  the  objectives  of  the 
Symposium.   The  primary  objective  is  to  provide 
a  mechanism  for  the  exchange  of  information 
about  Mediterranean-type  ecosystems.   Our  goal 
is  to  bring  together  managers  of  lands  and 
resources,  teachers,  scientists,  students,  and 
environmentally  concerned  laymen.   Let's  take  a 
look  at  how  well  we've  done.   Preregisistration 
indicated  we  would  have  about  270  attendees,  and 
200  are  here  this  morning. 

Please  help  me  to  estimate  the  numbers  of 
you  who  are  here  as  practitioners,  meaning  land 
and  resource  managers,  scientists,  teachers, 
students,  or  lay  persons.   How  many  would 
categorize  yourselves  as  practitioners  involved 
in  land  or  resource  management?  About  60 
percent.   How  many  are  scientists  or  primarily 
involved  with  research?  About  30  percent.   How 
many  of  you  are  primarily  teachers?   About  4 
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percent.   How  many  of  you  would  classify 
yourselves  as  students?  About  3  percent.   How 
many  would  put  themselves  in  the  category  of 
environmentally  active  or  concerned  private 
citizen?  About  3  percent. 

This  is  the  spectrum  of  people  who  have  come 
here  to  exchange  information.   Of  course,  you 
will  want  to  talk  with  people  in  your  own 
category  or  profession,  but  the  real  challenge 
of  the  Symposium,  and  my  personal  challenge,  is 
for  you  to  interact  with  people  who  are  not  like 
you.  We  want  to  encourage  scientists, 
environmentalists,  students,  and  practioners  to 
get  together.   Make  yourself  talk  to  strangers. 
The  benefits  will  be  great. 

Our  plan  is  to  make  this  Symposium  unique. 
Too  often  at  meetings  like  this,  scientists  and 
other  specialists  speak  to  each  other  and  fail 
to  communicate  with  practitioners  and  laymen. 
Too  seldom  do  practitioners  go  to  the  rostrum 
and  talk  about  their  problems  and  their 
successes.   Therefore,  this  Symposium  has  been 
designed  with  these  features: 

Plenary  sessions  where  experts  from 
countries  around  the  world  can  address 
all  of  us  to  broaden  our  horizons 

Concurrent  technical  and  practical 
sessions  where  scientists  can  discuss  the 
state-of-knowledge,  and  practitioners  can 
discuss  real  world  situations. 

The  exchange  of  information  to  take  place 
here  will  also  be  international.   The  person 
sitting  next  to  you  may  be  dealing  with  your 
management  or  research  problems,  but  in  a 
country  halfway  around  the  world.   About  38,  or 
15  percent,  of  our  registrants  are  from  other 
countries.   Let  me  introduce,  by  asking  them  to 
stand,  our  visitors  from  other  countries. 
Registration  information  tells  us  that  we  have 
participants  here  from  the  Mediterranean 
countries  of  Spain,  Portugal,  France,  Greece, 
and  Israel.   We  have  visitors  from  other 
continents  including  South  Africa,  Australia, 
and  Chile,  and  from  Mexico  and  Canada. 
Introduce  yourselves  to  these  visitors  this 
week.   Find  out  what  you  have  in  common  with 
them.   You  may  find  that  their  interests  are 
similar  to  yours. 


|1S1 
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Studying  the  Symposium  schedule,  you  will 
quickly  see  that  one  of  our  objectives  is  to 
encourage  a  multidisciplinary  exchange  of 
information.   There  are  sessions  on  hydrology, 
vegetation  management,  utilization  of  biomass, 
soils,  and  wildlife.   I  encourage  you  to  use 
this  unique  opportunity  to  catch  up  on  what  is 
happening  in  fields  other  than  your  own  in 
chaparral  management. 

Interaction  will  be  the  key  to  the  success 
of  this  Symposium.   This  should  not  be  a  short 
course  where  you  take,  but  do  not  contribute. 
Planning  for  an  exchange  of  information  among 
interest  groups,  among  nations,  and  among 
disciplines  was  the  greatest  challenge  faced  by 
the  organizers.   Carrying  out  this  exchange  of 
information  is  our  greatest  challenge  to  you  as 
participants.   Your  challenges  are  to  reach  a 
common  understanding  of  what  we  know,  and  what 
we  only  think  we  know  and  to  learn  who  has 
knowledge  or  experience  and  what  still  needs  to 
be  studied  or  developed. 

But  let  me  challenge  you  further.   I  want 
you  to  identify  what  needs  to  be  done  after  thi 
conference  in  order  to  improve  utilization  of 
available  knowledge.   From  this  conference 
should  come  suggestions  for  training  courses  to 
meet  needs  of  practitioners  in  the  field.   Your 
suggestions  might  relate  to  subject  matter  for 
continuing  education  programs.   Those  of  you  wh( 
are  educators  might  explore  how  curricula  could 
be  changed  to  benefit  future  students.   Come 
forth  with  your  suggestions  for  guidelines, 
handbooks,  manuals,  or  audio-visual  aids.   Our 
purposes  cannot  be  achieved  by  this  conference 
alone.   Please  help  us  to  make  this  a  starting 
point  for  a  series  of  on-going  activities  to 
spread  what  we  know  about  the  dynamics  and 
management  of  Mediterranean-type  ecosystems. 


In  closing,  I  encourage  you  again  to  take 
advantage  of  the  informational  resources  around 
you  this  week:   attend  the  formal  sessions,  as 
well  as  the  informal  poster  sessions  toniqht  anc 
tomorrow  night.   If  you  have  items  you  would 
like  to  display  or  literature  to  hand  out, 
tables  are  available  for  that  purpose  in  the 
hall.   If  you  need  a  place  to  carry  out 
discussions  among  small  groups,  check  with  the 
Conference  Control  Center.   We  have  reserved 
several  rooms  for  that  ouroose. 


On  behalf  of  the  Forest  Service,  I  thank  you 
for  coming.   Now  it  is  up  to  you  to  make  the 
week  worthwhile. 


ncerns  and  Costs  of  Managing 
iditerranean-Type  Ecosystems^ 

Liglas  R.  Leisz" 


It  Is  a  pleasure  for  me  to  be  here  at  this 
iposium  on  the  Dynamics  and  Management  of  Medi- 
rranean-type  Ecosystems.   I,  too,  see  it  as  a 
)per  finale  for  the  Chaparral  Research  and 
relopment  Program.   During  the  early  1970 's,  as 
>ional  Forester,  I  worked  with  Bob  Harris, who 
5  then  Director  of  the  Pacific  Southwest  Forest 
i  Range  Experiment  Station,  to  establish  the 
iparral  R&D  Program.   When  Bob  Callaham  became 
rector  of  PSW,  we  continued  our  efforts. 

We  were  especially  interested  in  seeing  the 
lablishraent  of  a  chaparral  management  demons tra- 
)n  area  where  the  tools  and  techniques  used  in 
laging  chaparral  and  related  ecosystems  could  be 
>n  and  their  effects  compared.   In  1976,  the 
;una-Morena  Demonstration  Area,  which  you  will 
ilt  on  Wednesday  afternoon,  was  established  for 
.8  purpose.   In  taking  on  the  Mediterranean-type 
)systems  of  California,  and  of  the  world,  vou 
searchers  and  managers  have  taken  on  a  true 
illenge  and  one  worthy  of  your  efforts.   Both 
i   Demonstration  Area  and  the  Chaparral  Program 
'e  increased  our  knowledge  about  managing  chap- 
:al  and  related  ecosystems.   I  am  proud  to  have 
:n  involved  in  their  establishment  and  am  proud 

be  here  as  the  Program  draws  to  a  close. 


;lTLKkANLAI,-TYPE  ECUSYSTfcMS — THEN  AND  NOW 

We  are  gathered  here  to  sliare  our  collective 
Jwledge  on  the  dynamics  and  management  of  Medi- 
rranean-type  ecosystems.   What,  then,  is  a 
literranean-type  ecosystem?   It  is  one  influ- 
:ed  by  a  >iediterranean  climate;  that  is,  it 
LSts  in  an  area  with  (1)  warm-to-hot  summers  and 
.d  winters;  (2)  a  moderate  marine  air  influence 
■oughout  the  year;  (3)  moderate  precipitation 
icentrated  during  the  winter  months,  with  sum- 
:s  that  are  very  dry;  and  (4)  extended  periods 

sunny  weather  and  few  clouds,  especially  in 
imer  (>icCutchan  1977).   By  this  aefinition, 
lost  all  of  California's  National  Forests 
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In  its  past  management  efforts,  the  Forest 
Service  has  recognized  Mediterranean  ecosystems  as 
including  brushlands,  woodlands,  grasslands,  and 
coastal  sage  scrub,  with  most  of  the  area  being 
covered  by  that  all-inclusive  term  "brushland." 
No  one  was  too  concerned  about  the  ecosystems 
existing  on  these  lands  because  (1)  the  areas  did 
not,  for  the  most  part,  produce  commercial  timber, 
and  (2)  the  areas  could  be  expected  to  burn  every 
20  to  30  years  or  so  anyway.   The  money  budgeted 
to  these  lands  came  in  the  form  of  fire  protec- 
tion— protection  mostly  for  urban  areas  down- 
stream.  Management  of  the  vegetation  was  over- 
simplified because  the  vegetation  was  seen  as 
being  very  uniform  and,  more  or  less,  worthless. 

Both  of  these  misconceptions  have  begun  to 
crumble  during  the  past  5  to  10  years.   Although 
we  still  use  the  general  terms  "brushland"  and 
"chaparral,"  we  have  begun  to  recognize  the  diver- 
sity that  actually  exists  in  these  vegetation 
types.   We  used  to  characterize  chaparral  in 
California  as  being  either  chamise  chaparral, 
desert  chaparral,  mixed  chaparral,  or  mountain 
chaparral.   Now,  we  recognize  that  chaparral  in 
southern  California  alone  should  bt   '  l . Lued  into 
some  10  to  20  types,  each  characterized  by  a 
different  species  makeup,  community  dynamics,  and 
relationship  to  fire.   Management  schemes  for 
these  various  chaparral  types  should  reflect  their 
diverse  characteristics  and  requirements. 

As  our  recognition  of  the  diversity  present  in 
our  Mediterranean  ecosystems  has  increased,  so  has 
our  recognition  of  the  potential  of  this  resource 
for  satisfying  human  needs.   We  all  know  that  the 
most  valuable  function  that  chaparral  vegetation 
serves  for  us  is  as  a  soil  stabilizer,  but  did  you 
know — 

— that  1  acre  of  chaparral  shrubs,  at  25  tons  of 
biomass/acre ,  can  produce  the  Btu  equivalent  of  73 
barrels  of  crude  oil? 

— that  the  San  Bernardino  National  Forest  recorded 
6.8  million  visitor-days  use  in  1980,  more  than 
any  other  National  Forest  in  the  United  States, 
even  though  over  70  percent  of  the  land  is  non- 
forested  ? 

— that  the  foliage  of  chaparral  shrubs  serves  to 
clean  the  air  by  removing  CO^  and  manmade  air 
pol lutants? 

— that  densif ication  of  chaparral  biomass  can 
generate  a  number  of  useful  products  such  as 
particle  board  and  fireplace  logs? 


that  California's  Mediterranean-type  ecosystems 

provide  habitat  for  over  400  bird  species? 

— that  cattle  and  goats  will  graze  on  many  chap- 
arral shrub  species? 

— that  chaparral  shrubs  can  be  used  for  silage  to 
feed  livestock? 

These  are  a  few  of  the  products  we  know  can  be 
supplied  by  chaparral  lands  and  vegetation.   There 
are  probably  others  that  we  haven't  dreamed  of 
yet.   One  of  the  most  exciting  things  about  the 
implementation  of  the  Renewable  Resource  Planning 
Act  of  1974  and  other  related  legislation  is  that 
it  provides  us  with  the  opportunity  and  direction 
to  study  and  manage  all  the  potential  resources  of 
our  National  Forests  and  not  just  traditional 
commercial  resources.   We  are  required  to  assign, 
at  least  initially,  equal  consideration  to  all 
resources. 

but  the  problem  with  managing  any  resource — 
especially  ones  owned  by  a  diverse  public — is  that 
all  demands  cannot  be  simultaneously  satisfied. 
Some  land  uses  such  as  soil  stabilization  and  air 
purification  will  be  compatible,  but  others,  such 
as  recreational  development  and  vegetation  har- 
vesting for  wood  products,  may  not  be.   Every  good 
has  a  cost,  and  included  in  that  cost  is  the  value 
of  other  products  that  must  be  foregone  if  that 
good  is  produced.   To  complicate  the  matter  fur- 
ther, public  demand  for  various  products  changes 
with  time.   It  is  our  job  as  managers  of  public 
lands  to  stay  in  touch  with  and  respond  to  these 
changing  needs,  concerns,  and  costs,  recognizing 
that  there  will  always  be  trade-offs. 


ISbLitS  AND  CONCERImS 

What  are  the  concerns  currently  being  voiced 
about  the  management  of  Mediterranean-type  eco- 
systems in  California?   Through  the  public 
involvement  process  required  by  the  Renewable 
Resources  Planning  Act  of  1974,  Region  5  planners 
have  identified  the  issues  and  concerns  that 
people  consider  important.   Some  of  these  are 

— What  role  should  the  National  Forests  play  in 
affecting  water  quality  and  the  amount  and  timing 
of  water  yield? 

— To  what  degree  should  the  Forest  Service  manage 
chaparral  vegetation  to  produce  various  goods? 

— how  should  the  Forest  Service  facilitate  the 
development  of  mineral  commodities  on  the  National 
Forests  of  California? 

— how  should  prescribed  fire  be  used  as  a  manage- 
ment tool? 

— liow  can  coordination  be  improved  between  the 
lorest  Service,  charged  witli  protecting  the 
Uational  Forests,  and  the  various  fire  services 
responsible  for  protecting  privately  owned 


structures  within  and  adjacent  to  National  Fores] 
lands  from  fire? 

— Should  seasonal  closure  continue  to  be  used  asl 
fire  prevention  tool  in  southern  California? 

— How  can  problems  caused  by  incompatible  manage-Wja 
ment  activities  between  National  Forests  lands  a| 
intermingled  or  adjacent  lands  be  resolved? 


Many  of  these  concerns  have  been  around,  in  oi 
form  or  another,  for  a  long  time.  But  all  of  th( 
have  been  intensified  by  the  increased  pressures 
of  California's — especially  southern  Califor- 
nia's— expanding  population.  Demands  for  water, 
clean  air,  recreation,  and  wood  and  fiber  produc- 
tion are  greater  than  ever  before.  As  the  populc 
tion  moves  further  into  the  wildlands,  protectioi 
of  life  and  property  becomes  an  increasingly 
difficult  task. 


MANAGEMENT  EMPHASIS 

How  do  we  deal  with  these  natural  ecosystems 
that  we  are  only  beginning  to  recognize  the  diver 
sity  and  potential  of?   How  do  we  respond  to 
varied,  conflicting,  and  ever-changing  public 
demands  while  continuing  to  protect  the  resources 
for  which  we  are  responsible?   These  are  difficul 
questions  that  must  be  answered  by  managers, 
planners,  researchers,  and  practitioners  with 
increasing  amounts  of  input  from  the  public.   The 
are  questions  that  will  he  addressed  repeatedly 
during  this  Symposium. 


Amid  this  environment  of  change,  there  are 
several  management  strategies  that  will  be  re- 
ceiving new  or  renewed  emphasis  within  the  Forest 
Service  and  in  President  Reagan's  administration 
in  general : 

1.  National,  regional,  and  local  planning 
efforts,  with  substantial  emphasis  on  public 
input,  will  continue. 

2.  The  interdisciplinary  approach  to  natural 
resource  problem  solving  will  be  encouraged. 

3.  More  interagency  coordination  and  Involve- 
ment will  be  required. 

4.  More  coordination  and  involvement  between 
various  government  levels  will  be  required. 

5.  Increasingly,  decisions  will  be  made  based 
on  sound  economic  analyses. 

6.  The  Forest  Service  and  other  government 
agencies  will  be  required  to  increase  efficiency 
while  reducing  employee  numbers. 

These  management  directions  should  be  viewed 
not  as  restrictions  but  as  opportunities  to 
streamline  our  activities  and  increase  productiv- 
ity. 


MARY  before.      The    Issues   and    concerns    Involved    In   using 

the   resources   are    becoming   increasingly   complex. 

All    the    ideas   I  have   presented    and   questions    I  There  will   be   high   costs  and   difficult    trade-offs 

re  raised   will   be   discussed    in  more   detail  by  no  matter    what  management   decisions   are  made.      In 

ler  speakers    this  week.      I   think  you  will   agree,  conclusion,    future  managers   of   Mediterranean-type 

least  by   week's   end,    that   California's  Mediter-  ecosystems   will   have  more   definitive    information 

lean-type   ecosystems   are  much  more  diverse   and  on  which    to   base    their  decisions;    the   entire 

e  valuable   than  we   have   considered    them   to   be  program   is   well   worth   your   efforts. 


Needs  and  Opportunities  in  Chaparral 
Brushlands' 


Huey  Johnson- 


Chaparral  brushlands,  a  major  part  of  North 
American  Mediterranean  Ecosystems,  represent  one 
of  the  globe's  last  unexplored  productive  land- 
scapes.  This  symposium  addresses  the  challenges 
of  a  new  frontier  of  knowledge.   For  this  reason 
I'm  honored  to  be  able  to  open  this  meeting. 

During  our  exploitative  era  we've  been  able  to 
ignore  the  chaparral  resource.   A  look  at  our 
record  shows  we've  freely  enjoyed  the  wealth  of 
our  great  productive  land,  taking  oil,  virgin 
forests,  fisheries,  and  more  and  more  resources. 
First,  we  harvested  the  accessible  resources. 
Now  we  enter  an  era  of  scarcity  and  must  respond 
to  limits  by  doing  more  than  just  harvesting. 
We  must  begin  to  manage  land  more  intelligently 
and  intensely. 


How  do  California's  more  than  30  million  acres 
of  Mediterranean-type  Ecosystems  fit  this  new 
era  of  limits?   The  need  for  fiber,  food,  energy, 
recreation,  and  esthetic  landscapes  is  obvious. 
The  Mediterranean  region  of  California 
represents  30  percent  to  50  percent  of  the  state 
and  holds  well  over  half  our  people.   These  lands 
are  not  only  underutilized  but  much  of  the 
science  of  their  management  is  still  developing. 
Yet  these  lands  are  the  focus  of  continuing  rapid 
population  growth  in  California  and  elsewhere. 

Just  managing  the  fire  environment  with  increased 
housing  and  population  is  a  serious  problem.   It 
is  costing  our  state  millions  in  unpredictable  and 
I  believe  unnecessary  expenditures  each  year. 

As  a  management  strategy  we  should  change  a  prob- 
lem intoan  asset.   Take  energy  for  instance.   The 
chaparral  ecosystem  is  known  for  its  rapid  growth 
cycle.   Initial  studies  show  that  30  tons  of 
biomass  can  be  produced  per  acre,  without 
irrigation,  in  20  or  30  years.   Instead  of  costly 
wildfires,  management  can  utilize  the  chaparral 
energy  for  both  people  and  jobs.   As  part  of  our 
20-year  plan  California  is  moving  aggressively  to 
accomplish  this. 

Similar  opportunities  that  are  currently  problems 
exist  in  other  nations.   Take  Kenya  as  an  example; 


while  it  does  not  have  a  Mediterranean-type 
climate,  there  are  important  similarities.   It 
said  to  have  the  world's  most  rapidly  growing 
population.   Yet  only  20%  of  its  lands  are 
tillable.   Its  arid  brushlands  are  essential  toU 
its  future. 


m 
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I  learned  this  recently  when  I  called  on  Mr.    M<> 
Richard  Leakey,  Kenya's  Minister  of  Resources.  Hit 


Leakey  had  traveled  the  world  seeking  insight  i 
Kenya's  brush  problem  but  found  little  help.   I^ 
California,  because  we've  been  reacting  to  a 
crisis  of  energy  consumption,  he  found  emphasis 
of  "go  home  and  plant  trees  for  oil".   Biomass 
substitutes  for  oil  are  important  here  in  the 
United  States.   Oil  is  not  Kenya's  problem  but 
immediate  cooking  fuel  is.   He  also  attempted  t 
find  support  for  research  in  the  potential  of 
managing  and  understanding  the  endemic  species 
Kenya,  many  of  which  are  fast-growing  and  have 
great  promise.   But  again,  no  one,  including 
California  was  helpful.   I'm  sure  this  problem 
could  be  repeated  in  many  areas  of  our  concern. 


Symposiums  like  this  reflect  a  state  of  the  art 
of  thinking  and  information.   This  symposium  is 
the  first  of  its  kind  that  has  been  successful 
in  drawing  both  top  managers  and  scientists,  in 
roughly  equal  numbers,  together  in  a  scientific 
setting.   There  is  another  level  of  important 
opportunities.   We  have  to  take  an  expanded  view^ 
a  visionary  approach  to  those  needs  and  the 
opportunities.   What  Leakey  found  in  his  search 
is  true  of  this  conference.   There  are  several 
omissions  to  note.   First,  the  human  dimension  Oi 
the  problem  environment  is  lacking.   Also  missin 
is  the  process  of  translating  complex  technical 
information  to  the  public  at  large.   This  symposiinr 
also  needs  emphasis  on  an  applied  systems  approai. 
The  era  of  single-purpose  research  and  decision- 
making is  behind  us.   We  can  no  longer  consider 
chaparral  without  addressing  social  and  politica 
issues  and  other  matters.   Ultimately,  it  is 
absolutely  vital  to  reach  decisionmakers  and  land 
managers,  to  present  the  visions  of  an  effective 
assault  on  the  problems  of  the  Mediterranean 
Ecosystem.   The  data  and  knowledge  you  hold  are 
tools  that  must  be  put  to  work. 


I  see  chaparral  and  the  Mediterranean  Ecosystems 
as  a  frontier.   We  all  need  to  expand  our  view 
beyond  a  narrow  focus.   A  true  ecosystem  approac 
is  needed.   In  essence  this  means  taking  a  systei 
view  with  all  the  breadth  that  implies. 

A  common  data  base  is  an  essential  major  part  of 
managing  natural  systems.   But  if  we  continue 
with  the  Mediterranean  Ecosystems  the  way  we 
have  with  other  natural  systems,  we  will  not 
succeed.   The  basic  reason  is  a  lack  of 
coordinated  approaches.   For  instance,  in  trying 
to  understand  California  soil  data,  I've  found  wi 
lack  a  comprehensive  soil  map.   Years  of  soil  dai, 
have  accumulated.   Information  has  been  gathered- 
without  a  common  standard  to  link  government  and 
other  institutions.   Without  a  standard  measure 
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shared  frame  of  reference  much  of  the  past 
L  and  resource  data  are  useless. 

reminded  of  going  through  Australia  by  train 
;  years  ago,  and  changing  trains  in  the  middle 
;he  night  where  one  rail  line  ended  and  another 
in.   Everyone  and  everything  had  to  be  unloaded 

reloaded  on  the  new  train  because  the  wheels 
I't  fit  the  new  track  system.   Some  of  our 
jurce  data  in  California  has  been  the  same. 

deration  of  individuals  and  institutions  is 
ied .   Not  only  do  we  need  engineers  and 
inicians  but  we  need  sociologists,  educators 

land  use  professionals.   The  systems  approach 
lires  informing  the  public.   Public  support 
leeded  to  successfully  compete  in  a  political 
Lronment  for  the  support  required  to  properly 
;arch,  staff  and  manage  the  opportunities  of 

Mediterranean  Ecosystems. 

3  time  we  establish  an  institute  on  the 
Lterranean  Ecosystem,  (hopefully  here  in 
Lfornia).   Ideally  such  an  institute  could  be 
;r  the  United  Nations  Environmental  Programme. 
1  an  institute  would  address  the  complex 


problems  of  research  and  management  of 
Mediterranean  Ecosystems.   It  would  consider  the 
fuel  and  fiber  potential  of  this  environment  as 
well  as  the  problems  of  urbanization  and  people 
pressures  on  the  land.   Such  an  institute  located 
in  this  state,  ideally  cooperative  with  but 
independent  of  government,  could  coordinate  and 
stimulate  understanding  and  improved  management 
of  these  lands . 

Some  may  regard  the  idea  of  an  institute  as 
unreasonable  at  this  time.   Cynical  people  say  it 
is  impossible  considering  budget  problems  today. 
But  consider  what  has  happened  with  California's 
new  20-year  plan  to  upgrade  natural  systems. 
This  is  a  time  of  broad  cutbacks  in  all  other 
departments  of  government.   Yet  last  week  we 
secured  $67  million  in  new  money  for  this  year's 
beginning  program  and  access  to  $120  million 
annually  in  the  future.   Progress  can  be  made 
when  a  project  like  investing  in  the  future  is 
sound,  when  the  benefits  are  obvious. 

We  should  do  the  same  with  an  Institute  on  the 
Mediterranean  Ecosystem.  The  time  to  start  is 
today — I  hope  with  this  symposium  . 


Applied  and  Basic  Research  in 
Mediterranean-Climate  Ecosystems' 


lii 


Harold  Mooney^ 


Of  all  of  the  world's  ecosystems  those  of 
mediterranean-climate  regions  offers  the  greatest 
management  challenge.   In  these  regions  high  hu- 
man populations  often  abut  natural  systems  which 
are  unusually  prone  to  fire  and  flood.   Rational 
management  policies  are  hindered  by  social  and 
political  constraints  as  well  as  a  lack  of  basic 
ecological  information.   It  is  this  latter  defi- 
ciency which  is  addressed  here. 

APPLIED  VERSUS  BASIC  ECOLOGICAL  RESEARCH 

At  present  the  distinction  between  applied 
and  basic  ecology  is  rather  blurred.   Although 
this  merging  of  approaches  has  accelerated  in 
recent  times  it  has  been  true  that  historically 
leaders  in  ecology  often  have  been  engaged  in 
research  which  falls  within  both  realms. 

The  Ecological  Society  of  America  has  recent- 
ly utilized  as  a  working  definition  of  applied 
ecology,  "the  study  of  ecological  systems  (organ- 
isms, populations,  communities,  ecosystems)  influ- 
enced by  human  activity".   Such  a  definition 
would  of  course  encompass  virtually  all  of  ecolo- 
gical research  since  there  are  essentially  no 
ecosystems  on  earth  which  have  not  been  influenced 
by  the  activities  of  man.   This  is  becoming  in- 
creasingly so  as  the  impact  of  man's  activities 
are  becoming  more  pervasive  and  more  global  as 
evidenced  by  the  increase  in  atmospheric  CO2  con- 
centration, the  wide-scale  dispersion  of  toxic 
compounds  such  as  radioactive  nuclides,  DDT,  and 
PCB's  and  the  large  regional  influences  of  acid 
rain. 

It  has  only  been  within  the  past  few  decades 
that  man  has  become  aware  of  the  global  nature  of 
his  impact.   Basic  ecologists  traditionally  have 
been  interested  in  unravelling  the  interrelation- 
ships of  organisms  with  their  environment  as  they 
have  been  molded  through  evolutionary  time.   Man's 
activities  were  viewed  as  disruptions  of  these 
relationships  which  resulted  in  disequilibrium 
conditions. 
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Abstract:   Man's  impact  on  ecosystems  has  become 
so  pervasive  that  there  is  now  little  distinctic 
between  basic  and  applied  ecological  research. 
Still,  the  available  research  results  are  often 
inadequate  to  translate  into  management  policy. 
The  use  of  an  international  network  of  ecosysten 
study  sites  in  which  researchers  and  managers 
collaborate  should  hasten  the  development  of 
rational  programs  to  manage  the  difficult 
mediterranean-climate  ecosystems. 


A  major  thrust  of  the  International  Biologl 
cal  Program  (IBP)  in  the  United  States  in  the  Is 
1960 's  and  early  1970 's  was  the  study  of  ecosyst 
function.  For  these  studies  a  great  effort  was 
made  to  find  study  sites  which  had  been  impactec 
little  by  human  activities.  The  finding  that 
virtually  all  ecosystems  have  been  influenced  bj 
man  to  one  degree  or  another  and  that  these  im- 
pacts are  becoming  increasingly  greater  has  beer 
a  key  factor  in  the  design  of  the  successor  to 
the  IBP,  UNESCO's  Man  and  the  Biosphere  Program 
(MAB) .  The  MAB  program  has  been  characterized  I 
the  collaborative  efforts  of  basic  and  applied 
scientists.  Specifically  the  MAB  program  attemp 
not  only  to  determine  the  structure  and  function 
ing  of  the  biosphere  but  the  changes  induced  by 
man  and  in  turn  their  effects  on  human  populatic 
MAB  is  an  international  interdisciplinary  effort 

There  have  been  other  factors  which  have  le 
to  the  convergence  in  the  realms  of  basic  and 
applied  scientists.  One  is  the  finding  that  evi 
lutionary  adjustments  can  occur  in  relatively 
short  time  spans,  as  evidenced  by  the  evolution 
pesticide-resistant  insects  (Ehrlich,  et  al. , 
1977)  and  heavy  metal  tolerant  grasses  on  mine 
tailings  (Bradshaw,  et  al. ,  1965).  Another  was 
the  realization  that  certain  factors  which  were 
disruptive  to  equilibrium  conditions,  such  as 
fire,  often  played  a  large  role  in  molding  the 
structure  and  functioning  of  these  ecosystems. 
Thus,  factors,  which  in  the  past  received  little 
attention  by  basic  ecologists,  all  of  a  sudden 
were  receiving  considerable  attention.  Also, 
there  was  the  increasing  awareness  that  catastr( 
phies  of  one  sort  or  another,  other  than  fire, 
such  as  hurricanes,  droughts,  etc.,  played  a 
large  role  in  structuring  ecosystems  (Sprugel 
and  Bormann,  1981)  and  that  an  equilibrium  eco- 
system was  more  of  an  abstraction  than  a  realit; 
There  was  also  the  realization  that  many  human 
disturbances  were  often  not  too  different  from 
those  resulting  from  natural  disruptions  (Moone; 
and  Godron,  1982).  The  differences  were  often 
more  a  matter  of  scale  and  intensity. 

Even  though  I  have  presented  a  picture  of  ;' 
general  convergence  of  the  spheres  of  activity  ( 
basic  and  applied  ecologists  I  would  like  to  no 
also  that  even  in  earlier  times  the  divergence 
was  not  great.  This  can  be  appreciated  by  the 
background  and  publications  of  some  of  the  pio- 
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ecologists  who  worked  in  the  Califomian 
erranean  vegetation. 

The  F.E.  Clements-J.E.  Weaver  Nebraska 
il  of  Ecology  produced  a  large  number  of 

generation  California  ecologists  most  of 
were  associated  with  range  and  forestry  pro- 

H.L.  Shantz  was  a  Clements  PhD  and  A.W. 
on  was  influenced  by  Clements  as  an  under- 
late  at  Nebraska.   H.H.  Biswell,  A.M.  Schultz, 
[.  Heady  were  all  students  of  Weaver.   The 
cations  of  these  scientists  often  were  both 
.  and  applied.   W.S.  Cooper  of  the  University 
nnesota,  who  was  a  product  of  the  Chicago 
1  of  Ecology  (H.C.  Cowles) ,  and  who  did  the 
ic  study  of  the  California  chaparral,  di- 
d  the  PhD  thesis  of  Joseph  Kittredge  a 
ornian  forester  who  did  both  basic  and 
ed  work  in  the  chaparral.   W.C.  Lowdermilk, 
'as  important  in  the  San  Dimas  lysimeter  de- 
was  a  student  of  Sampson. 

Thus  it  can  be  seen  that  all  of  these  eco- 
ts,  although  often  having  positions  in 
ed  schools,  received  their  training  in  basic 
igical  programs. 

.RCH  VERSUS  MANAGEMENT  OBJECTIVES 

Deriving  information  from  research  results, 
:r  basic  or  applied,  for  management  purposes 
•ally  offers  difficulties  for  a  number  of 
ins.   One,  the  technological  approaches  uti- 
1  in  research  are  often  not  appropriate  for 
;ement .   Two,  the  research  results  are  gener- 
not  gathered  to  answer  specific  management 
.ems.   Three,  research  information  on  speci- 
lites  is  often  difficult  to  transfer  to 
ler  site  without  new  research. 

As  Johnson  and  Bossort  (1980)  recently  noted 
;ers  find  the  research  approaches  of  basic 
itists  to  be  "faddish,  speculative,  and  lack- 
.n  substance;  in  other  words  not  practical". 
;  scientists  who  work  at  the  forefront  of 
•  trade  feel  that  applied  scientists  do  not 
.  themselves  of  the  latest  approaches  and 
:pts.   Managers,  as  Johnson  and  Bossort  note 
it  "use  methods  which  are  new  and  consequent- 
itentially  controversial.   This  is  a  result 
le  social  and  political  implications  of  their 
:cts".   Thus  independent  of  the  ecological 
;ions  involved  there  is  a  fundamental  differ- 
in  the  way  a  research  investigator  and  a 
;er  may  approach  the  problem.   The  manager 
i  methods  which  are  "tried  and  true"  whereas 
"esearcher  is  looking  for  new  approaches. 

Then  there  is  the  matter  of  how  research 
"ams  are  formulated.   Most  often  they  are  not 
ijied  to  answer  specific  management  questions, 
rather  questions  of  a  more  general  nature, 
ixample ,  research  on  the  impact  of  fire  on 
lent  flow  in  an  ecosystem  will  generally  not 
)mprehensive  enough  to  tell  how  intense,  how 
1,  and  when  controlled  bums  should  be  uti- 
1  and  further  how  these  variables  will  impact 


such  ecosystem  components  as  large  herbivores. 
Closer  interaction  between  managers  and  research- 
ers is  essential  to  insure  that  research  leads  to 
knowledge  which  can  be  applied  directly  in  manage- 
ment. 

Unfortunately,  management  needs  often  arise 
in  response  to  a  crisis  which  in  turn  has  arisen 
from  a  research  breakthrough.   Management  plans 
evolve  in  response  to  our  understanding  of  how 
ecosystems  operate.   New  knowledge  may  bring  the 
question  of  how  management  is  taking  into  account 
the  problem  which  the  research  has  just  uncovered, 
eg.  nutrient  loss  from  ecosystems  through  fire. 
Obviously  management  plans  cannot  involve  issues 
for  which  knowledge  is  lacking. 

Even  if  we  have  a  general  understanding  of 
the  knowledge  required  to  evolve  comprehensive 
management  plans  it  may  be  difficult  to  evolve 
specific  management  plans.   Ecology  is  a  devel- 
oping discipline  encompassing  complex  issues. 
The  data  base  is  slim  even  for  the  most  fundamen- 
tal issues.   Textbooks  in  this  area  are  often  filled 
with  "general  principles"  many  of  which  have  been 
derived  from  a  few  isolated  studies.   This  is 
hardly  the  information  base  needed  to  design  spe- 
cific management  plans.   Then  too,  there  are  re- 
search areas  which  are  just  developing  in  ecology 
from  which  specific  knowledge  is  needed  for  man- 
agement.  For  example,  as  Keeley  (1977),  Noble 
and  Slatyer  (1977),  and  Zedler  (1977)  have  shown 
so  clearly  for  mediterranean-type  ecosystems, 
knowledge  of  the  life-history  attributes  of  the 
resident  species  of  an  ecosystem  is  essential  to 
predict  the  long  term  consequences  of  a  particu- 
lar fire  management  scheme.   Yet  practical  knowl- 
edge of  the  population  biology  of  even  the  common- 
est dominant  species  of  an  ecosystem  is  often 
lacking.   The  study  of  plant  population  biology 
is  in  itself  a  relatively  new  endeavor  (Harper, 
1977).   We  have  very  little  information  of  how 
different  species  respond  in  distinctive  ways  to 
dissimilar  thermal,  moisture,  and  nutrient  regimes, 
and  yet  this  information  is  necessary  to  make 
predictions  as  to  the  outcomes  of  any  management 
scheme.  We  do  not  know  in  detail  how  water 
and  minerals  move  through  various  ecosystem  types 
and  yet  again  this  information  is  vital  to  asess- 
ing  the  impact  of  diverse  management  practices. 

Finally,  there  is  the  problem  mentioned 
above  of  extrapolation  of  the  results  from  one 
region   to  another.   One  need  only  recall  the 
lively  discussions  which  evolved  around  the  pro- 
posals to  convert  chaparral  to  grassland  in  dif- 
ferent regions  of  California.   The  success  of 
programs  on  gentle  topography  were  questioned  for 
areas  of  high  erodible  steep  terrain. 

How  can  one  approach  these  problems?   For 
one,  we  can  pool  our  efforts  and  concentrate  our 
resources.   We  are  already  doing  both  to  a  cer- 
tain extent. 


INTERNATIONAL  APPROACH  TO  THE  STUDY  OF 
MEDITERRANEAN-CLIMATE  ECOSYSTEMS 

It  would  certainly  appear  as  if  we  are  pool- 
ing our  collective  effort  in  the  study  of 
mediterranean-climate  ecosystems.   For  no  other 
ecosystem  type  is  there  such  a  high  intensity  of 
international  cooperation  in  both  applied  and 
basic  research.   Further,  it  appears  that  the 
level  of  collaboration  between  managers  and  basic 
research  workers  in  mediterranean-climate  regions 
is  unusual.   This  symposium  certainly  lends  sup- 
port to  these  assertions. 

Ecologists  from  the  various  mediterranean- 
climate  regions  met  together  for  the  first  time 
in  March,  1971  in  Valdivia,  Chile.   The  objec- 
tive of  that  conference  was  to  summarize  our 
knowledge  about  the  environment  and  biota  of 
these  regions  in  order  to  lay  the  foundation  for 
a  new  comparative  in-depth  study  of  the  structur- 
al characteristics  of  Califomian  and  Chilean 
mediterranean-climate  ecosystems  (di  Castri  and 
Mooney,  1973).   It  had  been  known  for  a  long 
time  that  mediterranean-climate  regions  all  had 
ecosystems  which  were  quite  similar  in  appearance. 
Studies  by  individuals  in  the  late  1960 's  gave 
substance  to  the  concept  that  these  areas  had 
evolutionarily  converged  to  these  similarities 
(Naveh,  196  7,  Specht,  19 6 9 a, b,  Mooney  and  Dunn, 
19  70). 

Determining  the  degree  of  convergence  be- 
tween these  regions  was  an  important  task  since 
from  it  would  be  derived  the  possibility  of  com- 
parative ecosystem  studies.   As  di  Castri  and 
Mooney  (1973)  noted,  "One  of  the  greatest  bar- 
riers to  understanding  most  ecosystems  is  the 
lack  of  repeatability.   Hypotheses  based  on  de- 
tailed studies  of  a  particular  ecosystem  cannot 
be  put   in  a  context  of  generality  because  there 
are  no  standards  of  comparison,  that  is  no  pre- 
cisely similar  ecosystems  built  up  from  differ- 
ent starting  points  in  which  to  test  the  prin- 
ciples involved.   This  question  has  major  prac- 
tical implications  for  the  management  of  natural 
resources". 

The  Chile-California  comparison,  which  was 
part  of  the  International  Biological  Program, 
indicated  that  these  ecosystem  types  were  conver- 
gent in  many  structural  (Mooney,  19  77)  and  func- 
tional attributes  (Miller,  1981).   Differences 
were  noted  between  these  regions  however  some  of 
which  had  management  implications  (Mooney,  1977). 

The  second  international  meeting  of  mediter- 
ranean-climate ecologists  took  place  at  Stanford, 
California  in  1977.   This  was  truly  an  interna- 
tional gathering  which  brought  together  basic  and 
applied  scientists  to  consider  the  dynamics  of 
ecosystems  where  fire  played  a  major  role  (Mooney 
and  Conrad,  1977).   The  proceedings  of  that  meet- 
ing made  it  clear  that  in  all  mediterranean- 
climate  regions  fire  was  a  major  consideration  in 
management  yet  the  approaches  that  were  being 
utilized  were  often  quite  different.   For  example 
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at  that  time  controlled  bums  were  being  used  e 
tensively  in  management  in  South  Africa  but  onl 
to  a  limited  extent  in  California.  The  reasons 
for  many  of  the  differences  in  management  polic 
were  historical  rather  than  because  of  anything 
fundamentally  different  about  fire  in  these  re- 
gions. 

The  complexities  of  managing  fire-prone  ec 
systems  were  highlighted  at  that  conference, 
became  clear  that  some  of  the  simplistic  views 
that  were  prevelant  relevant  to  the  use  or  excl 
sion  of  fire  in  management  needed  considerable 
revision  as  new  information  became  available. 
Intercontinental  comparisons  greatly  accelerate 
the  rate  at  which  we  were  aquiring  new  knowledg 

This  past  year  there  has  been  an  intensifi 
cation  of  efforts  to  compare  properties  of  medi 
terranean-type  ecosystems.  In  Greece,  in  August 
1980,  a  conference  focused  on  the,  "components 
of  productivity  of  mediterranean- type  ecosystem 
The  issues  discussed  ranged  from  the  basic  envi 
onmental  features  limiting  productivity  in  medit 
terranean-climate  ecosystems  to  the  effects  of 
pollutants  on  productivity.  The  possibilities 
harvesting  biomass  for  energy,  which  at  the  sam 
time  would  reduce  fire  hazards,  were  also  dis- 
cussed. At  the  Greek  conference  the  similariti 
among  mediterranean-climate  ecosystems  were  rel 
forced  further,  however  significant  differences 
again  became  apparent  such  as  the  evidently  gre 
er  importance  of  temperature  in  controlling  pla 
distributions  in  the  Mediterranean  Basin  than  i 
other  mediterranean-climate  regions. 
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In  September  of  1981  at  Stellenbosch,  Sout 
Africa  an  intensive  conference  focused  on  the  r 
of  nutrients  in  determining  the  structure  and 
function  of  mediterranean-climate  ecosystems, 
intercontinental  comparisons  were  made  at  all 
ecosystem  levels  it  was  becoming  evident  that 
South  Africa  and  Australia  differed  from  their 
northern  hemisphere  counterparts  in  a  number  of 
fundamental  ways  (Cody  and  Mooney,  1978).  It 
appeared  that  the  basis  for  this  divergence  was 
not  climate  but  rather  soil  types.  The  souther 
hemisphere  mediterranean-climate  ecosystems  are 
extremely  nutrient  deficient,  particularly  in 
phosphorus.  This  leads  to  great  differences  in 
such  ecosystem  properties  as  the  diversity  of  t 
dominants.  These  findings  give  us  the  basis  th 
of  assessing  the  importance  of  substrate  in  mol 
ing  ecosystem  structure  and  function  since  in  a 
sense  climate  is  controlled  in  an  experimental 
sense . 

The  present  conference  is  broad  in  its  the 
matic  coverage,  again  viewing  all  ecosystem  leM 
Further  it  continues  the  effort  to  forge  links 
between  scientists  and  managers.  It  does  so  by 
again  calling  upon  the  now  large  community  of 
scientists  and  managers  working  in  the  world's 
mediterranean-climate  ecosystems.  This  format 
has  obviously  been  a  highly  successful  one  sine 
there  are  already  new  international  mediterrane 
climate  conferences  in  the  planning  stage.   The 


comprehensive  conference  will  be  held  in 
,  Australia  in  1984.   This  conference  will 
voted  to  a  view  of  the  maintenance  of  spe- 
and  structural  diversity  in  mediterranean- 
te  ecosystems  and  their  resilience  to  envi- 
ntal  stress.   International  mediterranean 
n  conferences  with  more  limited  themes  will 
Id  in  Sydney,  Australia  in  August  and  in 
llle  in  November  of  this  year.   The  Sydney 
ng  organized  by  Professor  R.  Specht  and  held 
njuction  with  the  International  Botanical 
ess,  deals  with  drought  tolerance  mechanisms 
diterranean-climate  plants.   The  Marseille 
rence,  sponsored  by  NATO  and  organized  by 
ssor  P.  Quezel,  deals  with  the  characteri- 
n  of  mediterranean-climate  regions. 

OSYSTEM  APPROACH 

These  international  efforts  certainly  repre- 
a  pooling  of  our  collective  efforts.   What 

the  concentration  of  resources  in  the  study 
diterranean-climate  ecosystems?   It  is  a 
m  of  ecology  that  everything  is  connected  to 
thing  else.   Understanding  the  totality  of 

connections  is  in  essence  the  challenge  of 
stems  science.   Many  management  programs 
ve  manipulation  of  a  single  property  of  an 
stem  such  as  numbers  of  game  birds  or  large 
is,  reduction  of  fire  hazard,  enhancing 

yield,  etc.   Because  of  the  interactions 
en  ecosystem  elements  accomplishment  of  one 
cular  research  objective  may  actually  have 
se  effects  on  other  ecosystem  properties, 
xample,  reduction  in  fire  hazard  by  con- 
ed burning  may  result  in  a  decrease  in  spe- 
diversity  and  a  loss  of  nutrient  stores. 

hus  in  order  to  predict  the  consequences  of 
articular  management  program  for  a  given 
it  is  essential  to  have  some  understanding 
w  the  total  ecosystem  operates.   Unfortu- 

we  have  a  limited  understanding  of  ecosys- 
unction  in  general  and  most  certainly  for 
pecific  ecosystem.   The  argument  can  be  made 
such  an  understanding  should  be  based, 
ally  at  least,  on  detailed  studies  of  a 
e  site.   Since  the  biota  of  a  region  have 
olved,  and  further  since  each  habitat  has  to 
tain  extent  unique  environmental  properties, 
omprehensive  understanding  of  ecosystem  or- 
ation should  come  from  site-specific  studies, 
polation  to  comparable  ecosystems,  where 
es  composition  or  habitat  features  vary  to  a 
in  extent,  can  then  be  made  in  a  total  sys- 
ontext — rather  than  in  a  case  by  case  manner. 

any  new  knowledge  learned  about  a  single 
is  greatly  enhanced  by  the  knowledge  already 
red  there.   This  is  particularly  important 
:  ecosystem- level  studies  require  the 
laches  of  numerous  disciplines  and  thus  such 
es  are  likely  to  be  of  a  long-term  duration. 

The  value  of  site-specific  ecosystem  studies 
certainly  be  seen  from  the  important  ecosystem- 
.  findings  at  such  sites  as  the  Hubbard  Brook 
rshed  in  New  England.   There,  for  example. 


the  ecosystem  impact  of,  and  recovery  from,  timber 
harvesting  was  precisely  documented  (Likens,  et 
al.,  1970). 

In  mediterranean-climate  regions  there  have 
been  a  number  of  site-specific  ecosystem  studies. 
Dark  Island  heath  studies  of  Ray  Specht  and  co- 
workers (  see  literature  summary  in  Specht,  1973) 
was  the  forerunner  of  more  comprehensive  ecosys- 
tem studies  elsewhere.   In  France,  the  production 
and  nutrient  studies  at  Le  Rouquet  and  Le  Puech 
du  Juge  (Lossaint,  1973)  had  an  ecosystem  charac- 
ter.  The  latter  site  included  extensive  mani- 
pulations including  fire  and  grazing  (Trabaud, 
1973).   In  South  Africa  a  comprehensive  ecosystem 
study  is  now  underway  at  a  coastal  site  at  Pella 
and  an  interior  site  at  Jonkershoek.   The  Interna- 
tional Biological  Program  study  of  California  and 
Chile  was  centered  at  Boulder  Creek  and  Fundo 
Santa  Laura  respectively  (Thrower  and  Bradbury, 
1977).   Earlier  intensive  site  studies  in  the 
California  chaparral  were  focused  at  San  Dimas 
(Mooney  and  Parsons,  19  7  3). 

Some,  but  not  all,  of  these  studies  have  in- 
volved landscape  managers.   Hopefully,  in  the 
future  all  such  research  efforts  will  involve  not 
only  basic  and  applied  scientists  but  also  man- 
agers who  can  provide  an  input  into  an  experimen- 
tal design  which  has  meaning  in  terms  of  current 
management  practices.   At  the  research  level, 
an  obvious  need  is  for  the  development  of  methods 
of  extrapolation  from  the  site-specific  studies 
to  regions. 

CONCLUDING  REMARKS 

It  would  appear  that  our  international  net- 
work of  mediterranean-climate  ecosystem  study 
sites  offers  a  unique  framework  in  which  to  make 
rapid  advances  in  our  understanding  of  how  these 
systems  function.   Further  effort  is  needed  to 
extend  these  findings  to  determine  the  impact  of 
various  management  treatments  on  ecosystem  prop- 
erties.  In  order  to  accomplish  this  there  must 
be  a  closer  collaboration  between  basic  and 
applied  scientists  and  resource  managers. 
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iral  Characteristics  of  IVIediterranean-Type 
ystems' 

Specht" 


Abstract:   To  maintain  an  evergreen  foliage 
canopy,  the  evaporative  capacity  of  mediterranean 
ecosystems  must  be  so  balanced  that  water, 
conserved  during  the  wet  season,  is  available  for 
use  throughout  the  dry  summer  season.   Semi- 
deciduous  or  semi-succulent  foliage  may  result 
if  summer  drought  lasts  for  more  than  100  days. 
Large  increases  in  growth  potential  may  result 
from  increased  soil  water  storage;   structure 
will  change  from  shrubland,  to  woodland,  to 
open  forest.   Nutrient  deficiencies  or 
imbalances  (in  nutrient-poor  soils,  high  pH- 
calcium-rich  soils,  serpentine  soils)  will  also 
reduce  growth  potential  and  structure. 


MEDITERRANEAN  CLIMATE 

he  mediterranean  climate  is  characterised  by 
asonal  cycle  of  a  hot,  dry  summer  alternating 
a  cool  to  cold,  wet  period  throughout  the 
of  the  year.   Koppen  (192  3)  climatic  type 
•  a  warm  C  climate  with  a  mild  humid  winter 
h   at  least  one  month  below  18°C)  and  a  dry 
er  season  (s) —  is  typical  of  much  of  the 
terranean  regions.   Within  this  Cs^  climate, 
s  is  a  gradation  in  intensity  of  the  dry 
er  season  from  a  mild  summer  (Csb  climate, 
sst  month  below  22°C)  to  a  hot  summer  (Csa 
ate,  hottest  month  above  22°C) . 

he  pronounced  summer  drought, which  alternates 

a  wet  winter,  extends  from  humid/subhumid 
s  (Koppen  Cs  climates)  into  more  arid  areas, 
essful  agriculture  is  still  possible  in  the 
-arid  (BS)  climate  with  a  mean  annual 
erature  below  18°C  (Koppen  BSk  climatic  type) . 


GREEN  FOLIAGE  CANOPY 

Ithough  mediterranean  ecosystems  experience 
ng  period  of  drought  during  the  hot  summer 
on,  the  foliage  of  the  overstory  stratum 
ins  evergreen.   It  is  only  when  the  drought 
od  exceeds  100  days  that  the  foliage  canopy 
become  semi-deciduous  (Miller  in  press) . 

bservations  on  the  seasonality  of  evergreen 
stories  in  mediterranean  regions  point  to 
phenological  strategies  (Specht  and  others 
ress) . 

■  On  nutrient-rich  soils,  new  shoot  growth  is 
Lated  during  spring, thus  doubling  or  trebling 
:.eaf  Area  Index  of  the  community  during  that 
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Professor  of  Botany,  University  of  Queensland, 
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season.   Defoliation  is  initiated  when  the  drought 
period  begins  in  late  spring  and  extends  through 
summer,  returning  the  Leaf  Area  Index  to  the 
base  value  (Mooney  1981,  Mooney  and  Kummerow  1981, 
Specht  and  others  in  press).   A  small  amount  of 
shoot  growth  may  occur  during  autumn  (fall)  if 
sufficient  rain  falls  early  in  the  season.   This 
seasonal  foliage  rhythm  is  illustrated  in  figure  1. 

2.  On  nutrient-poor  soils,  new  shoot  growth  of 
the  overstory  canopy  is  not  initiated  until  the 
onset  of  the  drought  season  (late-spring  into 
summer).   Foliation  then  occurs  at  the  same  time 
as  defoliation  so  that  the  Leaf  Area  Index 
remains  relatively  constant  throughout  the  year 
(Specht  and  Rayson  1957a,  Bond  1980,  Kruger  1981, 
Specht  and  others  1981,  Specht  and  others  in 
press) .   The  phenological  rhythm  of  the  evergreen 
overstory  on  nutrient-poor  soil  is  illustrated  in 
figure  2. 

Foliage  Projective  Cover  of  Overstory 

The  dry  mediterranean  summer  imposes 
considerable  water-stress  on  evergreen  vegetation. 
It  would  appear  that  a  small,  but  continuous, 
supply  of  water  is  necessary  to  maintain  the 
evergreen  canopy  throughout  the  dry  period  (Specht 
1972a, b) .   In  the  mediterranean  climate,  water 
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Figure  1 — Seasonal  changes  in  foliation  and 
defoliation  of  evergreen  overstory  on  nutrient- 
rich  soils. 
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Figure  2 — Seasonal  changes  in  foliation  and 
defoliation  of  evergreen  overstory  on  nutrient- 
poor  soils. 


must  be  conserved  as  soil  water  during  the  wet 
period  of  the  year  for  use,  albeit  at  a  low  level, 
throughout  the  dry  summer  season.   Too  long  a 
summer  drought  period  (more  than  100  days)  will 
exhaust  the  supply  of  stored  soil  water  and  lead 
to  excessive  defoliation  (Miller  in  press) . 

To  ensure  a  balance  between  water  conservation 
and  water  utilization,  the  evaporative  capacity 
of  the  evergreen  plant  community  must  be  delicately 
balanced  with  the  annual  climatic  sequence.   For 
a  sclerophyllous  plant  community  in  the 
mediterranean  region  of  South  Australia,  the 
monthly  values  of  the  Moisture  Index  are  linearly 
related  to  available  water  by  the  following 
equation  (Specht  1972a, b):- 


Moisture  Index 


Ea/Eo  =  k  (P-R-D+Sgj^^) 


Eq.  1 


ext 


where  Ea  =  actual  evapotranspiration, 

Eo  =  class  A  pan  evaporation, 

P  =  precipitation, 

R  =  runoff 

D  =  drainage, 

extractable  soil  water  in  the 
rooting  zone  at  the  beginning  of 
the  month, 

k  =  constant  (evaporative  capacity) . 

All  values  are  measured  in  cm. 

Equation  1  holds  where  available  water  is 
limiting.   In  humid  areas  of  the  mediterranean 
climate  where  available  water  may  not  be  limiting 
during  the  wet  months  of  winter-spring,  the 
Moisture  Index  tends  to  unity:- 


Moisture  Index  =  Ea/Eo 


1.0 


Eq.  2 


For  an  evergreen  plant  community  at  Keith,  South 
Australia,  the  Moisture  Index  will  oscillate 
seasonally  about  a  mean  value  of  0. 39  on  the  water 
balance  equation  shown  in  figure  3. 

Two  major  parameters  of  the  plant  community 
act  together  to  achieve  this  water  balance: 
Foliage  Projective  Cover  (FPC) ,  the  percentage  of 
the  landscape  covered  by  foliage  capable  of 
transpiration  (Specht  1970) ;   and  the  degree  of 
sclerophylly,  as  it  affects  leaf  resistances  to 
the  evaporation  of  water  from  the  plant.   For 
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sclerophyllous  vegetation  in  southern  Australia 
where  leaf  resistances  are  essentially  similar, 
the  evaporative  capacity  (k,  the  slope  of  the 
line  in  figure  3)  of  the  evergreen  foliage 
canopy  appears  to  be  in  equilibrium  with  FPC. 


FPC  (pet.)  =  896.5  k  -  6.4 


Eq.) 


Studies  in  the  mediterranean  zones  of  South 
Australia,  South  Africa  and  southern  California 
indicate  that  values  of  FPC  of  the  overstories 
of  mature  communities  observed  in  the  field  agre 
closely  with  values  computed  by  Equations  1  to 
(table  1) . 


It  should  be  stressed  that,  in  any  particula]|||i' 
climatic  region,  FPC  of  the  mature  overstory 
is  independent  of  microclimatic  and  edaphic 
variations.   It  is  only  when  the  microhabit  of 
the  ecosystem  is  humid  enough  to  maintain  the 
Moisture  Index  at  the  maximum  value  of  1.0  for 
every  month  of  the  year  that  a  sudden  change 
in  FPC  from  an  open   to  a  closed  community 
results  (Specht  1981a) . 


itii 


iit 


SB 

Table  l--Observed  and  computed  values  of  |PE 
Foliage  Projective  Cover  of  mature  overstories 
in  mediterranean  areas  of  South  Australia  (Sped  J) 
1972a, b)  ,  South  Africa  (Specht  and  Moll  in  presi  i? 
and  California  (Specht  1981b,  Specht  and  Westmai  ^' 
field  data  Nov.  1979 


Locality 
and 
Age  after  Fire 


South  Australia 
Keith  (25  years) 
Murray  Bridge 
Belair 
Mount  Lofty 

South  Africa 

Pella  (25-30  years) 

Oudtshoorn 

Bain's  Kloof  (40+  years) 

California 

San  Dimas  (4  years) 
San  Dimas  (19  years) 


Foliage  Projective 
Cover  (pet. ) 


Observed 


Computei 


32 
37-38 
36-42 

61 


20 
24 
30 


31 

35 

38-40 

56 


22 

23 
,30 


63 
61 


64 

64 


It  would  appear  that  the  value  of  FPC  is  lit 
influenced  by  seasonal  growth  rhythms  in  ever- 
green mediterranean  ecosystems.   However,  as  shU,, 
above,  the  density  of  foliage  (Leaf  Area  Index) 
of  plant  communities  on  nutrient-rich  soils  wil 
increase  during  spring  and  possibly  autumn  ( f al 

Sclerophylly 

In  order  to  ensure  conservation  of  soil  wate 
during  the  wet  winter-spring  period  for  use  dur 
the  dry  summer  season,  the  evaporative  capacity 
of  the  plant  community  must  be  delicately 
balanced  (figure  3) .   This  is  partly  achieved  i: 


k 


Ea/E  o  =   1.0 


0  20  40 

Available      Water    (cm) 

re  3 — Relationship  of  monthly  values  of 
ture  Index  (Ea/Eo)  to  available  water 
-D+Sgxt'  ^^   '^^'    ^t  Keith,  South  Australia. 
3nal  oscillations  observed  in  heathland 
iation  are  shown. 


re  by  a  sensitive  adjustment  of  FPC  to  an 

Librium  value  for  the  area,  but  is  complemented 

1  increase  in  leaf  resistances  to  the 

nent  of  water  vapour  from  the  leaf.   Various 

rophyllous  attributes  —  in  particular  thick 

:les  and  sunken  stomata  - — are  essential.   A 

Ly  reflective  broad  leaf  capable  of 

Lpating  a  reasonable  percentage  of  the 

ning  solar  radiation  may  also  be  necessary 

=s  1981) . 

ssociated  with  sclerophyllous  attributes 
^rned  with  reducing  water-loss,  the  cells  of 
Leaf  must  be  able  to  withstand  considerable 
r  stress  during  the  dry  summer  season.   All 
jreen  mediterranean  species  possess 
;cation- tolerant  leaves,  the  shallow- rooted 
Les  often  showing  amazing  powers  of  revival 
r  drought  (Gaff  and  Churchill  1976,  Gaff  and 
rs  1976).   Nevertheless,  there  is  a  limit  to 
Length  of  the  period  of  water-stress  from 
"1  the  sclerophyllous  cells  are  capable  of 
/al ;   after  about  100  days,  death  and 
Liation  may  result  (Miller  in  press) . 


Rayson  (1957b) .   Many  of  the  long-lived,  over- 
story  species  possess  special  woody  underground 
organs  termed  lignotuber  (Aust.),  rootstock  burl 

(Cal.),  souche  (Fr. ) ,  etc.   Following  fire  which 
razes  most  of  the  above-ground  biomass,  these 
species  regenerate  rapidly, sprouting  from  the 
woody  underground  organs.   It  would  appear  that 
these  underground  structures  act  as  storage 
organs  for  carbohydrates  and  mineral  nutrients 

(Mullette  and  Bamber  1978) ,  possibly  a  reserve 
of  water.   The  organic  and  inorganic  nutrients 
allow  rapid  regeneration  following  fire; 
metabolic  water  may  buffer  the  overstory  species 
against  desiccation  during  summer  drought. 

The  possible  role  of  woody  underground  organs 
in  drought  survival  needs  investigation.   Root- 
stock  regenerators  are  a  major  component  of  all 
mediterranean  shrublands.   However,  rootstock 
regenerators   in  heathland  vegetation  on  nutrient- 
poor  soils  in  the  mediterranean  region  of 
Australia  become  less  important  as  the  period 
of  summer  drought  increases  (figure  4,  from 
Specht  1981c,  Moll  and  others  in  press) . 


UNDERSTORY 

Compared  with  the  overstory  species,  under- 
story  species  are  mostly  shallow-rooted.   The 
understory  species  thus  experience  more  severe 
water  stress  during  the  dry  summer  season. 

Two  distinct  understories  may  be  distinguished 
in  mediterranean  ecosystems  (Specht  1969,  1973, 
Specht  and  Moll  in  press) : 

1.  On  nutrient-rich  soils— -an  herbaceous,  grassy 
ground-stratum,  typically  of  hemicryptophytes , 
geophytes  and  therophytes,  showing  seasonal 
oscillations  of  FPC  attuned  to  the  humid-arid 
cycle  of  the  mediterranean  climate. 


le  young  leaves  initiated  during  the 
ition  cycles  of  evergreen  mediterranean 
(fstems  take  some  time  to  develop  sclerophyllous 
Lbutes,  essential  for  survival.   No  water 
3S  should  be  expected  if  shoot  growth  occurs 
pring  and  autumn  (characteristic  of 
terranean  ecosystems  on  nutrient-rich  soil). 
/er,  summer  shoot  growth,  typical  of  nutrient- 
ecosystems,  can  be  disastrous  (a)  during  a 
re  drought  year  or  (b)  if  the  mesophyllous 
th  phase  is  prolonged  (say,  by  nutrient 
amination)  into  the  dry  summer  season 
:ht  1963) . 
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r'  UNDERGROUND  ORGANS 

:ie  structure  of  roots  and  root  systems  in 
-alifornia  chaparral  vegetation  has  been 
Lned  in  detail  by  Kummerow  (1981)  and  for 
nland  in  southern  Australia  by  Specht  and 


Figure  4 — Rootstock  regenerators  (expressed  as 
percentage  of  total  above-ground  biomass)  are 
linearly  related  to  Foliage  Projective  Cover 
(FPC)  of  the  overstory  of  heathland  vegetation  in 
the  mediterranean  region  of  Australia  (Specht 
1981c) . 
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2.  On  nutrient-poor  soils — an  evergreen 
understory  of  sclerophyllous  (heathland)  species 
(nanophanerophytes,  chamaephytes  and  evergreen 
hemicryptophytes;   few,  if  any,  seasonal 
hemic ryptophytes  and  therophytes) .   Compared  to 
the  deeper- rooted  overstory  species,  the 
sclerophyllous  understory  species  are  typically 
narrow-leaved  (Specht  and  others  in  press) ,  less 
reflective  (Yates  1981)  and  more  desiccation- 
tolerant  (Gaff  and  Churchill  1976) . 

Foliage  Projective  Cover  of  Understory 

It  would  appear  that  there  is  an  inverse 
interrelationship  between  the  foliage  projective 
covers  of  overstory  and  understory  strata  (Specht 
and  Morgan  1981).   A  disturbance,  such  as  fire^ 
which  is  a  common  phenomenon  in  sclerophyllous 
mediterranean  ecosystems,  is  followed  by  rapid 
regeneration.   In  a  few  years,  FPC  of  the  over- 
story attains  a  value  in  equilibrium  with  the 
ambient  climate  (see  above) ,  but  to  the  detriment 
of  the  understory  cover  (figure  5)  which  flourishes 
in  the  early  phases  of  the  pyric  succession.   An 
inverse  relationship  between  the  FPCs  of  overstory 
and  understory  with  a  45°  slope  may  be  expected. 

Any  landscape  v\hich  shows  a  gradation  of 
micro-climates  favouring  increasing  FPCs  of  the 
mature  overstory   will  show  the  same  linear 
decrease  of  understory  FPC  as  shown  in  figure  5. 


NET  PHOTOSYNTHESIS  OF  THE  FOLIAGE  CANOPY 

In  order  to  assess  the  photosynthetic  potential 
of  a  plant  community,  Fitzpatrick  and  Nix  (1970) 
suggested  rating  the  photosynthetic  capacity  of 
the  foliage  canopy  against  an  environmental 
variable  when  all  other  environmental  factors  were 
optimal.   The  relative  growth  response  of  the 
plant  community  to  the  environmental  factor  is 
termed  the  growth  index.   Five  growth  indices, 
which  may  affect  the  photosynthetic  capacity  of 
the  foliage  canopy,  have  been  recognised  (Specht 
1972a,  1981b) :- 


Foliage  Projective  Cover  (FPC) 

Light  Index  (LI) 

Thermal  Index  (TI) 

Moisture  Index  (MI) 

Soil  Fertility  Index  (SFI) 

If  these  monthly  or  weekly  indices  are 
expressed  on  a  scale  of  zero  to  unity,  their 
relative  values  may  be  multiplied  together  to 
obtain  an  index  of  the  Net  Photosynthetic  Inde 
(NPI)  of  the  foliage  canopy:- 


ijal 


NPI 


FPC  X  LI  X  TI  X  MI  X  SFI 


Eq. 


" 


The  twelve  monthly  values  of  NPI  of  evergre 
mediterranean  canopies  can  be  accumulated 
to  give  annual  values  which  will  provide  an 
estimate  of  the  maximum  annual  growth  incremen 
of  the  community  (figure  6,  from  Specht  1981d) 
These  biomass  values,  combined  with  the  estima 
of  FPC  of  both  overstory  and  understory  strata 
enable  the  structure  of  the  resultant  climax 
plant  community  to  be  predicted.   Structural 
characteristics  of  plant  communities  typical 
of  the  mediterranean  region  of  southern 
Australia  (based  on  the  two-way  classif icatory 
table  developed  by  Specht  1970,  1981e)  are 
shown  in  table  2. 

Soil  Fertility 

As  in  all  other  parts  of  the  world,  soil 
fertility  plays  an  important  role  in  determinii 
the  net  photosynthetic  capacity  of  the  foliage 
canopy  (see  Equation  4)  of  mediterranean 
ecosystems.   In  southern  Australia,  South  Afri 
and  Provence-Corsica  of  mediterranean  France, 
soils  exceedingly  low  in  plant  nutrients  are 
common.   In  California,  serpentine  soils  with 
high  Mg-low  Ca  ratio  occur  within  the 
mediterranean  region.   Around  the  Mediterraneai 
Basin,  in  southern  Australia  and  in  South  Afric 
there  are  many  soils  developed  over  limestone; 
shallow  calcareous  soils  (either  natural  or 
eroded  by  man's  activities)  are  usually  of  higl 
pH,  making  unavailable  such  elements  as  P,  Fe, 
Cu,  Co.   Some  idea  of  the  range  of  nutrient 


M  a  t  u  r  I  t  y 


60      8  0 

Overstory   FPC   (pct) 
(Upper  and  mid  strata) 


Figure  5 — Relationship  between  understory  and 
overstory  Foliage  Projective  Covers  as  a 
mediterranean  heathland  regenerates  after  fire 
(Specht  and  Morgan  1981) . 


Fig.  6--Relationship  between  maximum  Annual 
Growth  Increment  (tonnes  ha"-'^  yr"-*-)  and  Annual 
Net  Photosynthetic  Index  for  habitats  of  above 
average  "site  quality"  (after  Specht  1981d) . 
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Le  2--Structural  formulae  for  plant  communities  typical  of  the  mediterranean  region  of  southern 
tralia,  based  on  Foliage  Projective  Cover  (pet.)  and  annual  Net  Photosynthetic  Index  (NPI)  of 
foliage  canopy  of  the  overstory. 
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LI  Fertility  Index  is  shown  at  two  levels  -  0,8   (normal)  and  0.4  (reduced  due  to  mineral  deficiencies 
imbalance) . 


ructural  formulae:-  Dominant  genus:   e  =  Eucalyptus; 


Melaleuca; 


Acacia . 


Life  form:   T  =  trees  >  30  m;   M  =  trees  20  to  30  m; 


M 


trees  10  to  20  m 


FPC: 


-+  _ 


shrubs  >  8  m;   S  =  shrubs  2  to  8  m 


L  =  trees  <  10  m; 
Z  =  shrubs  <  2  m. 
3+  =  70  to  50  pet.;   3-  =  50  to  30  pet.;   2  =  30  to  10  pet. 


Liability  which  may  be  expected  is  shown 
neans  of  a  polygon  diagram  expressing  the 
Lar  nutrient  levels  in  mediterranean  vegetation 
South  Australia  and  California  (figure  7) . 


through  the  Moisture  Index  (figure  9).   Shallow 
soils,  characteristic  of  much  of  the  chaparral 
of  southern  California,  produce  a  lower  value 
of  the  Moisture  Index  (Specht  1969,  1981b). 


lese  nutrient  deficiencies  or  imbalances 
siderably  reduce  the  net  photosynthetic 
icity  of  the  foliage  canopy  (figure  8).   The 
iction  in  Soil  Fertility  Index  ultimately 
jcts  the  structure  of  the  climax  plant 
aunities  which  develop  on  these  soils.    As 
m  in  table  2  an  open-forest  community  which 
be  expected  under  a  particular  climate  may 
reduced  to  an  open-scrub  (calcareous  mallee, 
rigue,  calcareous  fynbos)  or  heathland  (fynbos, 
ais,  manzanita-Vaccinium  chaparral)  community 
lutrient-def icient  soils.   Extreme  nutrient- 
Lciency  may  lead  to  dwarfism  of  species 
:h  normally  possess  a  tree/tall  shrub  life 


L  Water  Storage  Capacity 

Stunted  plant  communities  may  also  be  found 
:limatic  areas  where  open-forest/woodland  may 
expected,  even  though  the  soil  is  reasonably 
:ile  (see  figure  7,  southern  California) . 
5  the  water  storage  capacity  of  the  soil 
sars  to  affect  the  Net  Photosynthetic  Index 


Ca 


California 


Figure  7 — Foliar  analyses  (pet.  dry  weight)  of 
representative  overstory  species  in  plant 
communities  of  diverse  nutrient  status  in  the 
mediterranean  region  of  South  Australia  and 
southern  California  (after  Specht  and  Moll 
in  press) . 

A  Savannah  woodland    D  Chaparral,  San  Dimas 
B  Mallee  open-scrub    E  Chaparral,  Flicker 
C  Heathland  Ridge 
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Soil   Fertility  Status 


Figure  8 — Relationship  of  Soil  Fertility  Index 
of  herbaceous  and  woody  perennial  vegetation  to 
soil  fertility  status  (after  Specht  1981d) . 


Within  limits,  a  deep  soil  leads  to  a  higher 
Moisture  Index  (figure  9).   The  water  supply 
may  be  supplemented  by  seepage  or  the  presence 
of  a  watertable  within  reach  of  the  roots  of 
overstory  species.   Under  these  conditions,  the 
Moisture  Index  and,  hence,  the  Net  Photosynthetic 
Index  are  increased  considerably.   A  similar 
increment  in  the  Moisture  Index  may  be  produced 
on  shady  slopes  (Specht  1972a, b). 


GIANT  MEDITERRANEAN  OPEN-FORESTS 

In  the  most  humid  zone  of  mediterranean  regions 
where  summer  drought  is  still  present  but  minimal, 
tall  open  forests  containing  the  tallest  trees  in 
the  world  (Australia  and  California)  have  develooed. 
The  Moisture  Index  is  almost  optimal  (1.0)  for 
most,  but  not  all,  months  of  the  year;   Foliage 
Projective  Cover  is  still  less  than  70  percent 
(an  open  community) .   The  photosynthetic  capacity 
of  the  foliage  canopy,  although  high,  is  still  not 
sufficient  to  explain  such  tall  communities. 

The  high  biomass  of  these  communities  may 
result  from  reduced  respiratory  loss  from  stems 
and  roots  (Specht  1981a, d).   It  appears  that 
the  living  cells  of  stems  and  roots  increase 
exponentially  with  time  during  the  regeneration 
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Figure  10--Relationship  between  exponent  c  of 
Equation  5  Mean  Annual  Temperature  (°C)  for 
plant  communities  along  the  eastern  coastline 
of  Australia  (Specht  1981a) . 


phase  of  the  plant  community.   Hence  the 

resultant  annual  increment  of  biomass  could  be 

expressed :- 

-ct 
CAGI  =  CAGIq  e  -  Eq. 

where  CAGI  =  Current  Annual  Growth  Increment 

CAGI   =  CAGI  when  respiration  of  stems  . 
o  '^ 

roots  are  almost  zero, 

t  =  age  in  years, 

e  =  base  of  natural  logarithms. 


5U 


c  =  constant  exponent. 


The  exponent  c  appears  to  be  dependent  on  tl 
mean  annual  temperature  of  the  region,  as  it 
affects  respiration  (respiratory  quotient 
Q]^Q  =  2.0  for  each  temperature  increment  of  lO' 
Relative  values  of  exponent  C  for  plant 
communities  along  the  eastern  coastline  of 
Australia  are  shown  in  figure  10.  It  will  be 
seen  that  exponent  c  is  low  in  latitudes 
where  mediterranean  climates  are  found 
(latitude  35°,  with  a  mean  annual  temperature 
about  IS'-'C)  .  With  low  values  of  exponent  c_, 
the  accumulated  values  of  CAGI  (Equation  5)  are 
much  higher  at  latitude  35°  than  at  lower 
latitudes.  In  areas  where  the  net  photosynthet 
capacity  of  the  foliage  canopy  is  high,  the 
accumulated  values  of  CAGI  reach  extremely  high 
levels. 


3.0  r 


2.0  - 


1.0  - 


<   0 


0     10     20     30 
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Figure  9 — Changes  in  Annual  Net  Photosynthetic 
Index  with  soil  water  storage  capacity  (S    )  at 
San  Dimas,  California  and  Keith,  South  Australia. 
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Dynamic  Conservation  IVIanagement  of 
Nontillable  East  IVlediterranean  Upland 
Ecosystems^ 


Z.  Naveh- 


Hbuntalnoas  uplands,   too   steep,    shallow  and/or 
rocky    for  profitable    cultivation,  make    up    large 
parts   of  the    total    area   in    all   Mediterranean    coun- 
tries,  especially   in   the   Eastern   Mediterranean   Ba- 
sin        (Table    1    ).    Whereas    adjacent,    arable    low- 
lands   are   undergoing   a   rapid  transformation   into 
more    intensive,    irrigated   agriculture,    these   non- 
tillable,    marginal    uplands    are    either    left    to 
their   fate   of  pastoral   over-exploitation    and  un- 
controlled urban-industrial   -recreational   en- 
croachment or  they   are    converted   into    closed,    mon- 
otonous  shrublands  or  dense,    chiefly  monospecies, 
pine    afforestations.      Both    are   highly   inflammable 
and  of   low  value    for   local   populations. 

There   is,    therefore,    urgent   need    for  new   ap- 
proaches   in   which   the    conservation    and   rehabili- 
tation  of   these   ecosystems    can   be    reconciled  with 
socio-economic   advancement   of   the   population. 
This   is   also   true    for   all   other  nonarable   uplands 
of   similar  nature    in   the    Mediterranean   Basin. 


ECOLOGICAL    CHARACTERISTICS 

The   greater  part   of   these    uplands    is   confined 
to    coastal    foothills    and   lower  mountain    regions 
with   a  typical  Koeppen    Cs    "olive    climate"    —   dry, 
hot   summers   with  wet,    mild  winters.      This    largely 
subhumid  zone    can  be    further   divided   into    a  drier 
xerothermo-mediterranean   subzone   merging   into   sub- 
desert,    and   into   a   slightly  wetter,    cooler,    accen- 
tuated  thermomediterranean    subzone   merging   into 
the   humid,    attenuated   thermomediterranean    zone 
(UNESCO,    1963).      Both   are   within    the    400-800   mil- 
limeter  isohyetes,    with   true    "Mediterranean    fire 
bioclimes"    in  which    acute    fire   hazards   prevail    for 
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Abstract:      East  Mediterranean   upland  ecosystem  i'*' 


latic 


are   severely  threatened  by  exponential   landscal 
degradation    and  by  the    loss   of  biological   divel 
sity   through  monospecies    afforestation    and  bruj 
encroachment.      Integrated   landscape   ecological' 
research,    planning,    management   and  education  a| 
therefore   urgently   required   to   reconcile    the  ni 
for  bio-ecological    conservation    and   restoratioj 
and   for   socio-economic   advancement.      Highest  ai 
tainable    diversity   can   be   ensured  by   the   mainti 
ance   of   the   dynamic    flow  equilibrixjin  through   o§ 
trolled  grazing,    cutting   and  burning.      FlexibLp' ^ 
multipurpose   management    for  optimization   of  en'p''' 
vlronmental  protection,    nature    conservation, 
landscape    and   recreation    amenities   plus   plant  ,  ''' 
animal   production,    should  be   based  on   ecosystei  ' 
management   and   the    creation   of  multi-layered  f( 
der,    fuel    and/or   recreation    forests. 


150-200   biological   dry   days    (Naveh,    1973).      Thi 
closest   ecological    counterparts   outside    the   Me( 
terranean   are    the   broad   sclerophyll    chaparral 
woodland   in   central   and   southern   California,    ai 
similar  bioclimatic   regions    in    central   Chile 


Tabxe    1 — Major   land  uses    in   East   Mediterranran 
countries    in    1976.       (After  Le   Houerou,    1980) . 
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According  to  the  extensive  geobotanical  des 
cription  by  Zohary  (197  3)  ,  both  subzones  belongi;, 
to  the  Eu-Mediterranean  vegetation  belt  of  Quer  t 
cetalia   calliprini   maquis    and   forests. 

Great  heterogeneity  in  macro-  and  micro-site 
conditions  and  a  long  history  of  active  human 
modification  have  induced  large  floristic,  faun 
istic,  structural  diversity  which  has  contribut 
much  to  the  attractiveness  of  these  semi-natura 
landscapes    and   their   complex,    intricate   vegetat 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Raijl 
Experiment  Station,  Forest  Service.  U.S.  Deoartment  of  Agriculture;  1982.     'I 


.cs.      These   consist  of  dynamic   regeneration- 
lidation  patterns   in   sclerophyll,    dwarf  shrub 
[lerbaceous  plant  coiranunities.      They   range,    ac- 
jtng  to   site   conditions   and  past   and  present 
use  pressures,    from  rich,    productive   open 
slands   and  woodlands   to   severely  depleted 
fshrub   and  man-made   rock   deserts,    and   from 
multi-layered  semi-open   shrxoblands   and   for- 
to  one-to-two- layered,    closed     tall   shrub 

LS. 

Dst   soils   are   shallow  and/or  rocky;    many   are 
Lly  eroded,   especially  those  which  were   ter- 
i  and   cultivated   and   later  on   neglected.      The 
Lie,    well-structured,    abundant    terra   rosa   and 
1   forest  soils    (derived   from  hard   limestone 
iolomites  of  Upper  Cretaceous   and  Tertiary 
;)    and   the    dark   rendzinas    (derived    from   soft 
stone  with  hard  calcareous   "nari"    crusts) ,    as 

as   the  heavier  basaltic  soils    (of  volcanic 
In) ,    are   conducive   to  vigorous  growth  of  her- 
>us  plants.      These   include  many  valuable   an- 

and  perennial  grasses,    annual   legumes   and 
;ifully    flowering   geophytes,    forming  produc- 
,    stable   shrub-free  grasslands   and  woodlands 
le   xerothermic  belts   and  their  arid  ecotones. 
^er,    in   the   more   humid  regions   these  pasture 
;s  occur  either  as   derived  grasslands  on   aban- 
1  fields,   terraces   and  poorly  drained  shallow 
jsols  or  as  patchy  vinderstories   of  shrublands. 

le  highly   calcareous,    pale   xerorendzinas    (de- 
J   from   soft    limestone,    chalk   and  Eocenic    rock 
>)    as   well   as   the   brown   soils    derived   from 
.tic   rock,    sandstone   and  metamorphic   rock,    are 
poorer  and  highly  erodable.      Here,   herbaceous 
:s   are  much   less   competetive    and  they  are  pre- 
.y  mostly  covered  by   low-productive   and  spe- 
■poor   "hatha"    (in  Hebrew)    and   "phrygana"    (in 
:)    dwarf shrub    communities   dominated  by   Sacro- 
rium   spinosa,    Cistus   and  aromatic  Labiatea 
.es.      Being    favored  by   frequent  burning    and 
'   grazing,    these   occupy   large    areas   in    all 
Mediterranean   countries.      Their   conversion 
more    valuable   ecosystems    should  be    considered 
if ore,    as    a  major  management    challenge. 

le  natural  potential  vegetation  of  the    cooler, 
sr   subzone    consists  of  maquis   dominated  by 
:us    calliprinos    (in   Greece   by   its  wester   vi- 
mt  Q.    coccifera)    and  other   sclerophyll,    most- 
rergreen,    phanerophytes.      Distinguished  by   du- 
)ot    systems,    spreading  both  horizontally   and 
:rating  deep   into    rock    cracks,    and  by    resprou- 
after  burning,    grazing  and  cutting,    they   also 
)nd   favorably  to  pruning  and  coppicing  of  one 

If   resprouting    from   suckers    is  prevented  by 
;ting   or  browsing,    they   soon   attain   the    sta- 
of   trees.      Thereby,    c1osq3 one-layered,    very 
prone   maqui    thickets   which   have   been   protec- 
:rom   grazing   and  human   disturbances    can   be 
irted   into   rich,    multi-layered  park-like 
IS   and   forests.      This,    apparently,   was   the   way 
id  oak   groves  were    created  near  cemeteries, 
1  have  mistakenly  been   regarded  as   remnants  of 
\ax  oak   communities".      The   differences  between 
protected  maquis   thickets,    lacking   a  herba- 


ceous  and  sub-shrub  understorey,    and  semi-open, 
disturbed  multi-layered   shrublands, in   structural, 
floristic   and   faunistic   diversity,    are   very   strik- 
ing   (Naveh   &  Whittaker,    1979).      There   seems,    there- 
fore,   to  be   very   little   justification   for  complete 
prolonged  protection   as   a   conservation  management 
policy   aiming   at   reconstructing   the    so-called    "ma- 
qui   forest   climax",    as   suggested  by  Tomaselli 
(1977) . 

On    the    contrary   —   one   of   the   oldest   existing 
Q.    ilex     "climax"    forests   in      Sardinia,   with  huge 
scattered  oak   trees  up   to   1000   years  ols,    is  main- 
taining its   open  park-like   structure   and  reproduc- 
ing  itself  under   traditional    swine    and   cattle    gra- 
zing.      Removing  pastoralists   would  only   great- 
ly  increase    fire   hazards   and  endanger   the    forest 
(Susmel    and  others,    1976). 

In    the    xerothermic   subzone,    the   natural  poten- 
tial vegetation   consists  of  thermophylous  park- 
like maquis   and  shrublands  made  up  of  the   valuable 
Carob   tree    (Ceratonia   siliqua)    and  Pistacia   lentis- 
cus.      This   evergreen    shrub,    combining   low  palata- 
bility   and  great   drought    resistance   with   vigorous 
regeneration  powers   after    fire    and   cutting,    is   one 
of   the    last    shrubs   to    survive   over   large    areas   of 
overgrazed,    depleted,   mosaic-like    shrub-grassland 
with   low-  or  non-palatable   early  maturing  annuals. 
However,    if  these  pressures   are   released,    a  strik- 
ing vegetative   recovery  of  woody  plants  occurs,    to- 
gether with   a  very   species-rich,    productive   grass 
cover.      In   such   a  xerothermic,    recovered  Pistacia 
shrubland,    on   1/10  hectare,    52   woody,    127  herbace- 
ous,   14   reptile,    7   rodent  and   31  bird  species  were 
recorded    (Naveh    &  Warburg,    1976) . 

Another  important   formation   in   drier  parts,    con- 
sists      of  decideous  oak  woodlands   —  Quercus   itha- 
burense    in    Israel   and  Q.    macrolepis    in   Turkey   — 
very  much  resembling  Q.    douglasii  woodlands   in   Cal- 
ifornia.     Here,    a  very   species-rich,    productive 
grass    and   legume   understorey   is   maintained   under 
moderate   grazing  pressures.      However,    by   over-   or 
under-grazing   species   diversity   is   reduced,    either 
to  unpalatable   weedy    forbs   or   to   tall    aggressive 
grasses   and  perennial    thistles    (Naveh    &  Whittaker, 
1979) . 


THE    DISTORTION    OF    DYNAMIC   FLOW   EQUILIBRIUM   BY 
MODERN    LAND   USES 

Mediterranean    land   use   and   its    impact   on   the 
landscape    can   be    described   as  being   cycles   of  mul- 
tivariate  anthropogenic  biofunctions ,    corresponding 
to  the  main  phases  of  changing   land  uses    (Naveh   & 
Dan,    1973) .      These   started  hundreds  of     thousands 
of  years    ago  with    the    use    of   fire   by  paleolithic 
hunter-gatherer  economies,    which  were    replaced  by 
agro-pastoral  biofunctions    lasting  until   recent 
times.       In   this    long  historical  period   a   dynamic 
flow  equilibrium  or    "homeorhesis"   was  maintained 
between    the    different   woody   and  herbaceous    strata 
by  regular  grazing,   browsing,    cutting,    coppicing 
and/or  burning  cycles.      As  explained  elsewhere   in 
detail    (Naveh,    1981)    the   thermo-dynamic  behavior 
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of   these   highly   resilient,    persistent,    metri-stable 
ecosystems   is    comparable   to   dissipative    structures 
(Prigogine,    1976).      They   are    stabilized  by   a  per- 
manent  exchange    of  energy  with   their  environment 
through   climatic-    and  man-induced   fluctuations, 
thereby  generating   conditions   of   renewal   of  higher 
entropy  production   within   new  regimes   of  order,    i. 
e., "creating  order   through    fluctuation". 

However,    in    recent  years    this   dynamic   flow  equi- 
librium has   been   more    and  more    distorted  by  expo- 
nentially growing   rural   and  urban  populations,    with 
their   increasing   demands    for   animal   and  plant   pro- 
ducts,   fuel,    edible  plants,    etc.,    the   patch-culti- 
vation  of   steep  non-terraced   slopes   after   rootgrub- 
bing  of  the   protective    shrub    canopy   and,    above    all, 
by  the    rapid  process   of   urbanization,    road   develop- 
ment,   tourism   and  mass    recreation,    v/hich    reach   even 
the   most    remote    villages.      At   the    same    time,    the 
abandonment   and  prolonged  protection   of   shr\iblands 
and  the   expansion  of  highly   inflammable   pine    for- 
ests  have    further  depleted  diversity   and   aggravated 
fire   hazards.      The    replacement   of   frequent   tradi- 
tional  pastoral    fire    cycles  by   costly    and   ineffec- 
tive  policies   of   complete    fire   protection    is   now 
causing   larger,   more    devastating  wildfires   than 
ever. 

If   these    threatening   trends   proceed   unhampered, 
only   very    few   spots   of  open   unspoiled   landscape 
will   be    retained   in    small  protected  parks   and   re- 
serves.     Surrounded  by   ugly  man-made    deserts   of 
deriliction    and   despoliation,    these   will   very   soon 
be   turned  into   overcrowded    "outdoor   recreation 
slums",    like   the    shores   of   the    Mediterranean    Sea. 


PASTURE    UPLAND   MANAGEMENT — CONSTRAINTS    AND   PROSPECTS 

Presently,    the   maior  economic  benefit   derived 
for   local  populations    is   still   through  pastoral 
utilization   of  primary  plant   production    for   cattle, 
sheep   and   goats.      However,    due    to  poor   animal   hus- 
bandry  and  grazing  management,    livestock    and  pas- 
ture  production    are   very   low   and   their   impacts    are 
disasterous.      As    goats    are   best    adapted   to   the    rug- 
ged  terrain    and   can  make   best   use   of   lignified 
woody  plants,    they  have   become    the   major   source   of 
income    from  east   Mediterranean   shrublands    (FAO, 
1965) .      Practical   ways   of  goat   husbandry    and   shrub- 
pasture    improvement — including  utilization   of 
fenced  bushranges   by    improved   Turkish   Angora  goats 
from  Texas — have   been    discussed  elswhere    in   detail 
(Naveh,    1974).      However,    there    is    little   hope    ^^or 
improvement   and   to  prevent    further   degradation 
without   strictly    controlled   grazing. 

For  such    rational  nanagement,    public      and   com- 
munal  ownership,    allowing   unrestricted  grazing    for 
everybody,    are   major   constraints.       In    the   past, 
diseases,    starvation    in   drought   years   and    fodder 
shortage    in   early  winter,    prevented  overgrazing 
during  the    spring   flush    season    and   seed   setting. 
But   now,    the    "tragedy  of   freedom   in    the    commons" 
(Hardin,    1968)    is    acting   as    run-away    feedback    for 
accelerated  pasture    depletion.      Adverse   effects  on 
livestock,    shared  by   all   herdsmen    and  now  partly 
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eliminated  by   supplemental    feeding,    detracts   ol 
a   small    fraction    from  benefits   gained  by  each 
dividual  keeping   additional    animals   on    common 
tures.      Grazing    control    can   be    achieved   only   a;   tat 
part   of   a  new   cultural,    negative    feedback   by 
comprehensive   over-all    improvement   and  developj 
of   the    Total   Mediterranean   Human   Ecosystem    (Na 
1978) .      The    rise    in    livestock    and  pasture   prod 
tivity  must  be    combined  with   a   rise    in    the    soc 
economic   status   of   the   pastoralist   and  with   thi 
elimination   of   ignorance    and   indifference    at   tl- 
communal,    regional    and  national    levels.      This 
eludes    a   change    in   the   predatory   attitudes   of 
short-sighted   exploitation    and   can   be    achieved 
not  merely  by   scientific   and   technological   mea: 
but  by   a   coordinated  effort    for  public  environ 
mental   education   on    all    levels. 
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In    this,    the 

short-  and  long-term  advantages,  both  to  the  iif 
vidual  and  the  community,  gained  from  improved^  w 
livestock  and  conservation  pasture  management,; 
should  be  clearly  demonstrated  by  dramatic  eff< 
justifying  these  improvements  and  a  complete  cl 
and  breakthrough  in  perceptions  and  habits.  Sv  ;; 
great  inputs  in  professional  skill,  human  resoi 
education^  technical  and  financial  efforts,  ai 
investments,  should  serve  not  only  the  local  1;|  ;:( 
stock  industry  but  should  constitute  an  integrci 
part   of  multiple-benefit    landscape   development j 


rehabilitation ,    as   described  below. 

In  the  intensive  farming  systems  of  Israel, 
Jewish  collective  settlements,  these  uplands  aii 
an  integral  part  of  highly  productive  beef  cattf 
and  sheep  industries,  based  on  rotational  grazd 
mostly  in  fenced,  well-managed  pastures.  Since 
1967  these  methods  have  also  been  introduced  inj 
Arab  villages  in  the  Samarian  and  Judean  Hills, j 
with  increasing  success  (Kamal,  1981).  Many-fc 
rise  in  fodder  production  and  quality  has  been 
achie.Yed,  even  in  the  most  shallow,  dry  hill  siij 
by  reseeding  with  the  annual  legume  Medicago  nc 
morpha  (hispida) ,  in  combination  with  contollec; 
deferred   grazing    (Briegeeth,    1981) 

However,    even   by   trebling    the   herbaceous   pas 
production    from   less   than    100   to  more   than    300 
grams/square   meter/year   and  obtaining   200  kilogj 
of  meat  per  hectare    through   intensive    improveme) 
•'ncluding   fertilization,    not   only  has   the    greati 
dependence   on   seasonal    and   annual   climatic    fluct 
ations   not   bean  overcome   but   it  has   even   increasi 
(Naveh,    1981).      On    the   other  hand,    the    deep-rooji 
summergreen    sclerophyll    shrubs,    capable   of   tapp ; 
moisture    surplus    from   deep    rock    layers,    can   pro:: 
green    fodder    in    the    dry   season    and   in   drought  yi 
although    their  nutrient   value    and  palatability 
too   low   to   sustain  high   economic   livestock   prods 
tion.      Therefore,    improvements  have   been   directs 
towards   brush   conversion   by   controlled  burning 
reseeding  with   perennial   grasses.      Because   of   t 
vigorous    resprouting   and   the    need   for  either   fr 
quent    reburning   or   very   expensive,    not    always   e 
ficient,    highly  undesirable,    chemical   treatmenti 
their  ecological    and  economic    feasibility   is   ve:' 
doubtful.      This    is   true    even   where    successful   e. 
establishment   of   such    reseeded   grasses   has   been 
chieved,    both   in    Israel    (Naveh,    1960)    and   in    Gr<c 
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diastasis   &  Liacos,    1980). 

le  prospects  of  grass   conversion  of   low-ferti- 
batha  and  phrygana  are  even  poorer.      As   shown 
ipanastasis    (1980) ,    only  a  low  productive  her- 
)us   cover  can  be  maintained  by   3-4  year  bum- 
;ycles.      On   the   other  hand,    the   silvo-pastoral 
sational  conversion  of  dense   maqui   thickets 
)een    carried  out   successfully  on   a  large   scale 
;rael  by  selective   thinning, coppicing,   pruning 
)revention  of   resprouting  by  controlled  goat 
.ng.      Thus,    in   the   admirable   Goren  Forest  in 
western   Galilee,   most  of  the    labor  expenses 
been   covered  by  wood  and  charcoal  production 
.n   addition,   the    carrying   capacity  has   risen 
less   than    1  goat/hectare   to  more   than    3   goats. 
.es   richness   of  the    inpenetrable    fire-prone 
.    "climax",    with    less    than    30    (woody)    species/ 
:enth  hectare,   has  been   increased  to  more   than 
.ncluding  many  highly  valuable  perennial  pas- 
grasses   and  ornamental   geophytes,    together 
the   good  landscape   and  recreation   amenities 
.ned^. 


iOCK    IN   ECONOMIC      UPLAND   FOREST   PRODUCTION 


terranean   countries,   where   the   sea  breeze   carries 
photochemical   oxidants    from  urbanized,    motorized 
coastal   regions   into   forested  slopes,    and  this 
will    increase,    without   doubt    (as    in    Israel)    from 
year  to  year. 

In   younger  pine   stands  there   is   still  much  gra- 
zable    forage  but  with   increasing  shade   and  accumu- 
lation  of  xondecomposed  needle   litter,   palata&ie 
pasture   plants    are    diminishing,    together  with   edi- 
ble plants,    flowering  geophytes   and  wildlife.      Be- 
cause   grazing   is  mostly   uncontrolled,    it    is    regar- 
ded by   foresters   as    a  menace    and  not   an    asset.      On 
the   other  hand,    local  populations,   who  have  been 
deprived  of  their  grazing   and  hunting  grounds  with- 
out gaining   any  direct  benefits   from  new   forests, 
are  mostly  hostile   and  non-cooperative.      According 
to   Morandini    (1977)    much  more   profitable,    economic, 
wood   and   fiber  production    could  be    achieved    from 
the    deeper  more    fertile    soils   in   wet   lowlands    and 
abandoned   fields,    which   are    suitable    for  mechanized 
cultivation.      By  more    rational    silvo-pastoral  man- 
agement,   described   in    detail   by   Liacos    (1980), 
many   upland  pine    forests    could  yield  both   more   wood 
and  more  pasture   and  fire  hazards  could  be   greatly 
reduced. 


I  to  now,    the   only  way  of  preventing   further 
lation  of  depleted  uplands  was  by  converting 
into   dense,    chiefly  monospecies  pine  planta- 
1.      In   addition   to  providing  labor  and  reven- 
:rom  wood   and  fiber,    these    forests  have   also 
id,    in   recent   years,    for  outdoor  recreation. 
'er,    from  recent  data  on  wood  production    (Le 
rou    ,    1980)    it  is   apparent   that   the   annual 
increment  per  hectare    in  Cyprus   is  only  0.52 
iter  and  in   Israel,    1.00.      These   also   include 
more  productive    forests  on   fertile   lowlands 
ligher  elevations,    i.e.    productivity  of   shallow 
'  slopes   is   even    lower.      Economic  benefits    are 
ler  reduced  by   loss  of  many  trees   to  wildfires 
iteadily   increasing   fire   prevention    and    fight- 
ixpenses.      The   early   rapid  development   of    such 
'  pioneer   trees    as   Pinus   halepensis   has    crea- 
■he  mistaken   impression   that  we    can    fool  nat- 
ind  establish  dense,    stable,   productive    coni- 
rorests   like   those   in  much  more    favorable 
•tions  in  Europe.      However,    even   their  present 
)roductivity    is  now   severely   threatened  by    com- 
1  impacts   of  photochemical    air  pollutants    and 
infestations.      Recent    field  and  laboratory 
.es    (Naveh    and  others,    1981)    showed   that   wide- 
id  chlorotic  mottle   and  decline    is  being   caused 
irael,    as   in   California,   by  atmospheric   ozone 
intrations   above   0.05  ppm,    followed   in  P.    hale- 
^  by   severe   infestations  of  Matsucoccus   jose- 
icales.      Most   recently,    ozone   stressed  P.    can- 
isis    trees    are    also  being   attacked   and  killed 
irk  beetles   in  the    coastal   region,   where  ozone 
-s    already   exceed  0.1  ppn.       Similar   damages    can 
cpected  in   all  other  rapidly  developing  Medi- 


ional    communication    from  E.    Josephi ,    Jewish 
>nal   Fund,    Forest   Division — and  data  on    file 
-ty  of  Agr.    Eng.  ,    Technion,    Haifa. 


ALTERNATIVE    MULTIPLE    LAND   USE    MANAGEMENT    STRATEGIES 

From  our   discussion,    it   is  obvious   that   neither 
one-sided  pastoral  nor  silvo-cultural  crop  produc- 
tion oriented  management   can  provide    satisfactory 
socio-econonic   solutions.      Non-arable   uplands   also 
fulfill  many   vital  bio-socio-ecological    functions 
for  which  no   alternative    land  is   available;    there- 
fore  their   loss   would  be    irrevocable.      They   are   not 
only   of   great   biological,    scientific,    aesthetic   and 
cultural   value,    as   the    last   refuge    for   a  wide    vari- 
ety of  plant    and   animal    species    and  ecotypes,    they 
also    serve    as   genetic    stock    for    future   evolution 
and  potential  economic   uses    for   food,    industrial, 
pharmaceutical    and  many  other  purposes.      These    func- 
tions  and  further  speciation   cannot  be  ensured  in 
botanical   gardens   and  in   the    few  small  nature   re- 
serves,   but   only   in   natural   ecosystems.      These 
should  embrace   the  whole    range   of  geological,   pedo- 
logical,    topographical   and  climatical  variety   in 
which    the    above-mentioned   dynamic    flow  equilibrium 
of   the    traditional    agro-pastoral   biofunction   and 
its   defoliation  pressures   can  be   continued.      Fur- 
ther economic  benefits   can  thereby  be   derived, 
while    at   the    same   time  these   ecosystems   can   fulfill 
their  protective   functions   as  buffering  zones, 
providing   drainage  basins    for  flood,   erosion   and 
environmental   pollution    control    for  densely   popula- 
ted,   intensively   cultivated   lowlands.      In   view  of 
the    rapidly   vanishing   open  wildlands,    these    uplands 
also  must    fulfill   vital  phychohygenic   functions    for 
outdoor  recreation  by   conserving   and  improving   their 
scenic  value   and  landscape   amenities.    An  entirely 
new  interdisciplinary   lanscape-ecological   approach 
is  therefore   required  in  which  all   these   socio-ec- 
onomic,  bio-socio-ecological    landscape    functions 
can   be   optimized  by  dynamic   conservation   management. 
In    this,    all    regulatory    functions   operating   through 
the   vegetation   canopy  as  negative  moderating   feed- 
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backs   of  reduction  of  kinetic  energy   and   abatement 
of   adverse  human   impacts,    ensuring   self-regulation 
and  dynamic   stabilization,    are    combined  with  bio- 
tic  production    functions   of  both  economic   and  non- 
economic   richness,    acting   as  positive    amplifying 
feedbacks.      For   this   purpose    all  non-arable   up- 
lands   should  be   managed   as   closely   interwoven  net- 
works of  multiple  land  use   patterns.      In   nature    re- 
serves  highest  priority   should  be    given   to    sites 
with   unique   biological,    geological    and   cultural 
value,    aiming   at  maximum  attainable   ecological, 
biological   diversity  by   careful,    flexible,    conser- 
vation management  with   different   levels   of   control- 
led  intervention,    ranging   from  complete  protection 
to   controlled  grazing,    cutting   and  burning  but 
with   strict  prevention   of   recreation  pressures    and 
other     neotechno logical   interventions.      For   such 
studies,    the   MAB  Biosphere    Reserves   are    also   most 
suitable.      In   nature   parks    and   recreation    areas 
optimization  of   landscape,    wildlife    and   recreation 
amenities   should  enable   maximum  enjoyment  with  min- 
imal  damage    to  natural   resources. 

In   the    remaining  open   uplands,    used  primarily 
for   economic  benefits,    landscape   management   and 
development    should   aim  at   optimization   of   all   bio- 
socio-ecological,    economic  benefits,    according   to 
site   potential,    plus   socio-economic   and  other   re- 
quirements   after  weighing   all   relevant   land   use, 
environmental   variables    and   their  mutual   influences. 
For  this   purpose,    cybernetic,    multidimensional   sen- 
sitivity models,    developed  by   Vester    (1976), 
are   most    suitable.      In    a   first   approximation    of 
such  models    (Naveh,    1979)    environmental  watershed 
protection,    fire   hazard   resistance,    biotic   diver- 
sity,   wildlife,    recreation   amenity,    livestock  pro- 
duction,   forestry,    plant  production   and  water 
yields    from  aquifers  were    used   as   major  variables. 
In    these,    highest  over-all  benefits  were    derived 
from   flexible,    multipurpose,    silvo-pastoral-recre- 
ational   systems,    based  on   environmental   afforesta- 
tion. 

On    the   basis  of  our  promising   introduction    tri- 
als,   we    are   now   jointly   realizing  this  with   the 
Jewish  National   Fund's   Forestry   Division,    by  plant- 
ing  a  multi-layered,    semi-natural  park-forest,    re- 
sembling  the    richest   semi-open  maquis   in   structure 
and   stability  but  being   of  much   greater   ornamental, 
recreational   and  economic  value.      Here,    the    local 
dwarf shrubs   are   being   replaced  by    fast-growing, 
soil-protecting   cover  plants    like    Rosmarin   offici- 
nalis,   a  highly  ornamental,    excellent  honey  plant, 
and  the    low-flammable    Myoporum  multiforum.      The    lo- 
cal,   low-value    sclerophylls    are   being   replaced  by 
highly  ornamental,    much   more   palatable,    productive, 
nutritious   evergreen    shrubs    such    as    Cotoneaster 
franchetti    and  Atriplex  nummularia.       In    the   most 
favorable   niches,    slower  growing  but  persistent 
and   shade- spending  ornamental    and   fodder   trees   Cer- 
tonia   siliqua  and  Pistacia   atlantica   and  promising 
Acacia   introductions    are   being  planted,    while    the 
few  oak    and  other  maqui   tree    remnants    are   being 
pruned. 


EDUCATIONAL   AND    RESEARCH    CHALLENGES 
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Such  far-reaching  programs  can  be  implemente 
only  within  comprehensive  regional  and  national 
masterplans,  based  on  landscape  ecological  dete 
minism  in  decision  making  on  land  use  prioritie 
and  management  strategies.  As  already  mentione 
these  require  changes  in  the  attitudes  of  land 
owners,  users,  planners  and  managers,  from  the 
political  level  down  to  the  grassroots  of  the  v 
lage.  Above  all,  we  need  to  educate  a  new  gene 
tion  of  interdisciplinary  land  managers  and  dev 
opers  to  replace  one-track  minded  foresters,  gr 
iers,  conservationists,  recreationists  and  econ 
mists.  This  formidable  educational  challenge  i 
closely  interwoven  with  the  research  challenge, 
rightly  visualized  in  the  MAB  program.  However 
needs  much  greater  financial  and  moral  support 
from  local  political  and  scientific  authorities 
order   to  have    any   immediate    impact. 
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There    is,    without   doubt,    a  great   dearth   of  b  *' 
ic    information   on    the    structure    and   function   of 
Mediterranean   upland  ecosystems.      But   at   this   c 
cial   stage  of  exponential  deterioration,   not  mu 
can  be    gained  from  initiating  pretentious,    expel 
ive    and,    alas,    mostly   veiry   theoretical,    far-fetjf'' 
ecosystem   studies   aimed   at   creating  the    very   fa 
ionable   not   very   realistic,    mostly   deterministi 
"ecosystem  models".      In   my  opinion,    it   is   much  ;  'i 
important   to   continue    to  enlarge    the    "classical  '^ 
down-to-earth  botanical,    zoological,    pedologica  '*' 
and   other   field   studies — if   these    can   be   better  'i 
ordinated   and   synthesized — so   that   their   result   ^' 
can  be    applicable   to  practical   ecosystem  manage:]  " 
I   envisage    three   major   areas    for  which  modem  e'  '' 
system   and   landscape   ecological    research    is   vit'  "*' 
1)    finding  efficient    "ecotechniques"    for   dynamij '' 
ecosystem  management  of   the   existing  plant    cove    1'' 
and   its    soil-plant-animal    complex;      2)    finding  |  '" 
able   plants    and  economic  methods    for  establishi'  ' ' 
and  managing   multipurpose    environmental   affores -' 
tions;      and   3)    attempting   to   transform  intangib  ; 
non-marketable    landscape    values    into  workable   pa 
meters    and   integrating   these   with   economic   land 
uses   in    cost-benefit   analyses,    computerized  dyn i ' 
planning,    optimization    and   simulation  models,    wic 
are    applicable    to   the    solution   of   these   problemi* 

I 

As  a  first  step,  these  challenges  could  best 
realized  by  pilot  research  and  demonstration  scl 


in  representative  sites  in  each  country,  with  ai 
cooperation  of  progressive  communities  and  indi' 
als. 
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Regional  Management  of  Mediterranean 
Ecosystems  in  Spain^ 

Jose  A.  Carrera,  Estanislao  de  Simon,  and  Manuel  Fisac^ 


Most  of  Spain  has  a  typical  Mediterranean 
climate.   Because  of  its  geographic  situation  and 
topography,  many  different  climate  varieties  are 
represented,  from  the  arid  in  southeastern  Spain 
to  the  Mediterranean  high  mountain  in  the  Sierra 
Mevada.   This  variety  of  climates  gives  rise  to  a 
series  of  ecosystems,  normally  much  altered  by 
human  activity,  and  very  difficult  to  restore 
because  of  their  fragility  and  climatic  character- 
istics. 

The  European  Mediterranean  climate  is  charac- 
terized by  a  very  dry  summer.   Rainfall  normally 
takes  place  in  a  few  days  but  is  very  intensive. 
Together  with  a  rough  topography,  this  causes 
torrential  watercourses.   This  is  an  aspect  which 
conditions  the  management  and  control  of  large 
areas  of  our  country. 

The  vegetation  climax  is  the  sparse  forest  or 
woodlot  with  evergreen  xerophilic  species,  of 
which  the  holly-oak  (Cfliercus  ilex)  is  the  most 
representative,  occupying  the  greatest  area.   The 
most  characteristic  coniferous  species  in  this 
region  are  Pinus  halepensis,  the  Mediterranean 
subtype  of  Pinus  nigra,  Pinus  pinaster,  and  Pinus 
sylvestris . 

In  the  temperate  and  dry  zones,  the  holly-oak 
overstory  leaves  room  for  the  wild  olive  tree 
(Ulea  europea),  represented  in  the  transition 
zones  by  the  "coscoja"  (C^uercus  coccifera) .   In 
the  driest  zones,  and  where  erosion  has  degraded 
the  soil,  the  Mediterranean  "garriga"  appears  on 
calcareous  soils,  representing  the  tropophyla 
vegetation  and  forming  a  clear  and  discontinuous 
bush.   On  siliceous  soils  the  "maquis"  appears,  a 
closed  underbush  of  rockrose  (Cistus)  with  "len- 
tiscos"  (Pistacia)  and  strawberry  trees  (Arbutus) 


1 
Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

br.  Engineers,  ICONA  (Instituto  National  para 
la  Conservaclon  de  la  haturaleza) ,  Madrid,  Spain, 
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Abstract:  Management  of  the  fragile  and  greatly 
modified  ecosystems  in  the  Spanish  Mediterranean  ^ 
climate  is  complex.   Rainfall  occurs  in  a  few 
Intensive  storms  on  rough  topography.   Climax 
vegetation  is  sparse  forest  dominated  by  evergr*  ^^ 
xerophilic  species.   The  emphases  of  the  Nation 
Institute  for  Nature  Conservation  (ICONA)  are 
forest  hydrology  restoration,  restoration  of 
forest  potential,  attainment  of  forest  structurtf 
and  protection  of  natural  spaces  with  singular 
ecological  characteristics.   This  paper  discusscff 
the  goals  of  management,  evolution  of  forest 
management,  management  problems,  scientific  infc 
mation  in  forest  management  and  restoration,  andP 
national  level  studies  on  reforestation,  hydrol- 
ogy, and  desert  control. 
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among  which    the   holly-oaks    (Quercus    ilex),    kermt  '' 
oaks    (Quercus   faginea),    and    isolated   pine    trees 
stand   out. 
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The  scarcity  of  tree  species  compatible  with 
our  climate,  and  the  differentiation  between  th^' 
existing  ones,  have  caused  numerous  "endemismos. 
Professor  Luis  Ceballos  considers  that  this  is 
to  the  isolation  of  Spain  between  the  Pyrenean 
Cordillera  and  the  Mediterranean  Sea.   Among  tht 
species  are  the  Spanish  fir  tree  (Abies  pinsapo)  « 
in  the  Penibetica  Mountains.   In  North  America, 
north  of  the  36th  parallel,  more  than  450  specie 
of  autochthonous  forest  trees  can  be  cited,  whil 
in  the  south  of  Europe  there  are  hardly  more  ths  'ft 
70.   From  fossils,  it  is  known  that  many  specleslffi 
now  living  far  from  the  Mediterranean  zone  were 
present  during  the  Tertiary  in  the  European  Merii 
ian.   This  data  should  be  useful  for  the  restore 
tion  of  degraded  ecosystems,  in  which  selection 
difficult  due  to  the  scarcity  of  autochthonous 
species.   Thus  we  could  try  to  restore  some  tree 
lost  by  accident  in  the  Mediterranean  zones.  On  W 
the  other  hand,  the  diversity  of  our  Mediterrane 
climates  allows  us  to  try  some  species  which  wei 
earlier  represented  in  the  habitat  but  later  wei 
replaced  by  other  species  of  minor  rank.   Profes 
sor  Ceballos  considers  that  there  are  three  cond 
fers  in  a  progressive  stage  to  be  borne  in  mind 
for  the  restoration  of  Mediterranean  ecosystems :|iils 
cypress  (Cupressus  sempervirens) ,  cedar  (Cedrus 
atlantica) ,  and  spruce  fir  (Abies  pinsapo) . 


GOALS  OF  MANAGEMENT 

Forest  management  is  a  dynamic  concept  as  a 
consequence  of  social,  economic,  and  political 
conditions.   The  human  being  has  alwavs  tried  to 
make  full  use  of  the  resources  available  to  him. 
While  the  resources  were  abundant  and  the  popula 
tion's  necessities  were  met,  there  was  no  clear 
commitment  to  management.   The  forest  was  consid 
ered  only  as  a  timber  producer  and  a  supplier  of 
fuel ,  which  meant  intense  deforestation  in  Spain  ; 
When  the  resources  became  scarce  and  the  needs  f  t 
forest  products  increased,  there  was  concern  abo  ii 
the  precarious  situation  of  our  forest,  and  a 
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xl  of  forest  conservation  began  in  the  middle 
le  last  century,  coinciding  with  the  creation 
le  Forest  Corps. 

/ery  ecological  system  has  an  optimum  level  of 
Le  and  permanent  vegetation  representing  the 
jgical  maximum  permitted  by  environmental 
Ltions.   In  the  Spanish  forests  the  vegetation 
IX  is  represented  by  more  or  less  closed 
its  of  coniferous  trees  in  the  high  mountain 
3  and  of  hardwoods  in  the  middle  and  low 
tains,  and  only  in  the  dry  zones  of  the  litto- 
ana  on  the  tops  does  the  bush  represent  the 
IX.   The  resulting  ecosystems  are  briefly 
ribed  according  to  land  use;  the  limitations 
lis  work,  do  not  allow  us  to  particularize  each 
3f  the  existing  ecosystems  and  their  precise 
tions. 

le  Spanish  School  of  Management  was  born  as  an 
loot  of  the  German  School  of  Tharand,  and  its 
3  was  basically  economic,  addressing  maximum 
=r  production.   However,  it  was  early  adapted 
tie  characteristics  and  problems  of  the  Medi- 
inean  forests,  first  taking  into  consideration 
r  products,  such  as  cork  and  resins,  and  from 
beginning  giving  preponderance  to  soil  protec- 

Already  in  1930  it  was  taking  into  consid- 
lon  such  indirect  benefits  as  esthetic,  scien- 
:,  health,  and  recreational  values. 
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reached  the  present  consideration  of 

as  providing  for  multiple  use,  and  the 

t  forest  management  should  direct  and 

the  optimum  indicated  of  its  natural, 

economic  functions,  through  convenient 

time  and  space  for  its  exploitation, 

,  substructure,  ana  improvement  within 

imposed  by  the  biological  requirements. 


his   direction  towards  the  optimum  implies  the 
Dwing  master  lines  of  activity: 

Forest  hydrologic  restoration  of  watersheds. 

forestation  of  areas  with  forest  potential. 

Attainment  of  a  suitable  structure  of  forest 
ds. 

Protection  of  natural  spaces  with  singular 
ogical  characteristics. 

s  a  result  of  past  actions,  there  are  at 
ent  nearly  2  million  ha  under  management,  the 
t  eating  from  1895,  most  of  them  softwood 
ies  (1,450,000  ha)  mainly  Pinus  sylvestris  and 
inaster  (each  400,000  ha)  P_.    larico  and  _P. 
pens is  (each  200,000  ha)  £.  uncinata  (100,000 
and  smaller  surfaces  with  P.  pinea,  ?_. 
ata,  P,  canariensis,  and  Abies  pectinata.   For 
wooas,  there  is  a  total  area  of  380,000  ha, 
of  these  being  Fag us  sylvatica  and  Quercus 
r  (200,000  ha).   Eucalyptus  (125,000  ha),  U_. 
r  (50,000  ha),  and  small  areas  of  other 
cus  spp.  are  included. 


Almost  half  of  the  management  work  was  con- 
cluded during  the  decade  1951-61. 

Among  the  intact  or  little  degraded  ecosystems 
is  the  holly-oak  forest  of  Quercus  ilex,  the  most 
representative  for  the  Mediterranean  zone.   It  is 
the  most  typical  tree  in  Spain  and  there  are 
approximately  550,000  ha  high  forest,  850,000  ha 
wood  lot  forest,  and  856,000  ha  of  coppice  forest. 
During  historic  periods,  this  forest  covered  the 
majority  of  our  land  area.   Its  perfect  adaptation 
makes  it  take  advantage  of  all  the  Mediterranean 
climate  characteristics,  first  of  all  keeping  the 
soil  moisture,  thanks  to  the  density  of  its  crowns 
and  the  thickness  of  the  organic  horizon  formed 
under  it.   These  permit  it  to  vegetate  perfectly 
during  the  long  dry  periods,  having  strong  resis- 
tance to  drought,  hot  weather,  and  the  dry  air  of 
the  Mediterranean  summer.   It  extends  from  sea 
level  to  2000  m  elevation,  where  it  can  be  found 
in  the  Sierra  Nevada,  although  its  optimum  is 
between  200  and  1200  m. 

In  a  more  humid  environment,  the  climatic 
vegetation  consists  of  gall  oaks  (Quercus  f aginea) 
and  cork-trees  (Quercus  suber).   The  first  can  be 
found  in  almost  all  the  provinces  in  Spain.   It  is 
perfectly  adapted  to  the  humid  Mediterranean  soil 
and  is  a  half-light  tolerant  species.   It  can 
reclaim  the  habitat  from  where  it  was  displaced 
and  usually  does  at  the  expense  of  holly-oak, 
which  acts  as  a  subclimax  species  in  the  humid 
Mediterranean  soil.   The  second  oak  species  can  be 
found  on  siliceous  soils  in  the  southeast  and 
northeast  of  the  country.   In  the  mountains,  Pinus 
sylvestris  is  extensively  represented,  and  occu- 
pies this  habitat  from  the  Pyrenean  Mountains  to 
the  Sierra  Nevada,  where  in  Cerro  del  Trevenque  it 
reaches  its  most  meridional  spontaneous  form. 

The  climax  ecosystems  of  mountain  peaks  gener- 
ally form  a  dwarf  bush  of  savins,  integrated  by 
Juniperus  sabina  humilis  and  Juniperus  communis 
nana,  accompanied  by  cushioned  bush  of  brooms 
mixed  with  fescue  grass,  which  is  graminaceous 
grass  with  stiff  leaves. 

On  sandy  ground  and  littoral  marshes,  the 
vegetation  climax  is  integrated  by  Juniperus 
phoenicea,  Retama  monosperma,  Lotus  creticus, 
Corema  album,  etc.,  adapted  to  resist  the  action 
of  dominant  winds,  which  are  very  common  in  these 
zones . 

Of  great  ecological  value  is  the  interesting 
ecosystem  in  the  National  Protected  Space  of  "El 
Sabinar,"  on  the  coast  of  Aimer ia  in  the  south- 
east of  Spain.   Its  basic  association  of  Juniperus 
and  Pistacea  is  sporadically  joined  by  Tamarix, 
and  composes,  with  its  fauna,  a  sabulous  bioceno— 
sis,  the  only  one  on  the  Andalusian  coast.   It  is 
a  relic  ecosystem,  which  once,  in  historic  times, 
occupied  all  this  coast. 

As  an  example  of  transformed  ecosvstems,  which 
have  obtained  an  ecological  balance  due  to  the 
treatment  received,  there  is  a  degenerated  form  of 
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the  holly-oak  forest,  known  as  "dehesa"  (open 
woodlot  with  pasture).   Its  main  object  is  the 
production  of  fruit  (acorn).   The  brushwood  vege- 
tation has  been  taken  away  in  order  to  obtain  a 
pastureland  and  in  this  way  a  mixed  grazing  is 
obtained  for  pigs,  cows,  and  sheep.   The  "dehesa" 
is  formed  by  gradually  reducing  the  tree  density 
and  modifying  the  crown  of  the  holly  oaks  by 
successive  prunings. 

Finally,  there  is  a  stable  ecosystem,  which  has 
not  changed  in  2000  years,  known  from  the  writings 
of  the  Greek  Strabon,  who  crossed  the  Roman  Empire 
during  the  time  of  Augustus  and  was  consequently 
contemporary  with  Jesus  Christ.   In  his  "Geo- 
graphica"  book  III,  "Iberia"  he  describes  his 
journey  from  Tarragona  to  Jativa,  and  from  there, 
he  writes:   "he  gradually  left  the  coast,  arriving 
later  at  the  so-called  "Spartarius",  a  big  field 
without  water  where  the  "esparto"  (matweed)  grows 
abundantly." 

This  "esparto"  is  used  for  the  weaving  of  cord 
and  is  exported  all  over  the  world,  but  mainly  to 
Italy.   The  "spartarius  campus"  is  a  big  plain 
extending  from  Cartagena  to  Almeria;  it  has 
remained  almost  unchanged  since  Strabon  saw  it. 

As  the  oaks  are  the  most  representative  family 
of  the  Mediterranean  forest  trees,  the  cistaceous 
are  the  most  characteristic  bushes;  their  forma- 
tions of  dense  brush  (maquis)  reach  the  height  of 
a  man  or  even  more,  and  occupy  great  areas  of  the 
country.   Examples  are  "Sierra  Morena"  (the  dark 
mountain),  the  name  of  which  alludes  to  the  dark 
green  rockroses  (jara)  when  they  are  seen  in  the 
distance;  and  the  Montes  de  Toledo,  Extremadura 
and  Baja  Andalucia,  forming  a  stable  ecosystem  in 
regression,  where  the  "Quercus  coccifera"  is 
present,  not  reaching  tree  size,  and  over  which 
old  individuals  of  holly-oak  and  cork-tree  stand 
out.   In  the  extensive  representation  of  the 
cistaceae,  Cistus  ladaniferus  predominates  with  C. 
laurefolius  and  £.  populifolius,  accompanied  by 
the  lentisco  (Pistacia  lentiscus),  the  strawberry 
tree  (Arbustus  unedo)  and  a  big  group  of  small 
heath  (Erica) ,  thyme  (Thymus) ,  rosemary 
(Rosmarinus) ,  etc. 


Degraded  Ecosystems 

In  vast  zones  of  Spain,  a  big  alteration  of  the 
natural  environment  has  taken  place  over  the 
years.   The  climax  ecosystems  have  been  replaced 
by  others  very  distant  from  the  potential  climax. 
The  result  has  been  a  continuous  deterioration  of 
the  soil  as  a  consequence  of  the  erosion  produced 
by  the  lack  of  a  suitable  vegetal  cover.   In  this 
way  vast  zones  of  the  country  are  covered  by 
deeply  degraded  bush,  frequently  with  thorny 
plants,  especially  labiates. 

A  greater  number  of  Spanish  foresters  are 
dealing  with  the  management  of  these  degraded 
ecosystems  as  their  main  mission  and  with  a  res- 
toration criterion.   Due  to  the  degradation  of 


these  ecosystems  and  their  fragility,  the  restos 
tion  has  to  be  carried  out  starting  virtually  f 
the  last  stage  of  the  phylum. 


As  we  know,  the  management  of  an  area  consis 
in  organizing  it  according  to  silvicultural  and 
economic  criteria  in  order  to  obtain  the  maximu 
protection,  social,  and  production  benefits.  I 
is  generally  not  possible  to  obtain  these  three 
maxima  at  the  same  time  and  therefore  it  is  neci 
sary  to  establish  an  order  of  priority  among  th 
possible  objects. 
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HISTORICAL   EVOLUTION  OF    FOREST  MANAGEMENT 
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The  deforestation  stage  has  been  as  long  as  i 
history  of  Spain.  Spain's  geographic  situation 
the  crossroads  of  Europe  and  Africa,  its  mild 
climate,  and  the  abundance  of  its  resources,  wei 
the  reasons  why  different  peoples  settled  in 
Spain.  There  was  no  serious  deterioration  of  tl, 
environment  while  the  population  was  still  span 
but  repeated  impact  on  an  ecologically  fragile 
environment  determined  the  deterioration  of  the 
natural  ecosystems  and  made  restoration  difficul 
as  the  lack  of  vegetal  cover  accelerates  the 
erosive  process.  The  principal  causes  for  defoi 
estation  have  been  these: 


-  The  plowing  of  forest  soil  in  order  to 
install  agricultural  plantations,  later  abandon* 

-  The  secular  protection  of  cattle.  As  Spaii 
is  a  rather  mountainous  country  and  not  propitic 
for  the  creation  of  meadows,  grazing  has  been 
carried  on  with  sheep  and  goats  for  3000  years. 
During  the  Middle  Ages  and  later  in  the  16th 
century,  the  wealth  of  Spain  was  based  on  its 
millions  of  sheep,  with  their  privileges  of  pas- 
ture and  browsing,  which  caused  irreparable  dam. 
to  the  forests. 

In  "History  of  the  Spanish  Institutions"  Pro- 
fessor Valdeavellano  says  that  the  origin  of  the 
"Mesta"  was  the  associations  of  shepherds  and 
local  cattle  breeders,  who  joined  together  durii 
the  Middle  Ages  in  every  municipality  two  or  thr 
times  a  year  to  take  care  of  the  pasture  of  thei, 
cattle.  Those  meetings  were  normally  held  after 
the  reconquest  of  each  town.  By  1273  the  cattle 
breeders  and  shepherds  in  the  Kingdoms  of  Castili 
and  Leon  were  constituted  in  only  one  municipal!' 
of  the  "Mesta".  Alfonso  X  granted  it  privileges 
and  ordered  its  decisions  to  be  obeyed.  As  all 
cattle  of  the  "Mesta's"  municipality  were  consid 
ered  a  service  to  the  King,  he  ordered  that  the 
cattle  should  be  safe  and  secure  all  over  the 
kingdom,  grazing  freely  on  any  pasture  they  came 
across  as  long  as  they  didn't  damage  the  culti- 
vated fields,  scythed  pastures,  and  pasture  wood 
lots.  The  honorable  municipality  of  the  "Mesta" 
took  charge  of  the  nomadic  cattle  and  also  the 
routes  or  paths  used  for  the  changing  of  livesto 
from  summer  pasture  on  the  mountains  in  the  nort 
of  the  kingdom  to  winter  pasture  on  the  mountain 
and  places  in  the  south.   These  paths  or  "canada 
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a  set  width  when  passing  across  the  cultivated 
ds,  but  on  the  mountains  and  uncultivated 
nds  the  cattle  could  cross  anywhere.   The 
onderance  of  the  "Mesta"  can  be  observed  In 
well-organized  net  of  royal  paths,  lanes,  and 
paths  still  existing  and  complete  with  rest- 
places,  watering-places,  and  bed-grounds, 
y  managed  by  ICONA,  and  consisting  of  42  5,000 


nother  deforestation  factor  Is  numerous  wars, 

fire  often  was  used  as  a  punishment;  the  land 
orest  that  the  enemy  was  going  to  occupy  was 
ed.   The  successive  Invasions  of  Celtics, 
nlclans,  Cartaglnlans,  Romans,  Germans,  Arabs, 
French  people  among  others,  destroyed  a  great 
of  the  forests.   The  Reconquest,  which  suc- 
ed  the  Arab  Invasion  and  lasted  eight  centu- 
,  caused  a  great  deal  of  the  destruction  of 
forests.   As  Dr.  Erich  Bauer  says  In  "The 
Ish  Forests  In  History",  the  Spanish  expres- 

"emboscada"  (ambushed)  alludes  clearly  to 
cks  from  dense  forests,  where  the  enemy  could 

To  avoid  ambushes,  many  forests  were  felled 
burnt . 

he  situation  of  Spain  with  3000  km  of  littoral 
made  it  necessary  during  almost  3000  years  to 
ose  of  a  great  quantity  of  wood  for  the  con- 
ctlon  of  ships.   For  this  purpose  the  best 
and  pines  were  used  to  fill  the  demand  for 
by  the  merchant  navy  and  the  Navy,  which 
e  the  15th  century  attended  the  presence  of 
n  in  a  great  part  of  the  world,  especially  on 
American  continent. 

'o  this  whole  process,  a  policy  of  freedom  from 
.main  was  in  effect  during  the  past  century, 
I  very  unfavorable  consequences  for  the  for- 
y  sector;  5.5  million  ha  of  public  forest  and 
.llion  ha  of  forest  belonging  to  the  Church 
i  auctioned  and  most  of  them  were  felled  by  the 
:rs. 

Conservation  starts  with  the  creation  of  "Dir- 
.dn  General  de  Montes"  in  1833  and  the  Corps  of 
ist  Engineers,  who  established  the  most  effi- 
it  measure  to  preserve  the  rest  of  the  forest 
iness  in  Spain,  the  creation  of  the  Public 
ist  Catalogue.   The  forests  included  in  this 
ilogue  are  untransferable,  unseizable  and 
"escriptible,  the  last  condition  limited  to  30 
:s. 

'he  catalogue  Included  more  than  10,000  forests 
1  an  area  greater  than  6.5  million  ha,  v>^ich 
i   classified  and  catalogued,  forming  the  first 
rting-point  for  the  defense  and  restoration  of 
forests  in  Spain.   The  first  Forest  Law  is 
id  1863  and  was  in  force  until  1957,  when 
ther  was  published.   Almost  a  century  in  force 
rantees  the  success  of  its  conception.   From 
I   period  a  series  of  dispositions  served  as  a 
il  base  to  conserve  the  forest  patrimony.   It 
*orth  mentioning  the  creation  of  the  "Patrl- 
Lo  Forestal  del  Estado"  in  1935,  very  efficient 
the  conservation  and  restoration  of  the  forest. 


Its  mission  was  to  restore,  conserve,  and  increase 
the  "National  Forest  Patrimony"  and  to  create  the 
National  Institute  for  Nature  Conservation  (ICONA) 
in  1971,  which  continues  the  labor  of  the  "Patrl- 
monio  Forestal  del  Estado,"  amplifying  its  func- 
tions regarding  the  conservation  and  restoration 
of  natural  ecosystems. 


MANAGEMENT  PROBLEMS 

Problems  in  forest  management  can  be  divided 
into  three  groups:   legal,  social,  and  practical. 

-  Legal:   Very  complete  legislation  regulates 
action  in  the  State  forest  and  in  general  in  the 
Public  Utility  forests,  as  well  as  in  hydrological 
forestry  restorations,  but  there  is  a  lack  of 
legal  operative  instruments  for  acting  in  the 
private  forests  in  general . 

Once  approved,  a  forest  management  plan  is 
enforced  in  the  forest  by  legislation,  requiring  a 
management  revision  plan  every  10  years. 

In  forests  without  a  management  plan,  ICONA  has 
to  approve  the  harvesters  of  wood  bv  marking  and 
spotting  standing  trees  to  be  cut  and  finally 
checking  the  felling.   Excluded  from  this  duty  is 
wood  on  private  property  within  the  harvest  area, 
intended  for  domestic  use. 

-  Practical:   Lack  of  resources,  forest  fires, 
amateur  ecologists,  weekend  excursionists,  lack  of 
professionals,  privileges  without  duties,  and  some 
very  altered  ecosystems  are  the  practical  problems 
that  a  Technical  Director  of  Management  or  Res- 
toration has  to  resolve. 

-  Social:   These  vary  with  regard  to  the  eco- 
nomic situation.   In  periods  with  economic  depres- 
sion the  forest  resources  are  always  over- 
exploited.   To  make  the  pasturage  more  productive 
an  extra  range  count  per  ha  is  needed.   This 
damages  the  forest,  and  its  herbaceous  and  even 
ligneous  vegetation  will  diminish  in  a  very  short 
time,  with  irreversible  degradation  of  the  soil. 
The  occupation  of  forest  areas  for  urbanization 
and  industrial  plants  often  takes  place  at  the 
expense  of  forest  area. 


SCIENTIFIC  INFORMATION  IN  FOREST  MANAGEMENT  AND 
RESTORATION 

A  multiplicity  of  data  and  observations  of 
Interest  are  available.   As  forest  management  in 
Spain  began  in  1895,  the  amount  of  scientific  data 
is  very  Important . 

The  main  parameters  used  are  soil  characteris- 
tics (geological  formation,  depth,  composition, 
physical  conditions,  rush  of  water,  etc.);  orog- 
raphy and  configuration  of  the  ground;  hydro- 
graphic  position;  climate  (rainfall,  seasonal 
distribution,  temperature,  relative  humlditv, 
etc.)  expressed  in  blocllmatical  diagrams;  flora 
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(species,  vegetal  associations,  etc.);  fauna 
(convenient  and  injurious  species,  etc.);  diseases 
and  plant  pests;  statistical  risks  of  forest 
fires;  livestock,  pressure  (class  and  quantity); 
density  of  human  population  (characteristics  and 
grouping);  communication  and  access  ways;  mill 
industries;  touristic  and  recreation  demand,  etc. 

As  well  as  scientific  information  about  for- 
estry, all  complementary  information  is  used: 
complete  records  of  meteorologic  stations  in  the 
forest,  edaphologic  studies,  measurements  of  the 
soil  moisture  available  for  the  roots  of  the 
plants,  and  the  influence,  dose,  and  results  of 
the  fertilization  of  forest  soils. 

In  forest  stands,  species  are  analyzed  for 
basal  area,  site  quality,  diametric  distribution, 
height-diameter  and  diameter-age  relations,  stand 
volumes  (tree-volume  tables  and  management, 
tarifs),  stand  growth,  etc.   Industrial  investiga- 
tions are  also  used,  as  performed  by  the  Forest 
Research  Centre  on  the  use  of  different  species, 
characteristics  of  different  products  and  agents 
acting  on  them,  production  and  consumption 
studies,  etc. 

A  consequence  of  the  meticulous  study  performed 
and  of  the  planning  of  the  aims  to  be  reached  is 
the  selection  and  settlement  of  the  necessary 
measures,  which  end  in  a  series  of  activities  in 
time  and  space,  with  different  intensity  and 
method. 

The  management  action  can  be  integral  or 
limited,  the  first  referring  to  forest  yielding 
products  for  a  single  market  and  the  second  refer- 
ring to  isolated  forest  stands  of  less  importance. 

When  a  plan  has  been  made,  a  model  is  chosen 
for  the  forest,  setting  forth  its  management 
division,  stand  structure,  method  of  management, 
rotation,  reproduction  period,  allowable  cut, 
felling  method,  accessory  systems,  means  to  use, 
f inanclation,  etc.,  as  well  as  a  quantified 
objective . 

Management  projects  are  revised  periodically 
(every  10  years)  by  accumulating  and  studying  the 
obtained  data  or  modifying  or  maintaining  the 
directives  indicated  in  the  management  project. 
In  any  management  project  or  revision,  there  are 
three  approaches:   long  term  (general  plan), 
medium  term  (special  plan),  and  short  term  (annual 
plan) . 


Restoration  Projects 

bue  to  the  fragility  of  the  Mediterranean 
ecosystems,  once  the  ecological  balance  is  broken 
by  man,  generally  through  cutting  or  burning  the 
tree  vegetation,  a  progressive  and  irreversible 
deterioration  is  produced  which  requires  manage- 
ment action. 


The  restoration  of  these  very  fragile  and  [P" 
degraded  ecosystems  requires  detailed  scientific P" 
information  to  provide  foresters  with  the  neces-P'^ 
sary  means  of  planning  the  management.  This  Ifjl'"' 
information  should  always  be  completed  with  the 
experience  obtained  from  earlier  restorations. 


The  first  requirement  is  a  complete  study  of 
the  "habitat"  on  which  the  restoration  will  be 
performed.   Information  on  the  physical  medium 
should  include: 
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a.  Morphologic  characteristics,  with  analyst^ 
of  the  topographic  aspects  of  the  area  to  be 
studied;  compactness  index  and  relief  studies 


b.  Information  about  the  soil  in  two  ways: 
one  analytical  and  another  calculating  indexes 
which  can  define  the  type  of  soil  reaction. 


c.   Study  of  the  climate  through  an  analysis  c 
meteorological  data  of  the  established  seasons 
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A  parameter,  recently  Introduced  for  this  type** 
of  study  Is  the  bioclimatlc  diagram  by  Montero  denso 
Burgos  and  Gonzalez  Rebollar.  It  is  an  invaluabl  « 
help  in  the  restoration  of  the  Mediterranean 
ecosystems,  as,  due  to  the  scarcity  and  irregular*' 
distribution  of  rainfall,  a  technique  of  climati-;  iii 
cal  analysis  with  biological  basis  Is  needed, 
giving  great  Importance  to  water  balance. 

The  bloclimatical  diagrams  provide  exact  infor 
mation,  but  are  restricted  to  the  proximity  of  th  t 
station.   Bloclimatical  maps  serve  the  biological 
aims  of  the  restoration  by  providing  detailed  and 
accurate  information  for  the  area.  jijit 

d.   Vegetation  studies,  carrying  out  analyses  ill 
of  associations  and  of  indicator  plants,  of  vege-  i] 
tation  dynamics  for  land  use,  of  climatic  regres- 
sion scales,  and  of  the  situation  of  the  vegeta- 
tion on  the  scale;  also  phytosoclologlcal  studies 
as  indicators  of  the  species  to  be  used. 

Hydrologlcal  forestry  projects,  especially 
corrective  work,  are  revised  every  5  years  to 
check  if  everything  has  been  carried  out  accordin 
to  plan  and  if  any  rectifications  are  to  be  done. 
Modifications  of  the  project  due  to  the  influence 
of  the  work  already  accomplished  can  be  made  on 
reasonable  justification. 

It  is  of  great  ecological  value  to  succeed  in 
restoring  the  climax  vegetation  of  the  Mediterra- 
nean area  as  far  as  the  tree  forest,  but  there  ar^ 
a  series  of  edaphological  and  economic  factors 
that  condition  such  restoration.   The  first  one 
limits  the  nature  of  the  plants  to  be  installed, 
as  the  climax  species  are  very  exigent  with 
respect  to  the  environment  and  need  a  rather 
mature  soil  for  good  development.   It  has  been 
proved  that  the  climax  species  have  very  limited 
development  and  difficult  rootage  in  eroded  soils 
with  little  depth,  little  organic  matter,  and 
little-developed  horizons,  and  this  is  the  condi- 
tion of  most  of  the  soils  to  be  restored. 
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jiother  limiting  factor  is  economic.   As  the 
s  to  be  treated  are  always  large,  the  cost  of 
itioning  the  soil  to  give  it  the  nutrition  and 
ure  it  needs  in  order  to  receive  the  climax 
ies  are  always  too  great  for  the  Forestry 
nistration. 

herefore,  regeneration  of  the  vegetation 
lax  must  be  restricted  to  forests  with  favor- 
ecological  conditions;  those  with  a  more 
y  evolved  soil,  where  the  natural  vegetation 
onserved,  even  if  only  in  shrubby  form.   We 

describe  the  regeneration  system  used  in  the 
instruction  performed  by  ICOM  on  holly-oak 
St,  the  most  typical  Mediterranean  forest. 
i   is  taking  place  in  various  forests,  espe- 
ly  in  Sierra  Nevada,  in  the  province  of 
ria  in  the  south-east  of  Spain,  in  an  area 

subhumid  climate  according  to  the  Emberger 
isif  ication. 

he  "habitat"  on  which  we  are  acting  contains  a 
ly  vegetation  of  holly-oaks  formed  by  discon- 
lous  stunted  bush-spots  with  some  young  shoots, 
soil  is  very  eroded,  particularly  in  areas 
lOut  bush  cover.   It  has  been  cut  for  fuel  wood 
charcoal  several  times;  the  last  felling  was 
;  30  years  ago,  and  it  has  supported  continuous 
;ing  by  goats,  which  have  eaten  the  annual 

All  this  has  produced  a  regression  of  the 
lal  formation  of  the  holly-oak,  so  that  it 
hes  its  most  bushy  form. 

he  reforestation  system  used  consists  of  a 
ination  of  protective  treatments  completed 
,  line  planting  of  plants  in  bags  and  seeding 
icorns.   The  initial  treatment  consists  of  a 
iction  of  young  buds,  which  are  pruned;  a 
ming  of  surrounding  brush;  and  a  brushing  of 
ps,  even  with  the  ground,  in  order  to  stimu- 
I  the  sprouts  and  coppice  shoots.   This  brush- 
is  done  manually  or  mechanically  according  to 
slope  and  the  degree  of  protection  of  the 
itation  needed.   The  manual  system  is  used  in 
ids  with  mature  soil.   This  careful  treatment 
'ery  advantageous  because  it  doesn't  produce 
appreciable  alteration  of  the  soil;  the  shoot 
ribution  is  much  better  and  the  ground  is 
lequently  better  covered.   Motor  brush  cutter 
lanual  tools  are  used  for  the  brushing,  as  in 
:ing  at  ground  level,  stones  interfere  with  the 
.on  of  the  gear.   The  mechanical  system  is  used 
itands  of  lesser  slope  and  with  a  more  closed 
I.   The  brushing  at  ground  level  is  done  with  a 
.dozer  of  75  to  180  CV,  cleaning  alternate 
.ps  following  contour  curves. 

'he  restoration  system  that  gives  best  results 
I  combination  of  the  three  described  treat- 
is.   The  young  existing  shoots  are  first  pruned 

cleaned.   Afterwards  alternate  strips  are 
ihed  with  tractors  at  the  level  of  the  ground, 

the  tree  bush  and  creeping  vegetation  is 
ihed  by  hand,  for  better  distribution  of  the 
Its,   In  the  open  strips,  which  are  brushed 
1  the  bulldozer,  the  forestatlon  is  completed 


with  a  seeding  of  acorns  and  a  planting  of  seed- 
lings in  bags  on  areas  without  bush. 

With  this  system,  a  diversity  of  ages  of  the 
climatical  ecosystem  is  obtained  that  guarantees 
its  persistence.   Finally  when  the  selected  stems 
have  reached  enough  development,  it  is  necessary 
to  make  a  selection  of  the  shoots,  normally  by 
cutting  the  surplus  ones  with  long-handled  pruning 
scissors.   Once  a  tree  crop  is  obtained,  an  impor- 
tant alternative  is  presented  in  the  areas  with 
less  slope,  consisting  of  a  clear  wood  lot  "dehesa" 
which  permits  grazing. 

An  important  help  in  monitoring  of  regeneration 
treatment  and  comparison  between  the  development 
of  treated  and  untreated  examples  of  the  same 
stool  is  amplified  microphotography  on  which  the 
evolution  of  the  shoots  and  the  vegetative  stage 
of  the  stems  can  be  observed. 

The  management  or  restoration  plan  of  a  forest 
or  a  catchment  basin  is  studied  and  written  up  by 
the  Technical  Director  of  the  forest,  who  has  the 
title  of  "Ingeniero  Superior  de  Montes"  assisted 
by  "Ingenieros  Tecnicos  Forestales"  and  an  "Inge- 
niero Tecnico  Topografo".   Specialists  in  other 
subjects,  normally  edaphologists  and  biologists, 
collaborate  in  the  study.   The  Technical  Director 
of  the  forest  is  in  charge  of  the  fulfillment  of 
the  plan  and  of  necessary  revisions.   Periodi- 
cally, there  are  specialization  courses  in  the 
"Escuela  Tecnica  Superior  de  Ingenieros  de 
Montes,"  and  others  organized  by  ICONA,  which 
those  interested  can  attend  as  appointed  by  the 
Director  or  at  their  own  request. 

The  new  techniques,  results  of  management, 
etc.,  are  published  in  specialized  magazines, 
among  which  we  mention  Central  Station  of  Ecology 
("Estacidn  Central  de  Ecologia")  Forests 
("Montes"),  Wild  Life  ("Vida  Silvestre"),  etc. 
The  results  of  special  projects  and  reports  on  the 
development  and  conclusion  of  the  courses  and 
seminars,  etc.,  are  published  in  the  "Monograf ias" 
of  ICONA.   The  results  of  the  forest  research  are 
published  by  INIA,  which  Includes  the  Forest 
Research  Institute. 


NATIONAL  LEVEL  STUDIES 

Only  studies  closely  related  to  management, 
restoration,  and  utilization  of  the  natural  envi- 
ronment are  indicated . 


National  Plan  of  Reforestation 

The  object  of  the  plan  is  to  recover  the  barren 
areas  with  forest;  where  it  is  necessarv,  to  do  a 
reforestation  with  protective,  productive,  or 
socially  beneficial  effect.   It  comprises  some  5.5 
million  ha  and  is  to  be  performed  in  50  vears.   A 
photogrammetric  studv  of  Spain  has  been  required, 
each  photogram  covering  a  surface  of  500  to  800 
ha. 
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National  Hydrological  Plan 

Its  purpose  is  to  regulate  water  yield,  for 
which  agrohydrological  management  of  the  catchment 
basins  is  necessary. 

At  the  present  time,  the  study  is  in  a  predefi- 
nition  phase.   A  data  bank,  has  been  formed,  in 
which  all  studies  and  projects  have  been  inven- 
toried.  With  respect  to  the  Natural  Space,  which 
is  the  sector  where  ICONA  takes  action,  informa- 
tion on  water  supply  and  demand  has  been  gathered. 

Forest  areas  and  new  plantations  have  been 
mapped,  as  well  as  future  reforestations.  Natural 
Spaces  with  special  protection,  erosion  centers, 
and  restoration  work  on  degraded  ecosystems  clas- 
sified as  necessary,  performed  and  to  be 
performed. 

Register-cards  of  water  demand  as  per  use,  and 
maps  of  water  demand  have  been  made. 

Special  plans  of  greateat  interest  are  those 
referring  to  Protected  Natural  Spaces,  e.g.,  the 
National  Parks. 


Desert  Control  Program 

The  deep  valley  of  the  Mediterranean  Sea,  the 
origin  of  civilization,  has  suffered  through  its 
history  a  progressive  deterioration  of  the  natural 
resources,  caused  by  human  activity  with  abusive 
practices  of  soil  and  a  continuous  use  of  some 
limited  natural  resources  in  a  very  fragile  natu- 
ral environment.   This  is  mainly  due  to  the  char- 
acteristics of  the  Mediterranean  climate,  with  a 
brief  rainy  season  and  a  very  irregular  distribu- 
tion of  rainfall,  where  long  periods  of  hot,  dry 
summer  and  violent  rainfall  are  frequent.   The 
rough  topography  and  the  lack  of  a  convenient 
vegetal  cover  in  large  areas  gives  a  torrential 
character  to  most  of  the  catchment  basins.   This 
gives  tree  vegetation  very  limited  development  in 
large  areas;  recovery  of  the  ecosystem  that  man 
has  altered  is  difficult. 

The  frequently  torrential  rainfall,  the  rough 
topography,  and  the  lack  of  necessary  vegetal 
cover  results  in  very  much  altered  ecosystems  in 
important  areas,  where  the  erosion  has  impover- 
ished the  soil,  with  progressive  exhaustion  of  the 
renewable  natural  resources.   This  pattern  has 
decisively  affected  the  social  and  economic 
history  of  the  area. 

Increasing  deterioration  of  the  environment, 
aggravated  by  some  very  dry  years  in  the  south- 
east Spanish  part  of  the  Mediterranean  watershed, 
has  given  desert  control  problems  preference  over 
other  work  in  Spain. 

At  an  international  level,  the  World  Conference 
on  desert  control  held  in  Nairobi  in  1977  made 
obvious  the  necessity  for  greater  knowledge  of  the 
phenomena  that  produce  the  desert,  and  for 


improved  technology  to  control  it.  At  the  same 
time,  it  was  recommended  to  promote  the  necessar 
action  to  fight  against  the  deserts  at  a  nationa 
level  as  well  as  at  an  international  level. 
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Spain  has   therefore  followed   a  policy  of   con- 
servation of   the   natural   environment   and    reforest 
tation  programs,    since   the    last   century  when   the 
Forest   Corps   was   created.      Three  million  ha   have 
now  been   reforested.      With   the   obtained   experien 
of   restoration,    it   is   considered   that   desert 
problems  have  such   specific   characteristics    that 
the  best   way   to   fight   efficiently   against   it   is 
establish  a  program   to  study  and  monitor  erosion! 
in   Spain,      For   this   purpose  a  working   group   has 
been   formed  within   ICONA,    in  collaboration  with  f=" 
the  University  and   the  Research  Centers.      It   is 
working  with   the   LUCDEME  project    (Struggle   againi 
the  Desert   of   the  Mediterranean)  . 
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As  the  problem  covers  a  big  part  of  the  Medi- 
terranean watershed,  the  Spanish  Government  is 
interested  in  promoting  the  cooperation  of  the 
Mediterranean  Nations  so  that  the  studies  per- 
formed and  the  recommendations  reached  will  servi; 
the  Mediterranean  countries  with  these  problems. 

The  objects  of  this  project  are: 

-  To  deepen  knowledge  of  the  existing  nationa! 
resources  and  their  condition  before  their  degra 
dation  due  to  human  activity. 

-  To  know  in  detail  the  reasons  for  the  deter 
oration  of  the  resources  and  their  degradation 
levels. 

-  To  define  the  existing  correlation  between 
the  deterioration  of  the  natural  resources  and  tl 
social  and  economic  decline  of  the  affected  rura! 
areas. 

-  To  analyze  the  techniques  applied  up  to  now 
and  to  design  new  techniques  for  desert  control. 

-  To  study  the  costs  of  restoration  of  the 
natural  resources,  in  order  to  develop  the  rural 
areas  and  achieve  higher  levels  of  life  quality, 
analyzing  the  cost-benefit  relation. 

-  To  study  historical  research  of  this  area, 
which  traditionally  has  been  the  meeting  point  ol 
developed  and  underdeveloped  worlds.   This  Spanli 
area  with  great  desert  problems  was  a  developing 
center  during  the  first  period  of  our  occidental 
civilization  with  the  culture  of  "Los  Millares", 
"Villaricos"  and  "El  Argar",  probably  due  to  the 
climatic  conditions,  that  were  good  for  the  peop] 
and  hostile  for  the  environment. 

-  To  continue  research  of  the  natural  re- 
sources, ecology,  land  use,  degradation  level  of 
the  resources,  sociology,  meteorology,  forest 
hydrology,  etc. 


-  To  study  traditional  systems  of  land  use  and' 
evaluate  technology  applied  on  the  works  already 
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ormed  and  the  techniques  used.   Study  appllca- 
of  new  techniques  adapted  to  the  Mediterra- 
ecosystems,  etc. 

To  Improve  utilization  of  the  activities  and 
Its  of  research  and  technology  for  training  of 
rts  and  investigators  through  symposia, 
ses,  workshops,  etc. 
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Biomass  Production  and  Utilization  of  Natural 
Pastures  in  the  Chilean  Mediterranean 
Ecosystems^ 

Raiil  Canas,  Claudio  Aguilar,  Osvaldo  Paladines,  and  Gaby 
Munoz- 


Uslng  Emberger's  (1955a,  1955b,  1958,  1959) 
concept  of  mediterranean  bloclimatical  conditions, 
di  Castri  and  hajek  (1976)  located  the  Chilean 
mediterranean  ecosystem  between  latitudes  28  and 
41  degrees  south.   The  non-antarctic  territory  of 
Chile  is  77  million  ha  (similar  to  the  State  of 
Texas)  and  the  mediterranean  part  is  25  percent  of 
this  area. 

Physiographically,  Chile  extends  from  latitude 
lb  to  58  degrees  south  and  the  average  width  is 
110  km.   In  the  northern  hemisphere,  Chile  would 
extend  from  baja  California  to  Alaska  (fig.  1). 
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Figure  1 — Comparative  geographical  location  of 
Chile. 

In  general,  rainfall  increases  and  temperature 
decreases  from  north  to  south  and  from  the  ocean 


Presented  at  the  Symposium  on  Dynamics  and 
hanagement  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  biego,  California. 

bepartamento  ae  -^ootecnia,  Facultad  de  Agrono- 
mia,  Pontificla  bniversidad  Catolica  de  Chile, 
Santiago,  Chile. 


Abstract:   In  Chilean  mediterranean  ecosystems, 
rainfall  and  biomass  production  is  correlated. 
Biomass  productivity  in  the  north  is  between  300 
and  1200  kg/ha  in  the  fall-winter  period;  in  the 
south,  maximum  productivity  is  about  5000  kg/ha 
the  spring  through  fall  months.   Major  restric- 
tions for  animal  use  are  water,  slope,  soil  nutr 
ents,  toxic  plants,  and  weeds.   Management  has 
drastically  changed  with  land  tenure  circumstan- 
ces.  Natural  pastures  provide  more  than  80  per- 
cent of  grazing,  but  most  research  is  in  culti- 
vated pastures.   The  few  research  projects  in 
natural  pastures  have  produced  a  very  important 
impact. 


to  the  mountains.   In  accordance  with  these  parai 
eters,  di  Castri  and  Hajek  (1976)  divided  the 
Chilean  mediterranean  in  six  zones:   perarid , 
arid,  semiarid,  subhumid,  humid,  and  perhumld. 
These  subdivisions  are  highly  correspondent  with 
the  production  and  utilization  of  each  ecosystem 
The  limits  of  the  zones  are  shown  in  figure  2. 


PRIMARY  PRODUCTION 

Table  1  shows  the  productivity  of  the  natural 
cultivated  pastures.  The  data  represent  averages 
of  different  experiments  In  each  area. 

The  average  production  of  the  natural  pasture 
is  between  0.55  and  3.5  ton  of  Dry  Matter  (DM) /hi 
The  variation  is  due  to  edaphic  and  climatic 
conditions.  With  Irrigation,  the  productivity  of 
the  natural  pasture  can  increase  to  5.0  tons 
DM/ha,  and  in  artificial  pasture  to  18  tons  DM/hi 
In  natural  conditions,  the  species  of  the  meditei 
ranean  pasture  are  annuals,  rainfall  being  the 
first  llmltant  for  plant  growth. 

Table  1  also  shows  that  DM  productivity  of 
pastures  increases  with  latitude  corresponding 
with  increased  rainfall.   This  increase  is  preser 
both  in  natural  and  cultivated  pastures. 

The  introduction  of  cultivated  pasture  can 
change  the  ecosystem  productivity  drastically, 
especially  in  those  areas  where  the  rainfall  is 
less  limiting.   Normal  production  of  a  Trif olium 


repens  plus  Lolium  plus  Dactylis  in  the  perhumld 
Chilean  mediterranean  ecosystem  can  reach  15  tons' 
DM/ha.   Nevertheless,  the  cultivated  pastures  are 
less  than  10  percent  of  the  total  mediterranean 
pasture.   Similar  results  can  be  obtained  using 
high  levels  of  phosphorus  fertilizer  in  the  natu- 
ral pasture. 

The  natural  pasture  of  the  Chilean  mediterra- 
nean is,  in  general,  characterized  by  two  strata, 
the  annual  herbs  and  the  matorral ,  similar  to  the 
California  chaparral , 

The  most  important  herbs  and  their  distribution 
is  as  follows: 
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Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Ran 
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Table  1 Primary  productivity  of  pastures  in  the  Chilean  mediterranean 

at  different  latitudes 


Zone 


Arid 

Semiarid 

Semiarid 

Semiarid 

Humid 

humid 

Perhumid 

Perhumid 

Perhumid 

Perhumid 


Provinces 


Coquimbo 

Aconcagua 

Valparaiso 

Santiago 

Talca 

Linares 

Bio-Bio 

Concepcion 

Arauco 

Osorno 


Lat 

itude 

32° 

30 

°30' 

33° 

33 

°30' 

35 

°25' 

35 

°45' 

36 

°30' 

36 

°50' 

37° 

40 

°35' 

Rainfall 

mm/yr 


Natural 
pasture 


Productivity 


Cultivated 
nonirrigated 

ton  MS/ha/yr 


Cultivat 
irrigate 


134.0 

380.0 

438.4 

441.3 

712.8 

816.6 

1,034.2 

1,220.2 

1,599.1 

1,216.9 


1.62 
2,03 
2.10 
2.13 
2.48 
2.56 
2.72 
1.75 
2.06 
3.38 

■6.85 


0.995 

3.58 
6.43 
5.67 
3.15 
8.91 


13.63 

9,19 
7.07 


Poorly  drained   soils. 
'Naturalized    introduced   species. 


Natural   herbs 

Chaetanthera   ciliata 
Solenomelus    peduncularls 
Pectocarya   penicillata 
Pasithea   coerula 
Helenium   aromaticum 
Vulpia  dertonensis 
Plantago  mayor 
Briza   minor 
hordeum   chilense 

Naturalized 


Lrodium   cicutarium 
Bromus   mollis 
Avena  barbata 
Dactylis   glomerata 
Medicago    arabica 
Gnaphalium  sp. 
hypochoerls    radicata 
L/ichondra   repens 
Trifolium   angustifolium 
Trifolium   repens 
Lolium   sp. 


Arid 

Arid 

Arid 

Arid 

Arid 

Semiarid 

Semiarid,    Subhumid 

Semiarid,    Subhumid 

Subhumid 


Arid 

Arid,    Semiarid 

Subhumid 

Subhumid 

Subhumid 

Subhumid 

Subhumid 

Subhumid 

Subhumid 

Subhumid 

Subhumid 


The   matorral    strata    can   be   divided    using   crite- 
ria  from  Avila   and    others    (1978)    based    on   topo- 
graphic  gradient,    into 

!•         Sclerophyllous    evergreen   forest    located    in 
the   central    part    of    the   valley.      The   most 
important   matorral    species    are 

Cryptocarya   alba 
Maytenus    boaria 
Liuillaja   saponaria 

2.        Matorral    located    on  mountain   slopes,    south 
exposure.      The   most    important    species   are 


Lithraea   caustlca 
Schlnus   polygamus 
C^uillaja   saponaria 
Colllguaya   odorifera 
Kagenckia   oblonga 
Satureja   gilllessi 

3,        Low  matorral    located    on  gentle  mountain 

slopes   with  north  exposure.      The  most    impor 
tant   species  are 

Colllguaya   odorifera 
Colletla   splnosa 
Retanllla   ephedra 
Trevoa   trlnervls 
Talaguenea    qulnquineruvla 

In   the    southern   part  of    the   Chilean  mediter- 
ranean ecosystem,    there  is   also   sclerophyllous 
forest   with   hydrophlllc  species.      The   most    impor 
tant    species   are 

Nothopagus    dombey 
Drymls    wlnteri 
Nothopagus    obliqua 
Araucarla   araucana 


ANIMAL    PRODUCTIVITY 

Table    2   presents    the   population   of    animals    in 
the   Chilean  mediterranean.      Animal    species   are 
distributed    according    to    the    prevalent    rainfall 
the   area.      Goats   are    concentrated   mainly    in    the 
arid    and    semiarid    zones,    sheep    in    the    semiarid, 
and    cattle    in    the    perhumid    zone    (fig.    3), 

Countrywide,    the   mediterranean   contains    64 
percent    of    the    cattle,    32    percent    of    the    sheep, 
and    practically    100   percent    of    the    goats. 
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Table   2 — Animal   population  in  the  Chilean  mediterranean 


Provinces 

Ca 

ttle 

Sheep 

Goats 

Total    j 

AU        1 

iCO 

;s, 

lOf 

Zone 

AU^ 

Percent 

AU 

Percent 

AU 

Percent 

Perarid 

Antof agasta 

583,3 

0.03 

2,877.3 

1,31 

623.2 

0.42 

i;ern 
4,083.8  pies 

Arid 

Atacama-Coquimbo 

52,894.0 

3.09 

19,583.2 

8.95 

60,621.6 

41.64 

133,098.8  1 

Semiar id 

Aconcagua-Valparaiso 

107,078.2 

6.27 

25,175.7 

11.51 

8,827.8 

6.06 

141,081.7  IjlKlt 

Semiarid 

Santiago 

109,443.6 

6.41 

5,208.9 

2.38 

3,044.3 

2.09 

117,696.8 

ava 

Sub hum id 

0 'higgins-Colchagua 

144,697.1 

8.43 

39,134.3 

17.89 

5,956.0 

4.09 

189,787.41 

cure 

Humid 

Curie o-Talca 

108,065.9 

6.33 

24,448.2 

11.18 

4,794.7 

3.29 

137,308.9 

IJie 

humid 

Linares-Maule 

76,270.3 

4.46 

13,824.5 

6.32 

5,138.8 

3.53 

95, 233.6  tlila 

humid 

Nuble 

116,417.8 

6.82 

19,459.2 

8.89 

8,936.4 

6.13 

144,813.4 

Perhumid 

Concepcion-Arauco 

83,019.7 

4.86 

4,672.5 

2.13 

18,873.9 

12.96 

106,566.1 

Ll 

Perhumid 

Bio-Bio-Mai leco 

285,455.6 

16.72 

20,104.3 

9.19 

11,537.4 

7.92 

317,097.3 

m 

Perhumid 

Cautin 

350,782.3 

20.55 

33,507.5 

15.32 

11,880.0 

8.16 

396,169.8 

fete 

Perhumid 

Osorno 

271,897.5 

15.93 

10,656.4 

4.87 

5,323.2 

3.65 

287,877.1 

Vl" 

TOTAL 

1,706,605.3 

100.00 

218,652.0 

100.00 

145,557.3 

100.00  2 

,070,814.6 

ia 

Extracted    from  the  Nation  Agricultural   Census,    1975-1976. 
'Animal    Unit   equivalent    to   a   500-kg   steer. 


Table   3 — Animal   productivity   of    the   Chilean  mediterranean 


P 


m 

ftlSI 


1 
1 

Animal 

Stocking 

Animal  weigl» 

H)l 

Provinces 

Natural 

Pasture   arei 

population 

AU2 

rate 
AU/ha 

gain 
kg/ha 

Zone 

Improved 

Cultivated 

Perarid 

Antof agasta 

111,899 

0,000 

1,843 

4,083.8 

0.29 

- 

Arid 

Atacama-Coquimbo 

1,748,091 

7,138.4 

10,736 

133,098.8 

0.07 

- 

Semiarid 

Aconcagua-Valparaiso 

539,343 

14,233.6 

14,024 

141,081.7 

0.24 

105 

4 

Semiarid 

Santiago 

263,271 

19,175.2 

27,066 

117,696.8 

0.38 

85       1 

i. 

Subhumid 

U  'higgins-Colchagua 

553,141 

25,801.8 

43,588 

189,787.4 

0.30 

62      1 

humid 

Curico-Talco 

509,891 

33,448.2 

34,851 

137,308.8 

0.23 

70      l» 

humid 

Linares-Maule 

257,540 

13,236.0 

17,921 

95,233.6 

0.32 

50      1 

humid 

Nuble 

344,599 

24,181.4 

30,121 

144,813.4 

0.36 

90      it 

Perhumid 

Concepcion-Arauco 

155,334 

25,725.8 

6,578 

106,566.1 

0.56 

122 

Perhumid 

Blo-Bio-Malleco 

729,475 

148,000.9 

91,286 

317,097.3 

0.32 

130       1 

Perhumid 

Cautin 

460,580 

101,074.6 

98,559 

396,169,8 

0.60 

160       1 

Perhumid 

Osorno 

178,952 

144,089.4 

43,850 

287,877,1 

0.78 

180 

Natural    =   Native   and   naturalized    pastures 

Improved   =   Natural    pastures   subjected    to    improvement    practices   without    plowing 

Cultivated  =   Sown  pastures 

? 
Animal    Units   equivalent    to   a   500-kg   steer. 


Table    3   shows    the   productivity   of    pastures 
expressed   in  animal   weight   gain.      Stocking  rate 
trebles    from    the   arid    to    the   perhumid    zones   and 
coincidental    with    the    increase    in   stocking   rate   is 
an    increase    in   animal    production. 

The   Chilean  management    of    the   mediterranean 
ecosystem    is   characterized    by   the   extensive    use   of 
the   natural    pastures   as   a   source   of    animal    feed. 
These   are   normally  annual    pastures,    with   a  very 
fast    growth    period,    highly   dependent   on   tempera- 


ture and  rainfall  for  total  dry  matter  productioi 
On  the  other  hand,  animal  feed  intake  is  dependei' 
on  pasture   characteristics. 

In   general,    the   natural   mediterranean   ecosys- 
tems  are    fragile.      They   are   easily  damaged    by 
abuse  and   are    subject    to  drought.      The   original 
vegetation  on  a   large   part   of    these   ecosystems  he 
been  depleted  by  a  combination   of    these    factors, 
with  a   rapid    increase   of   unwanted   matorral   specie 
and   herbs    (Fuentes   and   Hajek    1978,    Gasto   and 
Contreras    1979). 
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le  major  damage  to  the  natural  ecosystems  is 
the  water  sources  and  the  animal  keeper's 

i,  due  to  higher  animal  density  and  the  selec- 
consumption  by  animals  of  plants  and  plant 

5,  producing  changes  in  the  botanical  composi- 
of  the  pasture.   This  selective  harvesting 

;rn  promotes  the  growth  of  unwanted  matorral 

.es  and  herbs  over  useful  pasture  species. 

)driguez  (1979)  studied  the  digestibility  of 
ivailable  and  animal-selected  natural  pasture, 
ire  availability  was  estimated  by  cutting  and 
liet  selected  by  animals  via  esophageal 
ila. 

ible  4  presents  the  contrasting  digestibility 
months  of  the  year  as  pasture  becomes 
;ted  by  grazing. 

razing  animals  select  plants  or  plant  parts 
a  higher  content  of  protein,  phosphorus, 
(olizable  energy,  and  lower  content  of  fiber. 

)  shown  in  table  5,  animals  select  different 
.s   depending  on  maturity  (as  represented  by 
)n  of  the  year)  and  digestibility.   Sheep 
.ng  a  winter  therophytic  pasture  select  first 
■um  sp.;  as  soon  as  Lrodium  sp.  availability 
>ases,  the  animals  select  Trisetobromus  hirtus 
.ater  Vulpia  dertonensis.   There  are  some 
.es,  such  as  Hordeum  murinum  and  Koelenia 
)ides ,  that  are  not  eaten  by  the  animals, 
a  very  high  stocking  rate,  the  pasture  will 
lly  increase  in  these  unwanted  herbs. 


SURFACE  REQUIRED  PER  FAMILY 

le  minimum  annual  wage  of  farm  labor  is  $2000 
) .   Assuming  that  in  a  family  of  five  persons 
!  is  only  one  land  worker,  the  total  family 
le  will  be  $2000/year.   A  study  of  different 
!  along  the  mediterranean  ecosystem  was  con- 
id  in  order  to  estimate  the  theoretical  mini- 
'arra  size  required  for  a  worker  to  obtain  the 
.y  income  of  $2  000.   Land  price  was  not  in- 
;d  in  the  calculation  of  the  profit  of  differ- 
igricultural  businesses,  because  it  increases 
lendent  of  the  farm  business. 

!  4 — ■_!£  vitro  digestibility  of  available  and 
il-selected  pasture  in  the  perarid  zone  of  the 
ian  mediterranean 


Stage 

of    grazing 

,    2 
cycle 

)n 

Early 

Ned  ium 

1          Late 

ig 

5t).91 

55.42 

46.73 

:r 

53.56 

49.39 

37.91 

53.38 

43.65 

37.92 

'   winter 

49.01 

42,04 

37.62 

winter 

51.90 

47,60 

42.72 

[■aken  from  Rodriguez  1979. 

iach  grazing  cycle  lasted  for  20  days. 


Table  6  shows  average  results.   Land  price  is 
highly  dependent,  in  the  north  and  central  zone, 
on  the  water  available  for  irrigation.   Thus,  a 
goat  farmer  in  the  north  part  of  the  Chilean 
mediterranean  ecosystem  who  has  the  opportunity  to 
irrigate  a  portion  of  the  farm  prefers  to  elimi- 
nate the  animals  and  grow  fruit. 


HISTORY  OF  PASTURE  MANAGEMENT 

The  use  of  the  mediterranean  ecosystem  has 
drastically  changed  with  land  tenure  patterns. 
Before  the  Agrarian  Reform  (1965-73)  large  land 
holdings  complemented  their  pasture  utilization 
system  by  the  movement  of  stock  between  ecosystems 
at  different  times  of  the  year.   Two  such  systems 
prevailed.   In  one,  animals  were  raised  in  the 
humid  and  perhumid  zones  and  moved  to  the  semiarid 
ecosystem  to  be  finished.   This  was  possible,  as 
depicted  in  figure  4,  because  the  humid  mediter- 
ranean ecosystem  produces  its  maximal  amount  of 
digestible  energy  during  spring  and  summer. 
Winter  is  cold  and  humid.   The  arid  and  semiarid 
ecosystems  produce  their  maximum  of  digestible 
energy  during  fall  and  winter.   Winter  is  not  very 
cold  but  is  humid.   On  the  other  hand,  beef  prices 
are  minimum  during  fall  and  maximum  during  spring. 
Having  these  in  mind,  farmers  raised  their  animals 
in  the  arid,  semiarid,  or  irrigated  pastures  of 
the  central  zone,  during  fall,  to  be  fed  in  good 
pasture  during  150  days  and  sold  with  530  kg  of 
weight  in  the  season  of  maximum  price. 

The  second  system  corresponds  to  the  "transu- 
mancia,"  by  which  the  animals  were  sent  to  the 
high  mountains  during  summer  and  returned  to  the 
lowlands  for  fall  and  winter.   As  shown  in  figure 
5,  peak  DM  production  at  the  two  altitudes  com- 
plement each  other  very  well.   This  system  was 
employed  principally  in  the  Central  Provinces  of 
the  country  and  especially  applied  to  sheep  pro- 
duction. 

These  two  types  of  animal  management  systems 

produced  long  periods  when  pastures  had  very  low 

or  no  stocking,  giving  a  rest  period  to  the  pas- 
ture and  in  general  more  stability. 

With  Agrarian  Reform,  and  the  resulting  sub- 
division of  land  holdings,  farms  were  limited  to  a 
circumscribed  small  area  and  movement  of  animals 
was  inhibited.   Several  situations  were  produced. 
In  the  humid  and  perhumid  zones,  farms  decreased 
in  size  but  maintained  essentially  the  same  pro- 
duction systems.   In  the  semiarid  and  arid  zones, 
drastic  changes  were  produced,  since  by  virtue  of 
the  smaller  size,  farms  could  not  count  on  a 
highland-lowland  combination.   Farms  in  lowlands 
with  irrigation  turned  to  fruit  production  or 
other  high-profit  crop.   Those  on  nonirrlgated 
lands  tended  to  maintain  the  original  stocking 
rate,  overgrazing  their  pastures  because  they  did 
not  have  the  complement  of  Irrigated  area  for 
winter  feeding. 
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Table  5 — Botanical  composition  of  a  perarid-zone  pasture  of  the 
Chilean  mediterranean  grazed  with  sheep 


Season 


Spring 


Summer 


Fall 


tarly  winter 


Late  winter 


Species 


Stage  of  grazing  cycle 


Early 


Medium 
-Percent- 


Vulpia  dertonensis 
Trisetobromus  hirtus 
Erodium  sp. 
Hordeum  murinum 
Koelenia  phleoides 
Compositae  and  legumes 
Others 

Vulpia  dertonensis 
Trisetobromus  hirtus 
Erodium  sp. 
Koelenia  phieoides 
Compositae  and  legumes 
Proustia  cuneifolia 
Others 

Vulpia  dertonensis 
Trisetobromus  hirtus 
Erodium  sp. 
Hordeum  murinum 
Koelenia  phleoides 
Compositae  and  legumes 
Others 

Vulpia  dertonensis 
Trisetobromus  hirtus 
Erodium  sp. 

Compositae  and  legumes 
Others 

Vulpia  dertonensis 
Trisetobromus  hirtus 
Erodium  sp. 
Others 


39.83 

23.58 

17.25 

1.75 

1.96 

10.72 

4.91 

39.00 
28.41 
19.21 
1.66 
1.24 
7.31 
3.17 

60.42 
13.36 
14.17 
1.30 
1.95 
3.91 
4.89 

65.10 

19.46 

9.40 

2.01 

4.03 

63,27 

19.47 

13.72 

3.54 


60.29 
15.40 
13.60 
2.53 
2.41 
4.33 
1.44 

71.19 

10.90 

8.96 

1.45 


7.5 


Late 


46.6; 
17.6 

12.6 
3.1 

19.9 

53.0 

14.41 
4.8 
3.6 


4.1 


62.93 

66.0 

17.33 

9.7 

7.47 

3.4 

4.00 

■" 

8.27 

20.7 

73.18 

18.0 

19.55 

14.8 

5.18 

- 

2.09 

67.0 

46.27 

48.7 

10.45 

- 

26.87 

17.0 

16.42 

34.1 

Taken   from   Rodriguez    1979. 
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Each  grazing  cycle  lasted  for  20  days. 


Table  6 — Economic  parameters  of  different  agricultural  business  and 
theoretical  land  area  necessary  to  obtain  an  income  equivalent  to  the 
minimum  farm  wage 


Zone  and  type 


Land  price 


Principal  use 
of  the  ecosystem 


Average  return 
to  capital 


Surface  requisd 
per  family 


Morth,  natural  pastures 
North,  with  irrigation 
Central,  natural  pasture 
Central,  with  irrigation 
South 


U.S.$/ha 

300 
2000 

450 
3500 
2300 


Goats 
Fruit 

Sheep,  beef 
Fruit 
Milk,  beef 


Percent 

6 
25 
10 

20 

10 


ha 


40 


102 

7 

3 

7 

41 

0 

2 

64 

8 

04 

There  Is  an  intermediate  point  which  combines 
the  utilization  of  natural  and  cultivated  pastures 
to  take  advantage  of  the  difference  in  seasonal 
growth  pattern  of  the  two  types  of  pasture. 

One  of  the  most  important  conclusions  of  pas- 
ture research  is  that  with  a  rainfall  of  less  than 
500,  fertilizer  effect  is  very  low  and  nonprofit- 
able.   Also,  with  less  than  500  mm,  seeding  of 
cultivated  pasture  is  risky.   With  more  than  900 
mm  of  rainfall,  the  seeding  of  cultivated  pasture 
and  the  incorporation  of  fertilizer  is  highly 
recommended,  producing  an  increase  in  animal 
production  and  profit. 


LITEEIATURE  CITED 


e  4 — Pasture  production  of  humid  and  semiarid 
erranean  ecosystems,  and  its  effect  on  beef 


Coastal  pasture 

»    «  '    <    Aniti   (oot  hills 


)  f 


e  5 — Pasture  production  in  two  complementary 
meaiterranean  ecosystems. 

kL  KLSLAkCh  IN  THE  MEDITERRANEAM  ECUSYSThMS 

cording  to  Paladines  (1980)  85  percent  of  the 
an  pastures  are  natural,  vet  a  very  low 
ntage  of  the  total  pasture  research  has  been 
,ned  to  study  some  productive  or  management 
.cteristic  of  the  natural  pastures. 

'o  schools  of  thought  liave  aeveloped  in  Chile 
:lation  to  the  emphasis  of  pasture  research. 
Jchool  thinks  that  as  natural  pastures  are 
a  large  area,  even  if  the  unit  value  is  not 

any  small  improvement  can  produce  large 
;es  at  the  country  level.   The  other  school 
LS  that  the  potential  of  natural  pastures  is 
.ttle  that  research  priority  must  be  placea  on 
.ntroauction  of  exotic  species,  or  even 
'■V ,   on  the  use  of  irrigation  water. 
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Use  and  Management  of  Mediterranean 
Ecosystems  in  South  Africa— Current 
Problems^ 


F.  J.  Kruger 


Abstract — This  paper  summarises  patterns  of  Ian- 
use  and  management  in  mediterranean-type  eco- 
systems of  South  Africa  and,  in  greater  detail, 
aspects  of  current  management  of  fynbos  mountalt 
catchments.   The  managed  fire  regime  and  how  itls 
likely  to  affect  ecosystems  is  outlined.   Conti- 
versial  questions  about  the  effect  of  fire  fre- 
quency on  species  diversity  and  on  catchment 
nutrient  and  water  balance,  and  about  the  ecolcl- 
cal  effects  of  unseasonal  burning,  indicate  prlri 
ties  for  research.   The  biology  of  invasive  pl^ts 
needs  more  thorough  study.   Techniques  of  applyig 
fire  need  development  to  allow  more  flexible 
management. 


Ecosystems  of  the  mediterranean  type  in  South 
Africa  include  Mountain  Fynbos,  Coastal  Fynbos, 
Coastal  Renosterveld  and  a  mesic  form  of  Strand- 
veld.   These  types  extend  outside  the  mediterra- 
nean climate  into  the  zone  of  all-year  rainfall  but 
I  will  include  these  extensions  here.   Within  this 
zone  are  Knysna  forest,  occurring  where  moisture 
regimes  are  unusually  favourable  (Specht  and  Moll, 
in  press),  and  various  Karoo  formations,  in  areas 
with  rainfall  less  than  about  200  mm/yr;  the 
dynamic  relationships  between  these  and  the 
mediterranean-type  formations  can  be  strongly 
influenced  by  management.   These  ecosystems  have 
been  described  in  general  terms  by  Adamson  (1938), 
Taylor  (1978),  Kruger  (1979)  and  Day  and  others 
(1979). 

The  ecology  and  management  of  Mountain  Fynbos 
ecosystems  were  discussed  at  a  previous  conference 
(Bands  1977,  Kruger  1977a).   A  broader  view  will 
be  presented  here,  before  returning  to  current 
problems  in  Mountain  Fynbos. 

PATTERNS  AND  TRENDS  IN  LAND-USE  AND  MANAGEMENT 

History 

Changes  by  man  to  Cape  mediterranean-type  eco- 
systems during  the  pre-settlement  era  appear  to 
have  been  less  than  in  Chile,  California  and  the 
Mediterranean  Basin  (Aschmann  1973,  Aschmann  and 
Bahre  1977),  especially  in  view  of  the  absence  of 
cultivation,  late  arrival  of  domestic  stock,  and 
absence  of  mining,  and  despite  the  longest  history 
of  occupation  (more  than  250  000  yr — Klein  1977). 
For  example,  available  evidence  suggests  that  major 
changes  in  extent  of  forest  in  the  Holocene  corre- 
late with  climatic  change  rather  than  human  influ- 
ence (Deacon  in  press).   Also,  the  advent  of  pasto- 
ralism,  about  2  000  B.P.,  seems  to  have  had  rela- 
tively little  ecological  effect  overall  because 


^Presented  at  the  Symposium  on  Dymanics  and 
Management  of  Mediterranean-Type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

2Deputy  Director  for  Conservation  Research, 
S.  African  Forestry  Research  Institute,  Dept.  of 
Water  Affairs,  Forestry  and  Environmental  Conser- 
vation, Pretoria,  Rep.  of  South  Africa. 


seasonal  migration  "...  on  a  regular  beat  ..." 
relieved  pressure  on  the  vegetation,  and  stock  as 
confined  largely  to  the  coastal  forelands  (Wilfn 
1969). 

The  changes  that  followed  European  settlemeii, 
real  or  inferred,  influence  present  attitudes  cd 
policy  toward  land  management.   For  example,  mih 
is  made  of  destruction  of  the  native  evergreen 
forest  and  for  the  past  century  there  have  beer 
continual  pleas  for  reconstitution  (e.g.  Brown 
1887,  Phillips  1931,  McKenzie  and  others  1976). 
However,  one  may  infer  from  accounts  in  Katzen 
(1969)  and  elsewhere  rather  that  forests  were  cq- 
fined  originally  to  locally  favourable  habitats 
Acocks'  (1953)  implied  much  wider  extent  of  foist 
is  deceptive.   Exploitation  and  destruction  of 
forests  caused  degrade  and  local  decline  but  n( 
major  landscape  changes  (see  accounts  in  Brown 
1887).   For  Coastal  Renosterveld,  major,  wide- 
spread modification  by  new  grazing  practices,  lom 
a  grassy  shrubland,  to  the  present  rather  low,  pe 
shrub  formation,  is  the  usual  inference  (Acock; 
1953,  Taylor  1978,  Boucher  and  Moll  1981)  and  iis 
is  often  supported  by  historical  evidence  (Wiliii 
1969)  though  the  extent  of  such  change  is  not  <cu 
mented.   Replacement  of  fynbos  on  clay  soil  by 
Elytropappus  is  often  reported  (Taylor  1978;  s< 
also  below).   An  evident  effect  of  settlement  ' 
the  biota  in  general  was  the  local  exterminatli  o 
nine  or  more  species  of  larger  mammal,  and  perlps 
as  much  as  60  species  of  plant  (Bigalke  1969)  a 
surprisingly  small  proportion  of  a  flora  of 
possibly  8  500  species. 

There  appears  to  be  little  evidence  of  chani  i 
the  structure  and  composition  of  fynbos  on  low- 
nutrient  soils,  except  for  the  great  transform; 
tions  locally  that  followed  the  introduction  ai 
spread  of  exotic  trees  and  shrubs  (see  below). 

Present  patterns 

Cook^  has  determined  the  broad  patterns  in 
modern  land-use  in  each  of  the  mediterranean-t;e 


^Cook,  G.   Department  of  Geography,  Univer- 
sity of  Cape  Town.   Unpublished  report  of  the  in- 
bos  Biome  Project.   1980 
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1 — Approximate  extent  of  different  forms  of 
uses  or  cover  types  in  the  major  Veld  Types 
e  mediterranean-climate  zone  of  South  Africa. 

types  according  to  Acocks  1953.) 
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21 
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100 

13  200 

100 
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types,  as  shown  on  standard  topographic  maps, 
lata  are  summarized  in  table  1.   Agricultural 
Lopment  accounts  for  most  landscape  transfor- 
)n.   Overall,  nearly  30  per  cent  of  the  land 
jeen  transformed  from  the  natural  state  (Hall, 
,  estimated  60  per  cent).   But  the  relatively 
Lie  Coastal  Renosterveld  is  disproportionately 
:ted;  Coastal  Fynbos,  though  readily  access- 
,  has  just  about  one-third  under  agriculture 
lountain  Fynbos  has  lost  10  to  15  per  cent  to 
Lopment.   Topography,  climate  and  soil  severely 
:  the  use  of  Mountain  Fynbos.   For  example,  no 

than  a  further  150  sq.  km  is  seen  as  afforest- 
.   Reservoir  construction  and  similar  intensive 
Lopments  create  acute  but  strictly  local  pro- 
5.   Thus  we  see  that  problems  of  management  of 
terranean-type  ecosystems  in  South  Africa  turn 
Jly  on  questions  concerning  the  use  and  manage- 

of  wildlands  or  veld  in  the  natural  condition. 


Lands  in  private  ownership 

There  is  little  published  information  on  how 
wildlands  in  private  ownership  are  used.   What 
follows  is  based  on  personal  observation  and  com- 
munication with  various  colleagues. 

Pasturage — The  relatively  small  remaining  area  of 
renosterveld  is  used  as  rough  pasturage,  on  the 
basis  of  seasonal  grazing  and  patch-burning  (see 
Bands  1977  for  a  discussion  of  patch-burning). 
Injudicious  combinations  of  grazing  and  burning 
leads  rapidly  to  domination  of  the  sward  by  Elytro- 
pappus;  Taylor  (1978)  and  Boucher  and  Moll  (1981) 
discuss  this  problem.   Coastal  Fynbos  is  apparently 
still  extensively  grazed,  also  on  a  patch-burning 
system.   There  is  a  trend  to  integrate  this  use 
with  flower  harvesting  (see  below).   There  are  no 
reports  of  marked  degrade  in  this  type. 


if  wildlands 


Lc  lands 


iblic  lands  that  include  wildlands  in  are 
!•   Of  Strandveld,  around  one  per  cent  is 
Lcly  owned;  of  Coastal  Renosterveld,  about  the 
;  Coastal  Fynbos,  2-3  per  cant,  and  Mountain 
3s,  about  18  per  cent  (Edwards  1974).   These 
nainly  reserves,  either  Provincial  Nature 
rves  or  State  Forests. 

ame  public  land  was  used  for  pasturage  on  a 
2  system  until  the  middle  of  this  century  but 
2  lands  are  now  held  for  nature  conservation  or 
iment  protection,  usually  both.   Bands  (1977) 
lescribed  the  background  to  this  system  and  the 
ition  of  the  methods  of  managing  State  Forests. 


Grazing  of  Mountain  Fynbos,  previously  rather 
widespread,  has  declined  generally  in  response  to 
improved  ley  pastures  in  the  renosterveld  wheat- 
lands  (Wasserman  1979)  and  changing  cultural  and 
economic  factors  (Bands  1977).   Nevertheless,  the 
old  practices  do  survive  in  many  areas  and  present 
a  problem  in  the  control  of  land-use  in  water 
catchments,  especially  in  remoter  rural  areas  with 
relatively  poor  economies. 

Harvesting  of  wildflowers — Of  increasing  importance 
is  a  wildflower  industry  which  has  grown  over  a 
decade  to  a  business  that  brings  in  foreign  ex- 
change of  around  R6  million/yr.   Much  of  this  pro- 
duce comes  from  the  veld  but  the  extent  of  tne  area 
used  in  this  way  is  still  unknown.   Various  pro- 
ducts are  harvested,  from  fresh  blooms  of  Protea- 
ceae  and  other  shrub  taxa  available  mainly  from 
mature  vegetation,  through  various  kinds  of  dried 
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material  including  Proteaceae  capitula  but  also 
shoots  of  Restionaceae  and  Cyperaceae,  optimally 
available  from  vegetation  regenerating  post-fire, 
as  well  as  post-fire  "everlastings",  inflorescences 
of  Helichrysum  spp. 

Much  of  this  use  tends  to  be  exploitative.   The 
markets  and  the  industry  are  new,  many  of  the  har- 
vesters lease  the  right  to  do  so  and  many  in  the 
business  no  doubt  see  it  as  ephemeral.   No  consen- 
sus on  sustained-yield  management  has  yet  emerged. 
Many  practitioners  do  not  presently  allow  fire,  but 
fail  to  consider  regeneration  requirements.   The 
established,  organized  industry  tries  to  promote 
secure  markets  for  quality  products  from  orchards, 
but  this  seems  to  have  had  little  impact  on  use  of 
wildlands.   Flower  harvesting  complicates  manage- 
ment of  Mountain  and  Coastal  Fynbos;  requirements 
for  sustained  yield  management  compatible  with  con- 
servation of  other  resources  must  be  determined  and 
included  in  general  policy. 

Recreational  development — In  many  cases,  land  is 
held  simply  for  its  tourist  and  recreation  poten- 
tial.  A  growing  trend  in  the  mountains  toward 
resort  development  and  for  schemes  for  second 
homes  is  now  discernible,  but  the  extent  and  con- 
sequences of  this  have  yet  to  be  appreciated. 

Invasive  plants 

Hall  (1979)  has  estimated  that  about  a  quarter 
of  the  wildlands  is  occupied  by  exotic  woody 
plants,  to  a  greater  or  lesser  degree.   This  pro- 
blem has  been  thoroughly  described  elsewhere 
(Taylor  1978,  Hall  1979).   The  most  important  in- 
vaders are  Hakea  sericea,  Pinus  pinaster  and  Acacia 
spp.   Several  costs  arise  from  these  invasions 
(Kruger  1977b).   First,  water  yields  from  mountain 
catchments  decline  significantly.   Second,  the  aes- 
thetic, scientific,  educational,  recreational  and 
other  indirect  values  of  the  land  are  diminished. 
Third,  problems  and  costs  of  management,  especially 
of  fire  control,  are  greatly  aggravated.   There  are 
few  or  no  benefits,  aside  from  firewood  harvested 
from  accessible  infestations  in  the  lowlands. 

Though  biological  control  is  seen  as  a  means  to 
long-term  control,  removal  or  eradication  of  pre- 
sent infestations  requires  other  means.   An  effec- 
tive programme  of  control  is  now  applied  to  hakea 
and  pines  in  mountain  catchment  areas.   First,  mea- 
sures are  written  into  long-term  management  plans 
(see  below).   Second,  control  in  any  management 
unit  is  effected  by  (a)  felling  adult  trees  and 
shrubs  (b)  burning  the  slash  with  the  natural  vege- 
tation within  12  months  to  kill  seed  and  seedlings 
and  (c)  biennial  surveys  to  detect  and  remove  any 
escapees.   This  system  reduces  populations  by  seve- 
ral orders  of  magnitude  over  large  areas  (Fenn 
1980),  and  has  the  prospect  with  biological  agents 
of  ensuring  long-term  control  (not  eradication)  of 
these  species.   This  programme  critically  deter- 
mines many  aspects  of  ecosystem  management,  and 
disqualifies  laissez  faire  management  because,  for 
example,  unplanned  fires  cause  invaders  to  prolife- 
rate. 
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RESILIENCE  OF  SOUTH  AFRICAN  MEDITERRANEAN-TYPE 
ECOSYSTEMS 

These  ecosystems  appear  to  vary  significant! 
their  capacity  to  recover  after  disturbance.   S 
resilience  seems  to  correlate  with  climate,  sol 
and  the  nature  of  disturbance.   Under  a  "normal 
fire  regime,  any  biotic  community  appears  to  re 
cover  more  or  less  fully  in  structure  and  compo 
tion  (e.g.  references  in  Kruger  1979,  Van  Wilge 
and  Kruger  1981).   Fynbos  on  low-nutrient  soils 
appears  to  persist  despite  in  the  face  of  many 
forms  of  disturbance.   For  example,  Coastal  Fyn 
appears  highly  stable  under  a  grazing  regime  wi 
patch-burning.   Where  fynbos  on  infertile  soils 
been  deforested  or  cleared  of  weeds,  most  of  th 
original  species  return.   By  contrast,  fynboi 
more  fertile  sandy  loams  or  loams,  especially  w 
rainfall  is  less  than  about  1  000  mm/yr,  is  eas 
changed  by  disturbance.   There,  Elytropappus  in 
vades  readily  with  overgrazing  (Adamson  1938). 
covery  after  clearing  of  exotics  is  incomplete 
best,  and  the  regeneration  is  dominated  by  exot, 
especially  Mediterranean  herbs.   The  same  applil 
to  Coastal  Renosterveld.   In  the  east,  where  su 
rainfall  is  significant  and  grasses  prominent, 
bos  shrubs  are  a  labile  component  of  the  vegeta- 
and  are  reduced  or  exterminated  by  very  frequen 
burning  (Kruger  and  Bigalke  in  press).   In  the 
west,  only  a  small  proportion  of  the  shrub  f lor  i 
eliminated  by  the  most  frequent  burning  practicL4 
(Van  Wilgen  1981b).   These  differences  in  the  od 
city  to  recover  and  their  implications  for  mana;- 
ment  appear  to  need  close  attention  in  researchio 
the  development  of  management  systems. 

PROBLEMS  WITH  POLICY  AND  PRACTICE  IN  MOUNTAIN 
CATCHMENT  AREAS 

Approximately  4  000  sq.  km  of  private  land  ii: 

fynbos  ecosystems  has  been  proclaimed  Mountain , 

Catchment  Area;   ultimately,  nearly  20  000  sq.  p 

of  private  and  State  land  will  managed  integrally 

for  water  conservation.   Three  goals  dominate  p! 

cy  for  Mountain  Fynbos  ecosystems:   (a)  managem 

to  sustain  yields  of  silt-free  water  in  streamsf 

I 
this  on  all  lands,  whether  public  or  private;  ' 

public  lands  (b)  nature  conservation  and  (c)  ai 

secondary  goal,  recreation  opportunity  of  a  kir' 

compatible  with  the  primary  goals.   Fire  contrc 

is  a  general  goal.  [ 

Experience  over  the  past  10  yr  in  applying  t 
policy  has  revealed  certain  pressing  questions 

Present  policy 

Policy  for  mountain  catchment  areas  includes  | 
following  (Bands  1977).  Prescribed  burning  is 
acknowledged  management  tool  and  is  to  be  appli 
in  any  management  compartment  (500  -  2  000  ha  i 
extent)  at  intervals  of  about  12  yr  and  prefers 
in  the  late  summer  though,  in  the  initial  phast 
of  management  when  extensive  areas  of  old  veget 
tion  are  encountered,  burning  at  safer  times  i£ 
permissible.  Control  of  invasive  plants  is  a  I 
requisite.  Management  of  any  given  zone  is  base 
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e-year  plan  which  prescribes  the  measures  to 
iplied  to  each  compartment,  in  a  manner  that 
d  optimally  fulfil  the  goals  for  the  area.   It 
ies  principles  established  in  a  policy  memo- 
im,  in  turn  based  on  the  findings  of  an  inven- 
of  resources. 

irescribed  fire  regime  in  practice 

ilicy  memoranda  have  been  approved,  or  are  in 
ced  stages  of  review,  for  18  management  plans, 
ng  rotations  agreed  to  range  from  9  yr  through 

for  most  areas,  to  15-20  yr  for  dry  north 
IS.   In  certain  areas,  "natural"  burning  re- 
are  to  be  allowed  on  an  experimental  basis: 
1  that  occur  in  any  given  compartment  will  be 
^ed  to  burn  while  confined  to  the  compartment- 
areas  are  usually  in  dry  zones  (rainfall  less 
about  600  mm/yr  on  average)  with  low  fuel 
lulations  and  infrequent  fires  in  the  past. 

le  rotations  laid  down  in  policy  memoranda  are 
lines;   vegetation  is  not  necessarily  burnt  at 
age,  especially  where  fire  has  been  excluded 
le  past.   In  the  Kogelberg,  on  the  eastern 
s  of  False  Bay,  vegetation  had  been  protected 

an  extensive  wild  fire  in  1945,  and  burning 
legun  in  1967  to  rehabilitate  a  rare  species  of 
aceae,  Orothamnus  zeyheri  (Boucher  and  McCann 

Three  compartments,  amounting  to  about  12 
:ent  of  the  area,  are  still  protected,  to  allow 
It  succession,  or  as  long-term  reference  areas, 
issification  by  age  at  time  of  burning  during 
irst  planning  cycle  shows  that  more  than  80 
ent  of  vegetation  was  burnt  at  an  age  of  20  yr 
ire  in  the  first  cycle,  and  50  per  cent  at  over 
Information  for  most  other  areas  covered  by 
;  indicates  the  same  pattern:   most  vegetation 
■  will  be  older  than  prescribed  at  the  time  of 
ng  in  the  first  cycle.   By  the  second  cycle, 
'er,  the  age-class  distribution  would  have  nor- 
;ed  around  the  prescribed  age,  barring  wild- 
I  and  other  accident.   According  to  prescrip- 
;,  nearly  80  per  cent  of  the  area  will  be  burnt 
;es  between  10  and  15  yr  in  the  second  cycle  in 
kogelberg.   A  major  shift  in  regime  is  there- 
under way. 

I  the  Kogelberg,  nearly  50  per  cent  of  the  area 
)een  burnt  in  spring,  and  over  30  per  cent  in 
ir;   Van  Wilgen  (in  press)  shows  that  this 
irn  is  general.   Initially,  spring  burning  was 
iraged  as  being  less  hazardous  with  regard  to 
.on;   now,  burning  between  the  end  of  April 
:he  end  of  August  is  strongly  discouraged, 
.ng  between  the  end  of  February  and  the  end  of 
.  is  recommended  and  the  intention  is  to  limit 
ig  burns  only  to  cases  where  safety  and  the 
load  make  them  unavoidable. 


from  about  1880  (Brown  1887).   Official  instruc- 
tions have  naturally  prohibited  burning  without 
special  authority  during  the  hazardous  season. 
Managers  are  therefore  not  accustomed  to  nor  pre- 
pared for  burning  with  any  safety  during  the  ecolo- 
gically desirable  season. 

No  data  are  available  on  actual  fire  intensi- 
ties, the  third  component  of  fire  regime. 

Issues  in  management  of  Mountain  Fynbos 

Rotation  (frequency)  of  burning 

Moll  and  others  (1980)  have  argued  that  frequent 
fires  have  eliminated  .trees  from  the  fynbos  and 
further  that  the  presence  in  the  flora  of  certain 
Proteaceae  and  other  small  trees  and  shrubs  which 
have  long  youth  periods  indicates  that  prescribed 
burning  regimes  should  have  long  intervals  -  40 
years  and  more  -  between  fires.   However,  avail- 
able data  indicates  that  most  fynbos  shrubs  are 
precocious,  and  the  few  species  with  youth  periods 
of  8-10  yr  and  more  tend  to  occur  in  special  habi- 
tats infrequently  burnt  -  cliffs,  perennially  cool- 
humid  sites,  arid  sites  with  sparse  vegetation  - 
or,  like  Leucadendron  argenteum,  tend  to  survive  as 
adults  protected  by  insulating  bark  (Kruger  and 
Bigalke  in  press).   Further  Bond  (1980)  and 
Van  Wilgen  (1981a,  b)  have  shown  how  certain  Pro- 
teaceae tend  to  enter  senescence  at  ages  of  30-45 
yr.   Bond  (1980)  found  regeneration  from  seed  after 
fire  among  Proteaceae  that  store  seed  in  the  canopy 
and  among  dicotyledons  generally  to  be  much  reduced 
in  senescent  stands,  relative  to  mature  stands. 
Both  suggest  that  fires  at  intervals  greater  than 
20  yr  could  lead  to  changes  in  fynbos,  including 
decreased  plant  species  diversity,  lower  densities 
of  Proteaceae,  and  possibly  less  effective  catch- 
ment cover. 

The  effects  of  fire  frequency,  and  fire  per  se, 
on  catchment  water  and  nutrient  balances  are  still 
controversial.   Van  der  Zel  and  Kruger  (1975)  re- 
ported substantial  decreases  in  flow  with  advancing 
age  of  vegetation  in  a  catchment  at  Jonkershoek, 
however,  analysis  of  new  data  tend  to  confirm  ear- 
lier reports  showing  that  streamflow  response  to 
fire  are  relatively  small  and  short-lived  (Kruger 
and  Bigalke  in  press).   Regarding  nutrient  dyna- 
mics, Van  Wyk  (in  these  proceedings)  adduces  data 
to  show  that,  at  least  in  the  cases  he  has  studied, 
erosion  losses  are  small  after  fire,  changes  in 
streamflow  chemistry  are  short-lived  and,  even  at 
rotations  of  6-12  yr,  there  is  no  evident  net  loss 
of  nutrients  from  the  flush  after  fire.   Patterns 
of  hydrological  response  in  relation  to  biomass 
and  rainfall  regime  need  to  be  examined  to  esta- 
blish the  general  rule. 


le  tendency  to  burn  in  spring  reflects  the 
;ers'  experience.   Although  prescribed  burning 
lot  extensive  before  1967,  firebreaks  have  been 
ired  by  controlled  burns  since  the  institution 
.re  control  in  the  Cedarberg  around  1900  and 
extensive  protection  of  native  rain  forests 
:oniferous  plantations  in  the  Tsitsikamma  area 


Season  of  burn 

The  present  seasonal  pattern  of  the  managed 
fire  regime,  if  maintained,  is  likely  to  degrade 
fynbos.   For  example,  Jordaan  (1949,  1965)  pre- 
dicted and  demonstrated  how  a  winter  burn  elimi- 
nated or  severely  reduced  certain  Proteaceae. 
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Bond  (1980,  and  personal  communication)  has  repor- 
ted similar  results  from  the  Swartberg,  east  of 
Jordaan's  study  area. 

Effects  of  season  or  burn  on  catchment  condi- 
tion are  hypothetically  important.   Burns  before 
the  winter  rains  expose  the  soil  to  erosion  and 
ashed  nutrients  to  leaching.   Van  Wyk's  work  does 
not  clearly  show  such  effects,  because  rains  after 
the  experimental  fires  were  small.   Nevertheless, 
field  observers  report  apparently  increased  wash, 
and  deflation  by  berg  winds,  following  late  autumn 
and  winter  fires  (Bands,  Bond,  pers.  comm.). 

Fire  intensity 

No  experimental  information  is  available  on 
the  effect  of  different  fire  intensities  on  subse- 
quent regeneration  and  development  of  fynbos  com- 
munities, nor  of  the  spectrum  of  intensities  en- 
countered in  the  normal  range  of  prescribed  and 
wild  fires.   In  view  of  results  reported  elsewhere 
(e.g.  Warcup  1981),  a  shift  in  mean  fire  intensity 
is  likely  to  alter  vegetation  composition;  managed 
fires  may  have  important  effects  of  this  kind. 

Size  of  burn 

Current  evidence  indicates  that  most  fynbos 
plant  species  do  not  disperse  seed  any  great  dis- 
tance, and  dispersal  is  apparently  effective  main- 
ly in  securing  safe-sites  locally  (e.g.  Bond  1980). 
Seed  and  plant  predators  take  a  heavy  toll,  espe- 
cially where  old  vegetation  offers  shelter  (Bond 
1980).   Predation  is  much  reduced,  or  eliminated, 
in  burns  depending  on  the  proximity  of  shelter, 
mainly  in  the  form  of  unburnt  vegetation.   This  in- 
teraction between  predation  and  fire  may  have  cru- 
cial effects  on  plant  species  populations,  as  in 
Widdringtonia  cedarbergensis  (Luckhoff  1971),  and 
the  effect  will  in  a  large  measure  be  mediated  by 
size  of  burn.   Size  of  burn  is  also  important  where 
local  animal  migrations  occur.   Size  of  prescribed 
burn  corresponds  with  compartment  size,  which  is 
determined  by  practical  considerations  (time  to 
complete  the  job)  and  economy,  as  well  as  inferred 
ecological  arguments. 

CONCLUSION  -  RESEARCH  REQUIREMENTS  IN  CATCHMENT 
MANAGEMENT  AND  NATURE  CONSERVATION 

General  requirements  -  understanding  the  basics 

No  consensus  on  appropriate  land-use  zoning  and 
land  management  practices  will  develop  without  stu- 
dies that  allow  a  proper  depth  of  understanding  of 
past  and  present  ecosystem  structure  and  function- 
ing.  The  general  requirements  may  be  classified  as 
follows: 

(a)  Palaeobiological  and  historical  studies; 
clarify  essential  features  of  past  eco- 
system dynamics,  especially  regarding  the 
influence  of  man. 

(b)  Biogeography:   comprehensive  biogeographic 
studies  of  the  complex  patterns  of  fynbos 


are  required  as  a  basis  for  planning  |ion 
servation  systems,  predicting  the  coii|e- 
quences  of  land-use  patterns,  and  accjnm 
dating  ecological  heterogeneity  in  malaj 
ment  systems.  1 

(c)  The  physiological  ecology  of  plants  ;d 
animals  in  the  special  conditions  of  li 
mate  and  nutrition  of  these  ecosystei, 
need  study  to  the  point  that  the  inh«j|eri 
tolerances  to  management  may  be  undei; 
stood. 

(d)  Patterns  and  trends  in  land-use  are  )or 
ly  perceived,  have  a  marked  effect  oij 
management,  and  must  be  clarified  toll] 
rational  policy. 

The  ecological  effects  of  fire 

There  are  inherent  conflicts  in  goals  of  m^aj 
ment,  for  example  between  fire  control  and  na  ire 
conservation,  each  of  which  tends  to  inf luenci  tb 
choice  of  prescribed  regime  in  one  direction  f 
another.   What  is  required  is  the  knowledge  tijpi 
diet  and  evaluate,  in  ecological  and  other  te  is, 
the  outcome  of  a  shift  in  regime  one  way  or 
another,  as  well  as  that  of  a  choice  between  i 
variable  regime  as  opposed  to  a  relatively  ri;j.d 
one,  and  of  the  pattern  and  scale  of  burning.  i|Tt 
will  need  additional  information  in  the  follolnf 
fields.  I 

Hydrological  and  mineral  cycles — Modelling,  al 
additional  experiments  for  validation;   specij- 
cally  a  much  better  understanding  of  the  dyna  cs 
of  nutrients  in  the  plant-litter-soil  system  ; 
needed. 

i 
Plant  demography — Predicting  the  interactions! 

between  the  fire  regime  and  vegetation  dynamili 
needs  much  better  understanding  of  plant  life 
cycles.   Patterns  in  the  distrubution  of  spec !S 
with  unusual  life-cycles,  especially  long  you  i- 
periods,  need  investigation. 

Plant-animal  interactions — Vertebrates  and  insr- 
tebrates  appear  to  play  a  key  role  in  the  funpic 
ing  of  especially  fynbos  plant  coiununities,  troi 
predation  on  seed  and  seedlings,  pollination  id 
dispersal.  The  fundamental  aspects  of  plant-jjiiii 
interactions  must  be  determined  before  fire  r!!;!! 
can  be  managed  with  any  confidence. 

Fire  technology — Means  of  predicting  fire 
behaviour,  in  the  form  of  fire  danger-rating 
models,  need  to  be  developed  ugently  to  allowioi 
flexible  management,  and  especially  the  technfiu« 
to  burn  in  the  ecologically  desirable  season. 

Ecology  of  invasions  | 

t 

Increased  efficiency  of  present  control  meSiui 

depends  on  a  better  understanding  of  the  bioljy 

the  target  species.   Long-term  management  of  le 

complex  of  pest-plants  will  require  understanjinj 
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le  invasion  process  as  such.   Among  the  many 
tions  requiring  attention,  for  example,  is 
ghnessey's  (1980)  hypothesis,  that  most  "inva- 
"  is  owing  to  past  propagation  by  man:  whether 
3t  this  is  valid  for  a  given  species  will 
imentally  determine  approaches  to  management  of 
problem.   What,  therefore,  are  the  actual  pro- 
»s  of  invasion  and  what  characters  of  demo- 
tiy  and  ecophysiology  especially  fit  an  invasive 
les  for  success  in  this  environment,  especially 
;  nutrients  are  apparently  limiting?   Is  dis- 
ince  a  prequisite  for  invasion,  and  if  so,  what 
re  of  disturbance? 
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tiple  Use  Management  in  a  Mediterranean 
system — the  Jarrah  Forest,  a  Case  Study^ 

Shea' 


Abstract:   The  jarrah  (Eucalyptus  marginata  Sm.) 
forest  of  southwestern  Australia  extends  over  2h. 
million  hectares.   In  addition  to  the  climatic 
constraints  on  the  formation  of  high,  dense  for- 
est, the  soils  are  impoverished  and  the  vegetation 
is  subject  to  frequent  fire.   As  a  consequence, 
the  forest  has  developed  unique  adaptations.   For 
150  years,  hardwood  timber  production  was  the 
principle  objective.   Now,  there  are  true  multiple 
use  demands  plus  special  disease  problems  and 
political  constraints.   This  paper  describes 
approaches  to  multiple  use  forest  management  in 
the  presence  of  severe  biological  and  political 
constraints. 


he  jarrah  (Eucalyptus  marginata  Sm.)  forests 
astern  Australia  are  located  in  the  south- 
ern corner  of  the  State  and  extend  over  1.5 
ion  hectares.   The  dominant  species,  jarrah, 

high  quality,  durable  hardwood  and  the  forest 
been  exploited  for  timber  over  the  151  years 
e  European  settlement  of  the  State  (fig.  1). 
ing  of  the  forest  in  the  first  100  years 
owing  European  settlement  was  uncontrolled, 
in  1918  forest  management  was  placed  under  the 
rol  of  a  professionally  directed  forest  ser- 
in the  following  40  years,  traditional 
wood  forest  management  practices,  for  example, 
ntory,  fire  protections,  thinning  and  regener- 
in,  etc.,  were  progressively  introduced, 
gement  and  research  intensified  in  the  20 
s  following  the  second  world  war  but  was 
St  entirely  concerned  with  regulation  of 
er  exploitation,  improving  timber  production, 
protection  from  fire. 

he  1960 's  saw  the  beginning  of  a  series  of 
r  events  which  have  resulted  in  radical 
iges  in  jarrah  forest  management  and  research. 
965,  the  causal  organism  of  a  serious  forest 
ase,  "Jarrah  Dieback,"  was  identified  as  an 
educed  soil-borne  fungus  Phytopthora  cinnamomi 
,s  (Podger  1972)  (fig.  2).   By  the  late  1960's, 
eased  recreational  use  of  the  forest,  together 
I  greater  public  awareness  environmental 
les,  caused  intensive  public  questioning  of 
idard  management  practices  such  as  prescribed 
ling.   During  this  period,  the  whole  forest  was 
;ed  under  a  lease  for  bauxite  mining,  and  strip 
.ng  for  bauxite  commenced.   A  series  of  severe 
ights,  an  increased  demand  for  water,  and 
ous  salination  of  irrigation  and  domestic 
ir  supplies  resulting  from  clearing  of  forest 
woodland  areas  for  agriculture  focused  atten- 
1  on  the  catchment  protection  values  of  the 
sst  (fig.  3). 
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Many  of  the  unique  characteristics  of  the 
forest  fire  regime,  hydrology,  and  pathology  can 
be  attributed  to  the  Mediterranean  environment. 
These  characteristics  are  summarized  and  discussed 
in  relation  to  multiple  use  management. 


THE  JARRAH  FOREST  ENVIRONMENT 

Climate 

Rainfall  occurs  predominantly  in  the  5  months 
from  May  through  to  September  and  averages  128  cm 
annually.   Little  or  no  "effective"  rainfall  falls 
from  December  to  March,  and  daily  potential  evapo- 
transpiration  rates  exceeding  1  cm  are  common 
during  this  period.   Spatial  variation  in  poten- 
tial evapotranspiration  is  small  within  the  for- 
est, but  rainfall  is  at  a  maximum  at  the  western 
margin  of  the  forest  (178  cm)  and  declines  to  less 
than  76  cm  on  the  eastern  boundary. 


Landform  and  Soils 

The  forest  is  located  on  the  western  boundary 
of  the  ancient  and  extensively  laterized  Great 
Plateau  of  Western  Australia.   The  river  systems 
in  the  western  edge  of  the  plateau  have  been 
rejuvenated  following  uplift  and  formation  of  the 
Darling  Scarp  which  forms  the  western  boundary  of 
the  forest.   Thus,  within  the  forest  zone,  there 
is  a  succession  of  valley  types  characterized  by 
varying  degrees  of  incision. 

Soils  consist  of  fully  developed  laterites  or 
are  formed  on  truncated  laterites  or  colluvium. 
The  laterites,  which  are  the  predominant  soil 
type,  consist  typically  of  10  to  20  cm  of  sandy 
loam  in  a  gravel  matrix  underlain  by  concreted 
laterite  and/or  unconsolidated  laterite  to  a  depth 
varying  between  2  to  16  meters  which  is  in  turn 
underlain  by  a  deep  horizon  of  pallid  zone  clay 
(Shea  and  others  1975). 


Vegetation 

Overstory  composition  can  be  used  to  broadly 
categorize  the  vegetation,  although  there  are 
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Figure    1 — Virgin   jarrah    forest, 
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re  2 — Jarrah  Dieback,  a  disease  caused  by  the 
-borne  fungus  Phytopthora  clnnamomi . 


FOREST  HYDROLOGY 

The  two  outstanding  features  of  jarrah  forest 
hydrology  are  the  low  water  yields  and  the  pres- 
ence of  large  salt  accumulations  in  the  soil 
profile  in  some  forest  areas.   The  average  percent 
water  yield  from  fully  forested  catchments  varies 
from  10  to  20  percent  in  the  western  high  rainfall 
zone  of  the  forest  to  less  than  1  percent  in  the 
eastern  low  rainfall  zone.   Total  salt  content  of 
the  soil  profile  may  exceed  500,000  kilograms  per 
hectare.   Salt  concentration  is  generally  low  in 
the  western  zone  of  the  forest,  increasing  with 
distance  from  the  Darling  Escarpment,  but  there 
are  significant  departures  from  this  gradient. 

The  low  yield  and  salt  accumulations  in  jarrah 
forest  catchments  are  a  consequence  of  the  Medi- 
terranean climate,  the  presence  of  deep  soil 
profiles  with  a  high  moisture  storage  capacity, 
and  the  method  by  which  the  forest  vegetation  has 
adapted  to  the  environment  (Shea  and  others  1975). 
Between  31  and  133  kilograms  of  salt  per  hectare 
are  deposited  annually  in  rainfall  in  the  forest 
(Peck  and  Hurle  1972).   In  high  rainfall  areas  or 
where  soils  are  shallow,  most  of  this  salt  is 
flushed  through  the  soil  profile.   However,  in 
approximately  two-thirds  of  the  forest,  there  is  a 
net  accumulation  of  salt.   This  is  a  consequence 
of  the  ability  of  the  vegetation  to  maintain 
transpiration  rates  approximating  the  potential 
rate  throughout  the  year. 

The  exploitation  of  the  water  stored  in  the 
soil  profile  during  the  summer  months  is  only 
possible  because  of  the  development  of  extensive 
vertical  root  systems  (Kimber  1974). 

Stream  salinity  levels  in  forested  catchments 
are  usually  less  than  250  ppm  T.D.S.,  even  though 
there  are  large  salt  storages  in  the  soil  profile 
because  the  system  is  in  equilibrium.   Removal  of 
the  forests  by  disease  or  changes  in  land  use 
practices  disturbs  the  equilibrium  and  excess  salt 
discharge  occurs.   For  example,  weighted  average 
stream  salinities  in  excess  of  18,000  ppm  T.D.S. 
have  been  recorded  in  streams  discharging  from 
catchments  which  have  been  cleared  for  agriculture 
(Peck  and  Hurle  1972)  . 


JARRAH  DIEBACK 


rous  vegetation  types  that  are  associated  with 
Lcular  climatic  and  edaphic  conditions  (Havel 
).   The  predominant  type  is  dominated  by 
ih  and  occurs  on  the  lateritic  uplands.   Marri 
ilyptus  calophylla  R.  Br.)  forms  a  minor 
3nent  of  the  overstory;  Banksia  species  are 
najor  components  of  the  understory,  and  numer- 
species  form  the  shrub  layer.   In  the  western 
-ys,  Eucalyptus  patens  Benth.,  Eucalyptus 
-arpa  S.  Muell,  and  marri  replace  jarrah  in 
sverstory.   In  the  eastern  valleys.  Eucalyptus 
30  Blakely  and  Eucalyptus  rudis  Endl.  are  the 
lant  overstory  species. 


Small  areas  of  dying  forest  were  first  recorded 
shortly  after  the  turn  of  the  century.   The 
effected  area  increased  slowly  up  until  the  end  of 
the  second  world  war.   In  the  decade  following  the 
end  of  the  war,  the  tramline  system  of  log  removal 
was  replaced  with  one  based  on  log  trucks  which 
required  the  development  of  an  extensive  roading 
system.   The  rate  of  disease  development  increased 
dramatically  during  the  period  and  by  1972,  10 
percent  of  the  forest  was  severely  diseased.   As 
the  severity  of  the  disorder  increased,  research 
was  intensified  but  it  was  not  until  1966  that  the 
causal  organism,  Phytopthora  cinnamomi  Rands,  an 
introduced  soil-borne  fungal  pathogen,  was 
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Figure  3 — Aerial  view  of  bauxite  mines  and  water 
reservoir  within  the  jarrah  forest. 


identified  (Podger  1972).   The  pathogen  causes 
death  of  susceptible  species  by  destruction  of  the 
root  system  and/or  invasion  of  the  lower  stem. 

The  rate  of  disease  development  varies  with 
site  and  climatic  conditions  (Shea  1975).   How- 
ever, in  many  forest  sites,  the  end  consequence  of 
introduction  of  the  pathogen  is  death  of  jarrah 
trees  of  all  ages  and  sizes  and  the  majority  of 
the  species  comprising  shrub  and  understory  layer 
of  the  forest.   Consequently,  most  forest  values 
are  severely  reduced  in  diseased  areas.   The 
disease  is  concentrated  in  the  western  low  salin- 
itv  zone  of  the  forest  where  destruction  of  the 
forest  does  not  cause  a  deterioration  of  water 
quality.   however,  the  disease  has  caused  salina- 
tion  in  some  microcatchments  where  it  has  extended 
into  the  saline  zone  (Shea  and  others  1975). 


Fungal  spores  can  be  transmitted  in  minute 
quantities  of  soil  provided  it  is  moist.   Henc- 
any  activity  which  results  in  transmission  of  \e 
soil  can  result  in  the  establishment  of  a  new 
infection.   The  fungus  can  move  passively  in  w. 
running  overland.   Upslope  extensions  through 
roots  of  highly  susceptible  species  can  occur  *. 
an  average  rate  of  approximately  50  to  100  cm  r 
year  (Shea  1975). 


Following  the  discovery  of  the  causal  organim 
research  was  primarily  directed  towards  documei|:- 
ing  the  relationship  between  the  pathogen  and  "e 
forest  environment  (Shea  1975).   P.  cinnamomi 
water  mold  and  requires  high  soil  moisture  levi  s 
and  soil  temperatures  greater  than  15°  C  to  coi' 
plete  the  asexual  phase  of  the  life  cycle.   Th(| 
fungus  cannot  withstand  prolonged  soil  drying.)! 
moisture-gaining  sites  within  the  forest,  enviin 
mental  conditions  are  suitable  for  survival  an<' 
reproduction  for  long  periods  during  the  year. 
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BT ,   on  free-drained  sites  in  the  forest, 
constitute  between  60  to  80  percent  of  the 
t  area,  the  relationship  between  the  fungus 
tie  soil  environment  is  finely  balanced  (Shea 
thers  1980).   During  the  summer  months,  soil 
Lire  levels  are  too  low  for  asexbal  reproduc- 
and  survival  of  spores  outside  large  roots  is 
ed.   During  winter,  fungal  spores  can  survive 
oil  temperature  levels  are  too  low  for 
al  reproduction.   Hence,  the  periods  during 

the  pathogen  can  reproduce  are  restricted  to 
ively  brief  periods  in  spring  and  autumn  when 

is  a  coincident  of  favorable  soil  moisture 
emperature  conditions.   The  capacity  of  the 
gen  to  cause  extensive  disease  on  free- 
ed  sites  within  the  forest,  even  though  the 
onment  on  these  sites  is  only  marginally 
able  for  fungal  pathogenicity,  is  attributed 


Extensive  distribution  of  fungal  spores  and 
ium  in  soil  carried  on  vehicles. 

The  presence  of  a  highly  susceptible  dense 
story  of  Banks ia  grandis .   (P^.  cinnamomi  can 
e  the  large  horizontal  roots  and  lower  stem 
is  species,  thus  fungal  extension  can  occur 
dless  of  soil  physical  conditions.) 

Soil  and  canopy  disturbance  which  prolongs 
eriods  during  which  the  soil  physical  envi- 
nt  is  suitable  for  asexual  reproduction  and 
!  transmission. 

The  occurrence  of  severe  annual  summer 
;ht  stress  which  increases  the  probability 
species  with  root  systems  damaged  by  the 
>gen  will  succumb  to  drought. 


the  whole  forest  on  a  5-  to  7-year  cycle  has  been 
developed  (Shea  and  others  1981). 

The  hazard  reduction  burning  program  has  re- 
sulted in  a  marked  reduction  in  the  area  burnt  by 
uncontrolled  wildfire  (Shea  and  others  1981). 
Broad  scale,  low-intensity  hazard  reduction  burn- 
ing currently^remains  the  only  practical  method  of 
fire  management  in  the  forest.   However,  it  is 
highly  improbable  that  periodic  low-intensity 
burning  in  spring  duplicates  the  "natural"  fire 
regime,  and  research  is  being  directed  to  deter- 
mine if  there  are  long-term  adverse  effects  of 
this  burning  regime  on  the  forest  ecosystem,  and 
if  fire  can  be  used  as  a  management  tool  for 
purposes  in  addition  to  hazard  reduction.   For 
example,  low-intensity  burning  disfavors  the 
regeneration  of  a  leguminous  understory  because 
heat  penetration  from  normal  hazard  reduction 
burns  is  not  sufficient  to  stimulate  germination 
of  leguminous  seed  stored  in  the  soil  (Shea  and 
others  1979).   It  is  possible  that  the  absence  of 
a  leguminous  understory  could  have  an  adverse 
effect  on  forest  fertility  (Shea  and  Kitt  1976) 
and  fauna  habitat  (Christenson  1980). 


FOREST  MANAGEMENT  AND  RESEARCH 

Objectives 

The  importance  of  the  catchment  protection 
function  of  the  forest  to  the  southwest  of  Western 
Australia  has  placed  maintenance  of  water  quality 
as  the  first  priority  of  forest  management.   Where 
other  land  use  practices  do  not  conflict  with 
water  quality  maintenance,  the  objectives  of 
forest  management  is  to  maximize  timber,  conserva- 
tion, and  recreational  values  in  perpetuity. 


irly  forest  managers  were  strongly  influenced 
iropean  forest  practices  and  for  the  first  35 
i  following  the  introduction  of  management,  a 
:y  of  complete  protection  from  fire  was 
:ed .   By  the  early  1950's,  it  became  apparent 
a  fire  exclusion  policy  was  not  practicable 
that  the  vegetation  was  adapted  to  fire. 
)ugh  exploitation  of  the  forest  for  timber 
;ased  the  intensity  of  wildfires  and  the 
lency  of  these  conflagrations  was  probably 
iased  by  accidental  and  deliberate  ignition  by 
sean  man,  there  is  evidence  that  Aboriginal 
ised  fire  as  a  management  tool  for  thousands 
2ars  prior  to  European  settlement.   Even  in 
absence  of  man,  it  is  unlikely  that  the  forest 
1  remain  unburnt  for  long  periods  in  a  Medi- 
anean  environment  when  ignition  from  lightning 
kes  is  common  (Shea  and  others  1981). 

ol lowing  the  failure  of  the  fire  exclusion 
tegy,  a  program  of  periodic  low-intensity 
cribed  burning  was  introduced  with  the  single 
ctive  of  hazard  reduction.   Over  a  period  of 
ears,  a  sophisticated  low-cost  prescribed 
ing  program  involving  rotational  burning  of 


Site  Classification 

A  system  of  site  classification  is  being  devel- 
oped as  the  basis  for  the  resolution  of  land  use 
conflicts  and  the  development  of  specific  manage- 
ment strategies.   The  most  important  site  charac- 
teristic is  the  presence  or  absence  of  significant 
salt  accumulations  in  the  soil  profile.   When  salt 
is  present,  any  activity  which  reduces  canopy 
density  for  prolonged  periods  has  the  potential  to 
cause  salination.   The  forest  has  been  classified 
into  three  broad  zones  based  principally  on  rain- 
fall isohyets — saline  (eastern  forest),  nonsaline 
(western  forest),  and  an  intermediate  zone  where 
salinity  is  variable.   Within  each  zone  priority, 
land  uses  are  designated  primarily  according  to 
disease  presence,  landform,  and  vegetative  type. 
A  system  of  ecological  site  typing  based  on  indi- 
cator species  has  been  developed  (Havel  1975)  and 
is  used  to  assist  designation  of  priority  land 
uses.   For  example,  within  the  western  low  salt 
zone  sections  at  the  steeply  incised  river  valleys 
which  constitute  a  rare  ecological  type  have  been 
designated  conservation  priority  areas,  upland 
disease-free  sites  would  have  a  timber  production 
priority,  whereas  similar  sites  which  are  heavily 
diseased  would  have  a  water  production  priority. 
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Catchment  Management 

In  high  salinity  areas,  the  management  aims  to 
maintain  the  native  vegetation  or  where  it  has 
been  removed  by  disease  or  prior  land  use  prac- 
tices, establishment  of  species  which  would  re- 
store the  hydrological  equilibrium.   The  rehabili- 
tation of  disturbed  forest  areas  in  salt-prone 
forest  areas  is  a  major  problem.   It  is  impossible 
to  reestablish  jarrah  in  these  areas  because  of 
the  susceptibility  to  _P.  cinnamomi.   Hence,  intro- 
duced species  which  are  resistant  to  this  pathogen 
must  be  used,   however,  in  addition  to  disease 
resistance,  the  selected  species  must  have  the 
capacity  to  grow  in  a  Mediterranean  climate,  on 
soils  with  unfavorable  physical  and  nutrient 
conditions,  in  an  environment  which  is  subject  to 
periodic  fire  of  varying  intensities  while  main- 
taining high  evapotranspiration  rates.   Currently, 
no  species  have  been  identified  which  meet  these 
criteria  (Bartle  and  Shea  1978). 

In  the  nonsaline  forest  zone,  it  is  possible 
that  significant  increases  in  the  yield  of  high 
quality  water  could  be  achieved  by  thinning  (Shea 
and  others  1975).   It  is  possible  that  thinning 
for  water  production  can  also  be  made  compatible 
with  timber  production.   Current  research  is 
directed  towards  determining  the  range  of  canopy 
and  stand  densities  which  provide  maximum  water 
production  while  maintaining  maximum  wood  incre- 
ment on  the  minimum  number  of  trees. 


Disease  Management 

Currently,  the  only  method  of  reducing  the 
impact  of  P^.  cinnamomi  on  the  forest  is  by  re- 
stricting its  spread  by  man.   Following  the  iden- 
tification of  P.  cinnamomi  as  the  causal  organism, 
intensive  sanitation  procedures  were  introduced. 
When  it  became  apparent  that  these  procedures  were 
not  adequate,  the  eastern  two-thirds  of  the  forest 
corresponding  to  the  high  salt  zone  were  placed 
under  quarantine  (Shea  1978).   Detailed  aerial 
color  photography  is  being  used  to  permit  precise 
identification  of  diseased  areas  within  this  zone 
so  that  management  procedures  based  on  avoidance 
of  sources  of  inoculum  can  be  developed. 

The  most  promising  approach  to  control  is  based 
on  manipulation  of  the  forest  environment  by 
changing  the  prescribed  burning  regime.   Prior  to 
exploitation  of  the  forest,  Banksia  grandis  only 
occurred  as  a  scattered  component  of  the  forest. 
Disturbance  and  fire  exclusion  or  low-intensity 
fire  has  favored  this  species,  and  it  currently 
forms  a  dense  understory  on  most  upland  sites. 
The  presence  of  this  highly  susceptible  understory 
is  a  major  contributor  to  the  spread  and  intensi- 
fication of  the  disease.   It  has  been  shown  that  a 
moderate-to-high-intensity  fire  regime  will  sig- 
nificantly reduce  _B.  grandis  density  and,  in  many 
forest  sites,  result  in  its  replacement  by  an 
understory  of  leguminous  species.   It  is  possible 
that  this  could  cause  a  significant  reduction  in 
disease  intensity  by  (1)  reducing  the  susceptible 
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food  base  available  to  the  pathogen,  and  (2) 
creating  a  soil  physical  and  microbiological 
environment  unfavorable  for  pathogen  survival 
reproduction  (Shea  1975,  1978;  Shea  and  others 
1980). 


Timber  Production 

Various  modifications  of  the  selection  cut 
system  of  silviculture  have  been  applied  over 
period  since  management  was  imposed.   The  prin' 
pal  species,  jarrah,  has  a  lignotuberous  form 
regeneration  has  not  been  considered  a  signifi 
problem.   The  major  factor  affecting  timber  pr 
duction  is  Jarrah  Dieback,  and  the  presence  or 
absence  of  the  disease  is  the  major  factor  aff 
ing  logging  and  silvicultural  procedures.   In 
quality  regrowth  stands,  there  is  considerable 
potential  to  shorten  rotation  ages  and  increas 
log  value  by  thinning,  as  the  species  does  not* 
thin  naturally  (Kimber  1976).   However,  thinnii 
programs  have  been  stopped  because  it  is  uncert 
whether  the  investment  in  thinning  would  be  re 
turned  because  of  the  threat  from  Jarrah  Dieba':  ' 
and  competing  land  uses  (e.g.,  bauxite  mining)  ' 


Conservation 

Conservation  is  recognized  as  an  important 
management  objective  throughout  the  forest  but  n 
areas  with  special  floral  or  faunal  components 
conservation  is  the  first  management  priority. 
For  example,  an  area  of  40,000  hectares  in  the 
southwestern  corner  of  the  forest  where  27  dif  r- 
ent  mammal  species  have  been  recorded  has  been 
designated  a  fauna  priority  area  (Christenson 
1978).   One  of  the  major  factors  affecting  fau 
is  fire  regime  and  a  specific  fire  management  ai 
which  provides  for  varying  combinations  of  fir 
intensity  and  frequency,  which  will  ensure  preir* 
vation  of  major  habitat  types  while  minimizing' 
fire  hazard,  has  been  proposed  (Christenson,  c'a 
in  Shea  and  others  1981). 


Bauxite  Mining 

Economic  grades  of  bauxite  ore  occur  in  podiOi 
the  ridge  or  upper  slopes.   Up  to  20  to  30  perciffl 
of  the  forest  may  have  mineable  ore  in  high  grille 
areas  within  the  western  zone  of  the  forest,  bi 
the  percentage  decreases  in  the  central  and  eas- 
ern  zones  of  the  forest.   Mining  involves  remo^|l 
of  the  surface  soil  horizons,  blasting  and  extib 
tion  of  the  bauxite  ore  to  a  depth  of  2  to  6  m. 
and  replacement  of  the  surface  soil.   Following 
ripping  of  the  sites  to  a  depth  of  2  meters,  tl 
sites  are  planted  with  a  variety  of  tree  specie 
and  direct  seeded  with  native  shrub  species. 


Mining  results  in  loss  of  forest  in  the  mine- 
over  areas  and  the  forest  areas  adjacent  to  anc 
downslope  from  the  mine  pits  and  predisposed  tc 
Jarrah  Dieback  because  of  the  spread  of  the  patD 
gen  in  infected  soil  during  the  mining  process  n 
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lisruptlon  of  drainage  which  favors  survival, 
iduction,  and  transmission  by  the  pathogen, 
.al  growth  rates  of  the  tree  species  which 
been  established  on  the  mine  pits  has  been 
,  but  their  capacity  to  survive  In  the  long 
In  an  environment  which  Is  not  conducive  to 
growth  Is  not  known  (Bartle  and  Shea  1979). 


.bSlUhS 

le    Interactions   between   fire   regime,   hydrology 
llsease,    and   different    land   use   practices  are 
lajor   factors   contributing    to    the   complexity 
iltlple   use  management    In   the   jarrah   forest, 
ixample,   any   land   use   practice   that   results    In 
lovement    of    soil    can   cause   spread    of    Jarrah 
ick   and   aestructlon  of    the   forest.      Loss   of 
It   cover   In  salt-prone   areas   can  cause   sallna- 

The   species   used    to   rehabilitate  disturbed 
It   areas   must    be   resistant    to   P.    cinnamomi. 
>   possible    that    fire   could   be    used    to    reduce 
ise   susceptibility,    but    the    presence   of    fire 
factor   In   the   environment   also   means    that 
.es   used    to   rehabilitate   disturbed   areas   must 
Lre    tolerant. 

Lven   the   complexity   of    the   jarrah   forest 
^stem  and   the   severe   conflicts   between  some 
use   practices.    It    Is   not   surjjrlslng    that 
jement   strategies   which   will   satisfy   the 
[pie    use   objectives   are   still    being   developed. 
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Chaparral  in  Southern  California^ 


Robert  R.  TyrreP 


Description  of  Southern  California  Chaparral 

The  term  chaparral    comes   from  the  Spanish  word 
"chaparro"   because  the  early  Spanish  explorers 
were  reminded  of  the  dense  scrub  oak   found   in  the 
Mediterranean  Region.     Today,   the  term  is  applied 
to  dense  evergreen  brushfields   in  general. 
Chaparral    lands  in   this  discussion  will    include 
predominantly  brush-covered  lands  and  brush- 
hardwood-conifer  transition  zones,   transected  by 
riparian  vegetation. 

Chaparral    vegetation   is  a  product  of  a 
"Mediterranean"   climate  system.     In  Southern 
Cal ifornia, Mediterranean-type  climate   is 
characterized  by  moderate,  moist  winters  with 
long,   hot,  dry  summer  periods.     Rainfall    is 
generally  sparse  (12  to  24   inches/300-600  run)   and 
often  occurs   in  a  few  high  intensity  winter 
storms,     Sumner  temperatures  often  exceed  100 
degrees  Fahrenheit  (38  degrees  Centigrade)   and 
relative  humidities  are  low,    sometimes  dropping 
to  less  than  5  percent.     Most  critical    for 
management  are  the  dry  and  often  warm  Santa  Ana 
winds,  blowing   from  the  desert  to   the   sea   and 
sometimes   reaching   up  to  100  miles  per  hour  (160 
kph). 

Most  of  the  chaparral    in  Southern  California 
Mountain  Ranges   is   found  at  elevations  between 
1,000  and  10,000  feet  (300  and  3000  meters). 
Typically,   these  ranges  are  geologically  young 
and   still    growing.     A  high  percentage  of 
chaparral    is   found  on   steep   slopes.     Soils  vary 
considerably  depending  on   topography,   geology  and 
climate  prevailing   in  a  particular  area.     Soils 
throughout  the   range  are  generally  very  porous, 
consisting  mostly  of  decomposed  granite. 
Chaparral    soils  tend   to  be  very  low  in  essential 
plant  nutrients,  with   nitrogen  often 
the  most  limiting   nutrient.     Following   fires, 
erosion  rates  can  be  extremely  high.     Also,   high 
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Abstract:     Chaparral    is   the  most  extensive      ' '^ '| 
vegetation  type  in  California,   covering  over  IJ'"'^: 
twentieth  of  the  State  or  some  13.2  million  a' 
(5.34  million  ha).     For  thousands  of  years  tht 
vegetation   in  Southern  California  had  very  lil";J 
impact  from  human  use  and  activity,  but  in  th 
past  three  decades   this   situation  has  changed 
with  the   increasing  population.     There  are  ov 
13  million  people  now  living   in  Southern 
California.     Eighty  years  of  maintenance  mana 
ment  of  chaparral    lands  have  generally  result 
in  extensive  areas  of  decadent  or  very  mature 
vegetation   that  is  highly  flammable  and  virtu  ", 
impenetrable  to  wildlife,   livestock, and  man. 


intensity  fires  often  produce  a  water- repel! a 
layer  in  the  soil   which  greatly  increases  run 
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The  chaparral    landscape   is  a  continuous  co 
of  low-growing  shrubs  creating  a  mosaic   in  sh 
of  green,  but  individual    plants  have  certain 
diagnostic  features  in  comnon.     The  plants  ar 
most  easily  identified  by  their  leaves.     Leav 
are  characteristically  evergreen,   small,   thic 
and   stiff  in  order  to  cope  with  drought  perioi  ^ 
The  comnon  genera  of  Southern  California  chap'  j'" 
arral    are  Adenostoma,  Arctostophylos.  Ceanothi 
Quercus,Heteromeles,and  Rhus.     Factors  that 
affect  the  distribution  of  different  chaparral 
species   in  Southern  California  are  the  local      *'' 
climate  changes  due   to  coastal    or  desert  expO'  "J 
sures;  changes  in  elevation,   slope  and  aspect   '" 


Fire  is  a  key  element  in  the  life  cycle  of 
chaparral  type.  Seasonally,  the  moisture  con 
of  chaparral  species  can  fluctuate  rapidly, 
is  not  uncommon  for  fuel  moistures  to  drop  to 
8-13  percent  during  summer  drought  periods  or 
during  Santa  Ana  wind  conditions.  In  additioi 
close  spacing  and  continuity  of  vegetation  coi 
plus  high  surface-to-volume  ratios  in  the  cha| 
arral  community  leads  to  a  high  percentage  of 
available  fuel.  Over  time,  the  ratio  of  dead 
live  material  increases  dramatically.  For 
example,  by  age  30,  often  as  much  as  50  percei 
of  the  standing  mass  of  the  crowns  in  a  chami: 
stand  can  be  dead  and  more  material  accumulat< 
as  litter  on  the  ground.  All  these  factors 
result  in  rapid  ignition  and  spread  of  fires 
Where  fuel  conditions  are  uniform  over  broad 
areas,   fires  tend  to  be  quite  large. 


Because  chaparral  has  evolved  with  fire,  t\ 
vegetation  has  developed  distinct  survival 
mechanisms.  Many  shrub  species  found  in  SoutI' 
California  resprout  from  root  crowns  following 
fire.  Most  species  require  heat  treatment  bei 
the  seeds  will  germinate.  Seeds  can  survive  i 
extremely  long   periods  of  time  in   soil. 


It 
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Chaparral    is  the  most  extensive  vegetation 
type   in  California,  covering  over  one-twentiel 
of  the  State  or  some  13.2  million  acres 
(5.34  million  ha).     Chaparral    in  Southern 
California  covers  in  excess  of  3.4  million  acr 
(1.38  million  ha).     The  Angeles,  Cleveland,  Lc 
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'es   and  San  Bernardino  National    Forests 

mpass  approximately  3.4  million  acres 

18  million   ha).      In  excess  of  60  percent  of 

;  National    Forest  land   is  covered  with 

larral  .     Consequently,  management  of  chaparral 

Is   is   an   increasingly  important  part  of 

onal    Forest  resource  management  activities. 

:ory 

or  thousands  of  years   the  vegetation   in 
:hern  California   had  very  little  impact  from 
m  use.     It   is  adequately  documented   that 
fornia  Indians   set  fires   to  chaparral    at  the 
!  of   first  contact  with  white   settlers. 
!ver,   the   frequency  of,   reason   for,   and 
;onal    patterns  of  burning   by  the  Indians  are 
at  all    clear.     Viewpoints   range  from  assuming 
berately  set   fires   to  modify  vegetation   and 
.  yield  more  plant  products,   to  support  game 
iccomplish  game  drives,   to   nothing  more  than 
iped  campfires.     We   do  know  that  the  Indians 
no  way  of  suppressing   fires.     Fires  would 
'  to  burn  until    reaching  a   natural    barrier. 

he   first  Spanish  explorers  arrived   in 

;hern  California   in  1769  and  established  the 

Diego  Mission.     In   the  early  settlement  of 

;hern  California,    the  chaparral    foothills 

led   logical    boundaries   for  Spanish   land  grants 

:h   formed   the  basis  of  early  California   rancho 

lomy  based  on   livestock  grazing   and  mission 

culture.     The  chaparral    zones  merely 

irated   the  mountain   forests   from   the   flat  or 

able  lands. 

n  the   period   from  1769   to   the  early  1800 's 
s  impact  on   the  vegetation  was   roughly 
entrated   in   a  ten-mile   radius   around  missions 
pueblos.     To   these  early   settlers,  chaparral 
mainly  a  source   for  game  animals.     Into   the 
I's  chaparral    lands  were  used   somewhat  for 
:ing,   although  sheepherders   found   these   lands 
lable   unless  charred  by   fire.     To  miners   these 
Is  were  a  source  of  charcoal    for  processing 
,  but  equally  a   tough  barrier  to  easy 
ipecting   and  cross-country  travel  . 

n  the  late  1800 's,  water  coming   from  the 
larral    areas   and  above  was  considered   the 
;blood  of  the   intensive   irrigation  agriculture 
Tuit  and  citrus   on   the  valley  floor, 
msive  dams  were  built  during   this   period   for 
gation.and   small    hydro-electric   power  plants 
ing   up   in   the  canyon  bottoms. 

.r\  1892  and  1893   the   first  forest  reserves, 
!r  to  become   the  Angeles,   Cleveland  and  San 
lardino  National    Forests,  were  established   by 
U.S.    Congress   to   protect  the  mountain 
jrsheds   from  destructive   fires.     These   forest 
;rves  were  created   in  direct  response   to  the 
)rous   appeals  by  local    citizens.     Creation  of 
Southern  California   reserves  was   in  contrast 
:reation  of  other   forest   reserves   in   the  west 
T  eastern  conservationists   fought  for  their 
iblishment   in   defiance  of  local    wishes. 


The  early  1900 's  saw  the   formation  of  local 
citizen  groups   in  Southern  California  to  further 
the  cause  of  watershed   protection  and 
conservation.     These  citizens  were  convinced  that 
the   fate  of  Southern  California  either  as  an 
agricultural    domain  or  metropolis   resided   in  the 
reliability  and  quality  of  its  water   supply. 
Pressure  from  these  citizen  groups  led  to  the 
first  Federally  appropriated   funds  to  construct 
fire  lanes  on  the  southern  slopes  of  the  San 
Bernardino  Mountains.     During   this  period,   fire 
control    in  chaparral    areas  became  more  systematic 
and  organized. 

From  1910  to  1920  the  advent  of  the  automobile 
led  to  a   sharp   increase  in  the  use  of  the  forest 
watersheds  for  recreation  purposes.     This  led   to 
a  large   increase  in   fires  caused  by  campers.     The 
Forest  Service  recognized   recreation  as  a  major 
forest  resource,   and  improved  public  campgrounds 
were  established   to  meet  the  needs  of  campers  as 
well    as   fire  prevention.     Large  fires  continued 
to  occur  and   the  decade  of  the  20 's  closed  as  one 
of  the  most  severe   fire  loss   periods   in  Southern 
California   history.     On   the   four  National    Forests 
in  Southern  California   some  913,700  acres 
(369,900  ha)  were  burned. (This   figure   includes 
National    Forest  land  only,   and  not  the  extensive 
burned  areas  outside  the  Forests'    boundaries.) 

The  1930 's   saw  the  great  depression  and  the 
establishment  of  the  Civilian  Conservation  Corps 
(CCC)   "to  relieve  distress,  build  men  and  build 
up  the  Nation's  Forest  resources".     This  led   to 
the  building  of  firebreaks,   fire  trails,   look- 
outs,  reforestation  of  burned   areas,  construction 
of  recreation   facilities.   Ranger  Stations,   and 
road,   range  and  wildlife   improvements,  etc.     All 
of  these  men  were  trained  as  effective  fire 
crews,   and  burned  acres   in  Southern  California, 
particularly   in  the  chaparral    areas,   dropped  to 
some  395,700  acres   (160,200  ha).     This   figure 
remained   fairly  constant  in  the  1940's. 

The  1950 's  saw  a  sharp  upturn   in  burned   acre- 
age.    The  biggest  impact  undoubtedly  came  from  a 
doubling   of  Southern  California's  population   to 
more   than   five  million  people  in  1950.     Public 
use  of  the  Forests  also   doubled,   leading   to 
increased  fire  occurrence.     Public  concerns 
increased  over  massive  soil    erosion   and  water 
losses   following   fires   in  chaparral    areas.     This 
led   to   formation  of  more  citizen  groups  and   the 
establishment  of  more  agency  regulations   to 
improve  watershed  protection.      In   the  late  1950 's 
the   fuel  break   and  type  conversion  concepts  of 
removing   chaparral    and   replacing   it  with  grasses 
were  developed  and  began  to  be  implemented. 

From  1960  to  1970  the  population  doubled  again 
to  over  12  million  people.     Most  of  this  growth 
occurred   in   the  valley  and   foothill    areas  below 
the  chaparral   watershed  areas.     Unique   to  the  San 
Bernardino  National    Forest,  growth  also 
accelerated  within   its  boundaries.     Fire  losses 
began   to   seriously  affect  personal    property  and 
residences  during   this   period.     Citizens   and 


57 


Congress,  through  the  National  Forest  Management 
Act  and  other  legislation,  emphasized  the  impor- 
tance of  proper  land  use  planning  and  vegetative 
treatment  in  chaparral    areas. 

Basically  since  World  War  II,   fire  suppression 
equipment  and  techniques  have  made  great 
progress.     Most  fires   today  are  suppressed  at  a 
few  acres.     Total    acres  burned  per  decade  have 
decreased,  which  has  resulted   in  many  older 
stands  of  chaparral.     All   of  these  factors  have 
contributed   to   the  accumulation  of  more  dead 
material    in  chaparral.     Today,  when   fires  occur 
under  extreme  weather  conditions   (usually  Santa 
Ana  winds)   they  are  extremely  devastating, 
capable  of  jumping   fuel  breaks  and  super  highways 
and  destroying  lives  and  property. 

In  the  past,  citizens  affected  by  devastating 
fires  demanded  more  effective  fire  protection. 
However,   in  the  past  decade,  new  concepts  have 
begun   to  emerge  relative  to  managing  the 
chaparral    resource.     With  over  13  million   people 
currently  living  in  Southern  California,  ways  of 
living   in  harmony  with  the  chaparral    system  are 
becoming  more  and  more  important.     Our  management 
priorities  are  beginning   to   reflect  that  need. 

Present  Uses 

During   the   fall    of  1980,   the  San  Bernardino 
National   Forest  experienced  the  most  devastating 
fires,   from  a  damage  standpoint,   in   the  history 
of  the  Forest.     One  of  these,   the  Panorama  Fire, 
started  on  November  24,   1980  during   severe  Santa 
Ana  winds   that  often  reached  gusts  of  100  miles 
per  hour   (160  kph).     Before  the  fire  was 
contained  five  days  later,   four  deaths  were 
attributed  directly  to   the  fire,  284  homes  were 
totally  destroyed,  49  other  homes  were  damaged, 
64  other  structures  were  lost  or  damaged,   and 
numerous  vehicles  were  destroyed.     Structural 
losses  alone  amounted   to  over  $28  million, 
watershed  losses  were  $11.8  million  and 
suppression  costs  were   in  excess  of  $5  million. 
Numerous  examples  of  devastating   fires  can  be 
found   in  Southern  California  dating   back  to   the 
early  1960 's. 

Water  continues   to  be  one  of  the  most  valuable 
conmodities  on  chaparral    areas  in  Southern 
California.     Chaparral    watersheds  produce  water 
used  for  recreational,   agricultural,   domestic   and 
industrial    purposes.     Water  produced   locally  in 
Southern  California   is  extremely  valuable  and 
becomes  more  so  each  day  as  energy  costs   to 
import  water  are  rising  rapidly.     The  chaparral 
watersheds  also   play  an  extremely  important  role 
in  preventing  downstream  flooding. 

Numerous  examples  of  serious  life  and  property 
loss  from  water  and  mud  flows  occur  after 
chaparral    vegetation   is   removed  by  fire. 
Maintaining   stability  and  productivity  of  these 
watersheds  is  extremely  important.     Past 
practices   to  protect  and  manage  this  resource 
have  included  construction  of  fuelbreaks   and   type 


conversions.     In  the  future,   prescribed  fire  ,  e 
means  of  managing  the  age  classes  in  chaparra" 
will    receive  greater  emphasis  and  the  fuelbreis 
and  type  conversions  will    help  accomplish  the 
overall   objectives  of  age-class  management. 


«S' 


Though  the  range  resource  is  limited  in 
Southern  California,  livestock  often  graze  on 
type-converted  areas  and  established  fuelbreal 
in  chaparral .  Grazing  serves  a  dual  purpose; 
maintaining  fuelbreaks  and  type -converted  are 
as  well    as  producing   red  meat  for  the  market. 


if 


Wildlife  species,  particularly  large  anima 
such  as  deer  and  bighorn  sheep,  have  certain 
habitat  needs  which  are  benefited  by  prescribi 
fire.  Manipulation  of  the  chaparral  vegetatit 
is  necessary  to  maintain  habitat  and  ensure 
animal    and  plant  diversity. 

The  chaparral    areas  in  Southern  California 
provide  a  visual    backdrop  for  millions  of 
Southern  California  residents  and  are  used  fa^ly- 
extensively  for  recreation  activities.     These 
activities   include  hiking,  off-road  vehicle  u:, 
hunting,   fishing,  camping  and  picnicking  both  n  , 
developed  and  unimproved  sites,   shooting  and 
pi  inking,  etc.     Most  of  these  activities  occur 
during  the  fall,  winter  and  spring  months  whet 
temperatures  are  cooler.     Large  areas  of 
chaparral    on  the  Southern  California  National 
Forests  are  closed  to  public   access  during  th( 
sumner  and  fall   months   for  fire  prevention 
purposes.     These  closures  have  been   in  exister; 
since  the  1920 's  and  limit  some  recreation 
opportunities.     The  need   for  fire  closure   is  r^ 
being   questioned. 

The  13  million  people  living   in  Southern 
California  look  to  National   Forest  lands, 
including  chaparral,   to  meet  residential    and 
consumer  needs.     Chaparral    lands  are  being  ust 
for  home  sites;  waste  disposal    sites,   includir 
solid  and  liquid  waste;    industrial    sites;   utiUy 
corridors;  mining  operations;   communications 
centers;   etc.     The  physical    location  of  chaparal 
adjacent  to   the  population  centers   in  Southerr 
California  and  the   fact  that  the  growth  rates  fe 
steadily  increasing,  adds  new  impacts  each  day 
Most  of  the  major  impacts  are  occurring  where 
cities,   towns,   and  agricultural    lands  encroaci' 
directly  into  the  chaparral-covered  foothills.||  d 
Management  of  these  areas   forming  the  urban/    "I 
rural /wildl and   interface  is  complicated  becaus 
numerous   small    landowners  are   involved.     In 
addition  to  different  owners,  many  different 
Federal,  State,  County  and   local    governmental 
agencies  have  overlapping  jurisdictions  in  the; 
areas.     Management  of  these  chaparral    interfac 
lands  provides  one  of  the  greatest  challenges  )r 
interagency  cooperation  ever  known   in  the  natii, 
and  one  which  needs  the  utmost  support  from  al 
agencies. 
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Currently,    the  Forest  Service  Pacific 
ithwest  Forest  and  Range  Experiment  Station   is 
a  five-year  effort  to   develop,   test,   and 
lonstrate  a  wide  range  of  options   for 
ntaining   or   increasing   the  productivity  of 
iparral    and   related  ecosystems.     The   study  area 
a  127,000   acre   site  on   the  Cleveland  National 
•est  called  the  Laguna-Morena  Demonstration 
a.     Goals  for  the  demonstration   area   are  to 
el  op   new  ideas   for  chaparral   management  and 
t  techniques   that  can  be  used  elsewhere;   to 
liter  the  environmental    impacts  of  these 
hniques;   to  demonstrate   the  effectiveness  of 
'se  techniques   to  a  concerned  public;   and 
ally,    to   reduce   the  potential    for  catastrophic 
dfires.     Numerous  Federal,   State  and  local 
ncies   are  cooperating   in   the  study. 

rent  Management  Direction  for  N.F.  Chaparral 
ids  in  Southern  California 


Eighty  years  of 
parral    lands  hav 
;ensive  areas  of 
etation   that   is 
lenetrable   to  wil 
agement  of  chapa 
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maintenance  management  of 
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identified  as  a  major  issue 
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National    Forests.     These 
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The  crux  of   the  chaparral    issue   is   the 
lagement  of  chaparral    lands   in  order  to  achieve 
integrated   resource  program.     What  suitable 
s  can  be   identified   for  chaparral-covered 
pes   that  will    be  compatible  with  other  uses? 
it  can  we  expect   in   the  way  of  outputs,   costs, 

effects  by  implementing   a  range  of  vegetation 
lagement  alternatives   in   the  chaparral? 

The  chaparral    management   issue  will    be  driven 
the  many  diverse   interests  of  the  public   and 
cerns  of   resource  managers.     Fire  control 
mcies  who   seek  ways   to  reduce   fire  losses  will 
e  significant   impact.     The   livestock   industry. 


which  wants   to   increase  the  amount  and  value  of 
forage,  has  concerns.     The  wildlife  managers  who 
must  manage   for  wildlife  habitat  diversity  have 
objectives   to  be  met.     Watershed  managers  want  to 
manage  cover  to  protect  water  quality  and  also 
exercise  opportunities   to   increase  water  yield. 
Botanists   have  concerns   for  managing   threatened 
and  endangered   plant   species   and  maintaining 
species  diversity.     Consumers  who  want  to  harvest 
the  chaparral    commodities   for  energy  purposes 
(heat)   will    have   input.     Hunters  and 
recreationists  want  easy  access   through  chaparral 
lands  where  impenetrable   thickets  now  prevail. 
Many  other  people  will    be  expressing   their 
personal    opinions   and  concerns  for  managing 
chaparral    lands. 


Conclusion 

The  Forest  Service  and  other  land  management 
agencies  have  a  real   challenge  ahead  in 
responding   to  public   needs  and  providing   sound 
management  of  the  vegetation   resource  over  time. 
The  time  is   right  —we  eagerly  accept  the 
challenge. 
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Chaparral  in  Arizona^ 


Donald  H.  Bolander 


The  State  of  Arizona,  like  California,  has 
a  large  area  of  Mediterranean-type  ecosystems, 
or  chaparral  as  it  is  commonly  called.  There 
are,  however,  some  important  differences  between 
the  two  States.  The  primary  differences  are  in 
climate,  size  or  average  height  of  the  brush 
plants,  and  the  composition  of  the  understory 
grasses  and  forbs.  One  other  very  important 
difference  is  in  the  relationship  of  population 
centers  to  the  type. 

The  previous  paper  by  Mr.  Tyrrel  has  pre- 
sented a  brief  discussion  on  the  California 
chaparral.  My  paper  will  attempt  to  present 
comparable  information  for  Arizona. 


DESCRIPTION  OF  ARIZONA  CHAPARRAL 

The  chaparral  type  in  Arizona  is  found  in  a 
discontinuous  band  across  the  central  part  of  the 
State  which  extends  from  northwest  to  southeast. 
Depending  on  the  criteria  used  to  classify  the 
type,  there  are  from  1.2  million  to  2.4  million 
hectares  in  the  type;  1.2  million  hectares  is 
considered  close  when  the  transitions  into  the 
Pinyon  and  Juniper  woodland  and  the  desert  shrub 
are  excluded. 

The  chaparral  type  is  found  under  the  follow- 
ing ownership: 


Federal  Government 

Percent 

Forest  Service,  USDA 

52 

Bureau  of  Land  Management, 

USDI 

15 

Other  Federal 

2 

State  of  Arizona 

15 

Private 

12 

Indian 

4 

TOTAL 

=  100 

^Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

^Forest  Supervisor,  Prescott  National  Forest, 
Forest  Service,  U.S.  Department  of  Agriculture, 
Prescott,  Arizona. 


Abstract:  Arizona  has  about  1.2  million  hect- 
ares of  a  low-growing  brushland  known  as  chap- 
arral. Most  of  the  brush  plants  are   prolific 
crown  or  root  sprouters  and  resist  fire  or 
heavy  use  by  grazing.  Over  100  years  of  man's 
activities  have  not  greatly  modified  the  type 
with  the  exception  of  the  impact  of  grazing  on 
the  herbaceous  component.   Initial  research  wa: 
aimed  at  grazing  and  erosion  problems  and  cum 
research  is  stressing  the  feasibility  of  incre< 
ing  water  yields.  Mechanical  equipment,  fire, 
herbicides,  and  seeding  are  employed  to  modify 
the  type  in  order  to  increase  water  yield,  fon 
and  recreation  opportunities. 
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The  shrub  plants  in  the  Arizona  chaparral 
have  much  in  common  with  those  found  in 
California.  They  are  moderately-deep  to  deep- 
rooted  evergreen  shrubs.  Most  species  are 
prolific  crown  or  root  sprouters.  A  few  non- 
sprouters  produce  abundant  seed  which  germinatf 
following  heat  scarification.  Except  on  the  be 
sites,  Arizona's  chaparral  tends  to  be  of  some 
what  lower  growth  form  and  the  stand  more  open 
than  its  California  counterpart.  Primary  shrut 
species  in  Arizona  include 

Shrub  live  oak  (Quercus  turbinella) 
Manzanita  (Arctostophylos~spp. ) 

Desert  ceanothus  (Ceanothus  greggi ) 
Mountain  mahogany  (Cercocarpus  spp.) 
Silktassel  (Garrya  spp.) 

Where  shrub  canopy  is  open,  grasses  and  fort 
are  often  moderately  dense.  On  areas  which  hav 
not  been  subjected  to  heavy,  destructive  grazin 
perennial  grasses  such  as  sideoats  grama  (Boute')Ui 
curtipendul a)  are  common.  On  areas  which  have 
been  heavily  grazed,  annual  grasses  such  as  red 
brome  (Bromus  rubens)  are  common.  The  presenceoft 
perennial  grasses  and  the  more  open  canopy  is  a 
important  difference  from  the  California  type. 

The  topography  where  the  Arizona  chaparral 
occurs  is  highly  variable.  Most  of  the  type  is 
found  on  mountainous  areas,  much  of  it  on  extre'il) 
rough,  steep  terrain, and  a  relatively  small  amoit 
on  flat  sites.   It  occurs  between  900  and  1,800' 
meters  elevation  on  all  aspects. 

Typical  soils  are  moderately  deep,  coarse 
textured,  and  poorly  developed.  Most  of  the 
soil  depth  is  in  the  C  horizon.  Soil  texture 
varies  from  cobbly  and  gravelly  loamy  sand  to 
gravelly  loam.  Parent  materials  include  deeply 
weathered  and  fractured  granite,  schist,  diabas 
and  sandstone.  Granites  are  found  on  more  than 
half  the  total  chaparral  area,  while  diabase  ani 
sandstone  comprise  less  than  10  percent. 


The  Arizona  chaparral  zone  receives  between 
400  and  600  mm.  of  precipitation  a  year.  About 
55  percent  comes  as  rain  and  snow  between  Noveml'r 
and  April,  and  35  percent  during  the  July  to 
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tember  season,  primarily  as  thunderstorms, 
summer  rainy  season,  which  California  does 
have,  is  the  primary  reason  for  the  peren- 

1  grasses  that  occur  in  the  Arizona  chaparral. 

Mean  monthly  temperatures  vary  from  less  than 

in  January  to  more  than  27°C  in  July, 
ative  humidity  is  low  with  evaporation  occur- 
ig  at  rates  up  to  2,100  mm.  per  year. 

Wind  generally  is  out  of  the  southwest.  The 
t  windy  period  is  May  and  June  when  average 
ly  wind  speeds  are  between  16  and  19  kilometers 
■  hour.  This  coincides  with  the  driest  and 
mest  time  of  year.  June  is  considered  the  most 
tical  month  for  disastrous  wildfires. 


TORY 


Arizona  was  inhabited  for  thousands  of  years  by 
native  Indians  before  the  Europeans  arrived. 
Indians  made  little  impact  on  the  chaparral 

e  through  their  hunting,  gathering  of  native 

nt  fruits,  nuts,  and  other  material  or  through 
simple  agricultural  practices  they  employed. 

ly-day  explorers  and  trappers  also  made  little 

act. 


of  wildlife  has  shifted  from  subsistence  hunting 
to  recreational  hunting.  Deer  and  quail  are  the 
most  sought  game  species.  Road  and  trail  access, 
with  few  exceptions,  is  still  rather  primitive. 
The  towns  have  grown,  but  are  still  small  by 
Southern  California  standards.  Growth  is  attri- 
buted to  a  number  of  factors  such  as  retirement, 
tourism,  light  industry  and  local  government. 
Most  recently,  population  is  increasing  rapidly. 

There  is  one  very  important  difference  between 
the  California  and  Arizona  chaparral  area  as  it 
relates  to  the  pattern  of  settlement  or  the  urban- 
wildland  interface.  Where  California  has  extensive 
home  building  within  the  chaparral,  there  are  few 
homes  built  within  the  type  in  Arizona.  Where 
California  has  large  metropolitan  areas  developed 
on  the  flats  immediately  below  the  steep  brush 
covered  hillsides,  Arizona  does  not.  Most  of  the 
land  below  Arizona's  chaparral  is  undeveloped 
desert  or  semi-desert.  The  wildfires  that  denude 
the  brushy  hillsides  set  the  stage  for  flooding. 
California  has  a  higher  and  more  concentrated 
rainfall  than  Arizona.  This  fact  combined  with 
the  location  of  the  developed  areas  in  California, 
accounts  for  the  major  differences  in  damage  from 
fire  and  subsequent  flooding  in  California  compared 
to  Arizona. 


A  few  years  after  the  1849  California  gold  rush 
peaked,  prospectors  began  to  move  eastward  from 
ifornia  and  elsewhere  to  the  Arizona  territory, 
the  early  1860's  there  were  a  few  mining  camps 
ablished  within  or  near  the  Arizona  chaparral, 
ly  troops,  prospectors,  traders,  trappers  and 
lers  related  stories  of  the  fine  grasses  and 
lal  climate.  Early  in  the  1870's  a  few  cattlemen 
lan  to  bring  small  herds  of  stock  into  the  area. 
1890  there  were  a  number  of  cattle  and  a  few 
ids  of  sheep  grazing  on  and  near  the  chaparral 
intry.  Livestock  numbers  then  increased  rapidly 
1  are  believed  to  have  reached  a  peak  by  1900. 

The  first  towns  in  or  near  the  chaparral,  such 
Globe  and  Prescott,  were  settled  by  miners.  A 
ide  road  and  trail  transportation  system  evolved 
support  these  towns  and  mines.  The  wildlife 
.  used  by  these  early  settlers  to  supplement 
iir  food  supply.  Fire  in  the  chaparral  occurred 
im  time  to  time  as  it  always  had.  Although  man- 
ised  fires  increased,  lightning-caused  fires 
11  accounted  for  most  of  the  fires. 

Early-day  reports  indicate  that  the  chaparral 
;  more  open  than  it  is  today.  The  heavy,  year- 
ig  grazing  depleted  the  perennial  grasses. 
;roduced  annual  grasses  and  forbs,  typical  of 
!  Mediterranean  area,  largely  replaced  the  native 
•ennials  that  once  grew  in  openings  and  as  under- 
)ry  plants.  The  brush  also  has  gotten  thicker, 
Muenced  by  fire  suppression. 


:SENT  USES 

Today  mining  and  cattle  ranching  continue  to 
important  activities  in  the  chaparral.  The  use 


RESEARCH 

Early  research  by  the  USDA  Forest  Service  was 
aimed  primarily  at  grazing  and  erosion  problems. 
Starting  in  the  1950's  the  research  was  expanded 
to  study  the  feasibility  of  increasing  water 
yields  through  modification  of  the  chaparral. 
Research  sites  were  established  on  the  Tonto  and 
Prescott  National  Forests.  The  sites  represented 
conditions  with  different  soils,  climate  and 
plant  density  and  composition. 

Most  of  the  more  recent  research  has  been 
related  to  improving  water  yield.  This  research 
shows  that  the  mean  annual  water  yield  from 
Arizona  chaparral  varies  from  less  than  3  mm. 
per  year  on  drier  sites  to  60  mm.  on  the  wetter 
areas.  Dry  years  produce  little  water,  while 
wet  years,  particularly  wet  winters,  may  yield 
20  percent  of  precipitation  or  more.  A  typical 
chaparral  site  with  an  average  of  550  mm.  of 
precipitation  will  yield  30  mm. 

Water  yields  can  be  substantially  increased 
by  removing  the  deep-rooted  shrubs  and  replacing 
them  with  shallow-rooted  grasses  and  forbs  that 
use  less  water.  For  example,  that  typical 
chaparral  site  with  550  mm.  of  annual  precip- 
itation will  yield  an  on-site  increase  of  95  mm. 
following  brush  removal. 

The  effectiveness,  costs,  and  effects  on  the 
environment  which  result  from  the  different 
brush  treatment  methods  have  been  a  part  of  the 
research.  Mechanical,  chemical,  fire  and 
biological  (grazing  with  goats)  methods  of 
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removing  brush  have  all  been  studied.  The 
sprouting  nature  of  the  chaparral  brush  plants, 
and  the  steep,  rocky  nature  of  most  of  the  type 
has  made  the  use  of  herbicides  a  key  element  of 
past  and  current  type  conversion  projects. 
Research  to  find  an  effective,  safe  herbicide 
continues  to  be  an  important  part  of  the  scien- 
tists task  in  developing  a  prescription  for 
chaparral  management. 


RECENT  PAST  AND  CURRENT  MANAGEMENT 
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The  Tonto  National  Forest  attempted  to  improve 
forage  supplies  and  water  yields  through  the  use 
of  prescribed  fire  and  the  use  of  herbicides. 
This  method  was  successful  when  the  use  of  herbi- 
cides was  continued  until  the  brush  was  removed. 
The  phenoxy  group  (2,4-D;  2,4,5,-T;  and  silvex) 
were  initially  used  but  use  was  reduced  after 
these  herbicides  became  controversial.  Soil 
active  herbicides  such  as  Fenuron  and  Picloram 
were  also  used  to  a  limited  extent. 
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Based  on  past  research  and  land  management 
practices,  it  is  clear  that  the  Arizona  chaparral 
can  produce  more  water,  forage,  and  recreation 
than  is  currently  produced.  This  increased  pro- 
duction can  be  obtained  by  altering  the  chaparral 
site  by  various  means.   In  1978  a  site  was  selected 
on  the  Prescott  National  Forest  for  a  pilot  appli- 
cation project.  The  current  state-of-the-art 
would  be  applied  to  demonstrate  how  the  chaparral 
type  could  be  economically  treated  to  improve 
production. 


Structures  and  instruments  have  been  install! 
at  the  Battle  Flat  demonstration  area   during  tht 
past  two  years  to  measure  water  and  sediment 
yields  and  get  water  quality  and  climatic  infor- 
mation. Special  studies  to  obtain  information  ( 
the  geology,  soils,  vegetation,  and  wildlife  ha\ 
also  been  conducted.  A  proposed  treatment  plans 
now  being  developed.   In  about  3  or  4  years,  af1r 
the  baseline  pretreatment  information  is  obtaint, 
about  560  hectares  of  the  920-hectare  watershed 
will  be  treated  to  convert  the  site  from  brush  1 
grass  and  forbs.  A  brush-grass  mosaic  will  be 
created.  At  this  time  it  appears  that  a  combin; 
tion  of  fire,  soil  active  herbicides,  and  broad- 
cast seeding  will  be  used  to  accomplish  the  type 
conversion  in  the  most  economical  way.  An 
adjacent  640-hectare  watershed  has  also  been 
instrumented  to  be  used  as  a  control  for  the 
treated  watershed. 


When  the  Battle  Flat  project  has  been  complet 
we  will  have  a  much  better  basis  to  predict  what 
additional  benefits  can  be  obtained  from  the 
Arizona  chaparral.  It  should  be  kept  in  mind  t\l 
only  a  small  portion  of  the  1.2  million  hectares 
of  chaparral  can  be  treated.  Some  of  the  type  ii 
in  wilderness  and  legally  cannot  be  converted. 
Archeological  sites  are  found  on  other  areas  anc 
must  be  avoided.  Some  of  the  lower  elevation,  1 
rainfall  sites  have  such  a  low  potential  for 
increased  production  that  it  is  not  economical  t 
treat  them.  Other  sites  are  so  steep  that  mass 
soil  movement  would  result  if  the  brush  cover 
were  removed.  The  remaining,  suitable  area 
should  be  only  partly  converted  to  grass  in 
order  to  maintain  wildlife  habitat  and  minimize 
the  visual  impacts.  It  has  been  estimated  that 
only  between  15  and  20  percent  of  the  chaparral 
type  on  National  Forest  System  lands  in  Arizona 
would  actually  ever  be  converted  to  grassland. 
The  Bureau  of  Land  Management,  State  and  private 
lands  are  generally  at  lower  elevation,  less 
mountainous  and  drier  then  the  National  Forest 
segment.  A  somewhat  higher  percent  may  be 
suitable  for  conversion;  however,  herbage  and 
water  yields  per  acre  would  be  less  from  most  of 
these  lands. 


CONCLUSION 

There  are   about  1.2  million  hectares  of 
chaparral  in  Arizona.  The  type  has  not  been 
greatly  modified  by  man's  activities  to  date, 
with  the  exception  of  the  impact  of  grazing  on 
the  herbaceous  component.  Planned  site  modifi- 
cations have  been  very  limited,  and  have  been 
mostly  confined  to  the  better  sites  and  to 
research-related  activities. 

Management  direction  on  the  National  Forests 
has  been  to  gain  more  information  on  the  tech- 
niques and  effects  of  treatment,  and  to  apply 
this  known  information  on  a  small  scale.  The 
fact  that  the  chaparral  type  has  the  potential 
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produce  more  water,  forage  and  recreation.  Future  management  direction  could  abruptly 

marily  as  hunting,  is  well  known.  The  biggest      change  should  new, more  economical  ways  be  found 
traints  against  site  modification  have  been         to  harvest  and  process  this  woody  material  into 
nomics  and  the  need  for  an  effective,  safe         such  things  as  fuel  or  processed  livestock  forage 
bicide.  I  believe  that  we  now  have  or  will         for  off-site  use.  Until  such  time  as  these  new 
in  have  an  effective  herbicide.  High  costs         uses  are  found,  I  see  a  continuation  of  the 
I  still  a  problem.  past  trend,  i.e.,  slowly  find  new  and  better 

ways  to  convert  or  modify  the  site  and  implement 
these  techniques  as  they  become  economical. 
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Perspectives  of  Managing  IVIediterranean-Type 
Ecosystems:  A  Sunfimary  and  Synthesis^ 


Serena  C.  Hunter- 


One  of  the  principal  objectives  of  this  sym- 
posium was  to  provide  a  forum  for  exchange  of 
information  on  a  multinational  scale.   The  purpose 
of  this  session,  held  on  the  opening  day  of  the 
symposium,  was  to  provide  the  participants  with  an 
overview  of  how  Mediterranean-type  ecosystems  are 
being  managed  around  the  world.   Each  of  the 
speakers  in  this  session  represented  a  different 
region;  together,  they  covered  the  Mediterranean- 
type  ecosystems  on  five  continents.   The  speakers 
were  asked  to  relate  the  following  information  for 
the  regions  they  represented:  (1)  Object  of  Manage- 
ment, (2)  history  of  Vegetation  and  Perception, 
(3)  Constraints  on  Management,  and  (4)  Role  of 
Research. 

Although  some  of  the  speakers  did  not  address 
these  four  issues  directly,  all  spoke  on  manage- 
ment issues  they  felt  were  important  in  their 
regions.   It  was  possible,  then  to  extract  from 
these  presentations  some,  if  not  all,  of  the 
important  management  objectives,  constraints,  and 
research  interests  in  each  region. 

bianagement  Objectives 

t-iaintenance  or  improvement  of  grazing  land  was 
one  of  the  management  objectives  mentioned  most 
often  by  our  speakers  (bolander,  Canas  and  others, 
Carrera  and  others,  kruger,  Kaveh,  Tyrrel ,  these 
proceedings),   ^lost  mentioned  problems  with  over- 
grazing and  some  mentioned  efforts  at  type  conver- 
sion to  Increase  pastureland  acreage  or  cultiva- 
tion to  increase  productivity.   The  other  most 
often  mentioned  objective  of  management  was  recrea- 
tion (bolander,  Carrera  and  others,  Navehi,  Shea, 
Tyrrel,  these  proceedings),   Surpr isinglv,  recrea- 
tion was  mentioned  more  often  even  than  watershed 
protection  (bolander,  Carrera  and  others,  Kruger, 
Shea,  Tyrrel,  these  proceedings)  although  most 
speakers  implied  that  watershed  maintenance  was  of 
utmost  Importance.   Aesthetics  (kurger,  haveh. 
Shea,  Tyrrel  these  proceedings),  nature  conserva- 
tion (kruger,  Naveh,  Shea,  Tyrrel,  these  proceed- 
ings), anu  site  rehabilitation  (Canas  and  otliers, 
Carrera  and  others,  Uaveli,  and  Shea,  these  proceed- 
ings) were  considered  it.iportant  enough  to  be 
mentioned  by  four  of  the  seven  speakers.   Within 


Prepared  for  the  Symposium  un  bvnar.iics  and 
I-ianagement  of  lied  tterranean-type  i.cosvstems,  June 
/i^-^b,  1981,  Sau  lAego,  California. 

Kesearcli  lorester.  Pacific  Soutliwest  1-orest 
and  Range  hxperiment  Station,  Forest  Service,  U.S. 
bepartwent  of  Agriculture,  Riverside,  Calif, 


the  area  of  nature  conservation,  Kruger,  Naveh 
and  Tyrrel  expressed  the  need  to  maintain  or 
increase  species  diversity.   Also  in  the  intertt 
of  nature  conservation,  Kruger  discussed  the  n«j 
to  control  invasive  exotics  and  to  limit  comme 
cial  wildflower  harvesting  in  South  Africa. 
Timber  (Shea,  these  proceedings),  fruit  (Canas 
others,  these  proceedings),  and  energy  (Naveh, 
Tyrrel,  these  proceedings)  production  and  minir' 
(Bolander,  Shea,  these  proceedings)  were  objec 
tives  to  be  managed  in  some  regions. 

Land  Use  historv 
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The   histories   of    the   Mediterranean-type    eco 
systems    discussed   during   this    session  make   an 
interesting    comparison.      The    conditions    of    the 
ecosystems    seem    to    be    related    to    the    length    of 
time    since   settlement    of    the    land   and    the   exter 
of    population    pressure   on   the    land.      The    eco- 
systems   in    the   Mediterranean   countries   are    in 
perhaps    the   most    altered    condition.      The   raounta 
and    hills    of    Spain   for   example,    have   been   graze' 
by   sheep    and    goats    for    3,000   vears,      Manv    foresj 
there,    long    ago   harvested    and    repeated Iv   burned 
have    been    eliminated   or   degraded    (Carrera   and 
others,    these    proceedings).      Mediterranean-type 
ecosystems    in    the    United    States,    South   Africa,    id 
Australia,    on    the   other   hand,   have   been   occupie 
by    European   settlers    for   much    shorter    periods   c 
time    and    show    less   severe   ecological    effects, 
however,    the    nineteenth   and    twentieth    centuries 
have   been  a    time   of    rapid    change    and    booming 
population   growth   around    the   world.      During    thi 
period,    fire    regimes   have   been   altered,    plant 
material    has    been  exchanged    between   continents, 
and    large-scale    lumber   harvesting    and   mining   ha; 
taken  place.      There   is   the   potential    for   bringi; 
about    severe   ecological    change    in   much    less    tha 
the    3,000   years    it    took    in    Europe. 

All    of    our   speakers    seemed    to   be    well    aware 
the    effects    of    past    land    use    practices   on    the   e  i- 
systems    in    their    regions    and    in   others.      Theore - 
callv,    at    least,    some    important    lessons    have    be i 
learned.      The    speakers    also    noted    the    importanc 
of    determining    possible    ecological    effects    of    n' 
or   current   management    techniques    such    as    freque 
low    intensitv    prescribed    burning    (Kruger,    these 
proceedings),    tvpe    conversion    (Bolander,    these 
proceedings),    and    thinning    (Shea,    these    proceed 
ings). 

Constraints   on  Management 

Tlie    speakers    in    this   session   discussed    socia 
political,    biological,    and    informational    con- 
straints   to   managing    the   >ied  iterranean-tvpe    eco-,  ' 
svstems    in    their    regions.      Land    ownership    patte  s 
(Canas   and    otliers,    l<aveh,    Tvrrel,    these    proceed- 
ings);   urban,    industrial,    and    recreational 
encroachment    (Carrera   and    others,    i.aveli.    Shea, 
Tyrrel,    these    iiroceedings ) ;    and    public    ignoranci 
and    attitudes    resulting    in   overgrazing    and    wild- 
fires   (Carrera   and    others,    :iaveh,    these    proceed- 
ings)   are   some    of    the    social    constraints 
experienced    bv    resource   managers,       f-olitical 
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;onstraints  included  overlapping  jurisdictions  by 
jublic  agencies  (Tyrrel,  these  proceedings),  legal 
:onstraints  (Carrera  and  others,  these  proceed- 
ings), and  lack  of  financial  support  (Bolander, 
Jarrera  and  others,  Naveh,  these  proceedings), 
factors  affecting  plant  establishment  and  growth 
vere  fire  (Carrera  and  others,  Naveh,  Shea, 
ryrrel,  these  proceedings),  air  pollution  (Naveh, 
these  proceedings),  pests  (Naveh,  Shea,  these 
proceedings),  and  the  already  degraded  condition 
of   some  areas  (Carrera,  Naveh,  these  proceedings). 
Ml  speakers  acknowledged  that  lack  of  scientific 
information  limits  management  success. 

kole  of  Research 

Regional  differences  were  more  evident  among 
Dur  speakers  on  the  subject  of  what  questions 
should  be  addressed  by  researchers.   The  subject 
Df  ecosystem  structure  (past  and  present)  includ- 
ing plant  and  animal  interactions  was  emphasized 
)y  Canas  and  others,  Kruger,  and  Naveh  (these 
)roceedings) .   Naveh,  of  Israel,  was  quick  to 
)0int  out  that  he  considered  "classical",  down-to- 
>arth  field  studies  of  greater  value  than  "preten- 
:ious,  expensive  and,  alas,  mostly  very  theoreti- 
;al,  far-fetched  ecosystem  studies  aimed  at  creat- 
ing the  very  fashionable,  not  very  realistic, 
lostly  deterministic,  'ecosystem  models'."   Some 
ireas  in  which  he  saw  a  need  for  practical 
■esearch  were  in  (1)  developing  "ecotechniques" 
:or  managing  existing  plant  cover;  (2)  finding 
suitable  plants  and  methods  for  afforestation 
irojects;  and  (3)  quantifying  landscape  values. 

Several  speakers  in  this  and  other  sessions 
.ndicated  the  need  for  more  research  involving  the 
locioeconomic  factors  affecting  management  of 
lediterranean-type  ecosystems  (Carrera  and  others, 
uentes,  Naveh,  Tyrrel,  these  proceedings).   New 
ipproaches  are  needed  in  which  the  conservation, 
ehabilitation,  and  use  of  these  ecosystems  can  be 
econciled  with  socioeconomic  advancement  of  the 
opulation  (Naveh,  these  proceedings).   This  is 
specially  important  in  developing  countries  such 
s  Chile  where  the  welfare  of  the  people  is  tied 
o  directly  to  the  land.   It  is  also  important  in 
ighly  populated  areas  such  as  southern  California 
na  southern  Lurope  where  demands  for  wild  land 
roducts  often  conflict. 

Other  research  areas  mentioned  were  patterns 
nd  trends  in  land  use  (Carrera  and  others, 
ruger,  these  proceedings),  hydrological  or 
utrient  cycling  or  both  (faolander,  Carrera  and 
thers.  Shea,  these  proceedings),  fire  behavior 
l^ruger,  these  proceeaings) ,  ecology  of  invading 
pecies  (Kruger,  these  proceedings),  meteorology 
Carrera  and  others,  these  proceedings),  site 
lassification  (Shea,  these  proceedings),  desert 
ontrol  (Carrera  and  others, these  proceedings), 
nd  development  of  safe,  effective  herbicides 
Bolander,  these  proceedings).   In  Chile,  research 
fforts  are  being  focused  on  improving  both 
atural  and  cultivated  pasturelands  (Canas  and 
thers,  these  proceeaings). 


RECURRING  THEMES 

Although  the  Mediterranean  climate  regions  of 
the  world  differ  in  some  significant  botanical, 
sociopolitical,  geologic,  and  climatological 
features,  they  obviously  have  a  lot  in  common.   It 
is  these  common  features  that  justify  an  inter- 
national symposium  such  as  this  one.   Several 
recurring  themes  appear  in  some  or  all  of  the 
papers  of  this  session.   The  remainder  of  this 
summary  paper  will  be  a  discussion  of  some  of 
these  shared  concerns  and  interests.   I  have  taken 
the  liberty  of  including  and  interpreting  parts  of 
each  speaker's  contribution. 

Human  Population  Pressures 

The  problems  brought  on  by  too  many  people  and 
not  enough  resources  are  evident  in  southern 
California,  Chile,  and  the  European  countries 
bordering  the  Mediterranean  Sea.   Although  competi- 
tion among  land  uses  also  occurs  in  Australia  and 
South  Africa,  population  pressures  on  the  land  are 
not  nearly  so  acute  in  these  regions.   The  problem 
in  Arizona  has  been  relatively  minor  in  the  past, 
but  is  increasing  rapidly  as  more  people  move  out 
into  the  wildlands. 

In  southern  California,  13  million  people  live 
in,  adjacent  to,  or  in  the  valleys  below  chapar- 
ral-covered hills  and  mountains.   These  people 
require  protection  from  fire  and  resulting  floods. 
They  also  need  fresh  water,  varied  recreational 
opportunities,  and  protection  for  native  wildlife. 
The  aesthetic  value  of  southern  California's 
wildlands  to  its  urban  population  is  difficult  to 
assess,  but  based  on  recorded  visitor  use  of 
public  lands,  it  is  high  (Lei.sz,  these  proceed- 
ings). The  "people"  dimension  of  chaparral  manage- 
ment is  becoming  more  and  more  important  in 
southern  California. 

The  ecosystems  of  the  southern  European  coun- 
tries have  been  subjected  to  centuries  of  exces- 
sive tilling,  grazing,  timber  harvesting,  man- 
caused  fire,  and  numerous  wars.   The  result  is 
that  the  soils  are  heavilv  eroded  on  many  sites, 
and  the  plant  communities  are  drastically  changed. 
Increases  in  rural  and  urban  populations,  road 
building,  tourism,  and  mass  recreation  continue  to 
take  their  toll.   Efforts  are  being  made  to 
improve  the  situation  through  reforestation, 
public  education,  and  regulation,  but  improvement 
is  difficult  where  serious  site  degradation  has 
already  occurred  (Carrera  and  others,  Naveh,  these 
proceedings)  . 

In  Chile,  the  principal  use  of  the  drier  upland 
ecosystems  is  grazing.   As  a  result  of  Agrarian 
Reform  (1965-1973),  the  land  has  been  divided  into 
many  small  ownerships,  making  traditional  movement 
of  stock  between  ecosystems  at  different  times  of 
the  year  impossible.   This  has  caused  overgrazing 
of  the  annual  grasslands  and  grazing  during  the 
time  of  year  when  seed  should  be  produced.   Over- 
grazing favors  development  of  the  matorral  (brush) 
rather  than  the  more  palatable  annual  herbs. 
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Chilean   researchers    recognize    the   human   need    to 
protect   ana    improve    the   pastureland    of    their 
region    (Canas   and   others,    these    proceedings). 

t^eed    to    Understand    Fire    behavior   and    Lffects 

Fire    is   an    important    factor    in  most   Mediter- 
ranean-type  ecosystems.      Low   rainfall,    strong 
winds,    steep    terrain,    and    highly   flammable   vegeta- 
tion  generate   some   of    the   world's   most   dramatic 
wildlana   conflagrations.      Many  Mediterranean-type 
ecosystems   are   characterized   by   a    fire   cycle   and 
depend   on   fire    to    retain    long-term   vigor.      how- 
ever,   fire   seems    not    to   have   been   part    of    the 
natural    situation   in   Chile    (Fuentes,    these 
proceedings ) . 

because    fire    is    such    an    intimate   part   of   most 
Mediterranean-type   ecosystems,    researchers   and 
managers    recognize    the   need    to    better   understand 
its   role.      They    want    to    know   how   fire    behaves 
under  various    fuel,    weather,   and    topographic 
situations.      They   also   want    to    know   what    effects 
fires   of    various    intensities   and    frequencies, 
taking   place   during   various    seasons    of    tVie    vear, 
have   on    the   ecosystem.      There    is 

research    of    this    type   going   on   all    over    the    world 
(Albini   ana   Anaerson,    barber,    Delabraze    and 
Valette,    (^reen,    kruger,    Trabaud ,    Velez,    these 
proceedings) . 

Interest    in   Prescribed    Fire 


The   Australians    were    the    first    to    recognize 
that  a   policy   of    strict    fire   exclusion   and    suppres- 
sion  would   not    work    in   a   ^lediterranean-type   eco- 
system  adapted    to    fire.      In    the    early    1950's,    tliev 
began  a    program   of    perioaic    low-intensity    pre- 
scribea    burning    to    reduce    fuels    in    the    jarrah 
forest    (Shea,    these    proceedings),      Sliea    suggests 
that   a   change    in    the   prescribed    burning    regime    in 
the    jarrah    forest   may   now   be    wise.      ^lOderate-to- 
liigh    intensity    fire   woula    reduce    the    densitv    of 
the   unuerstory   species    banksia    grandis,    replacing 
it   on   some    sites   witli    leguminous    species.       Banksia 
granals    is   highly    susceptable    to   ana    is   a   major 
contributor    to    the   spread    of    the    soil-borne    fungus 
I'liytopthora    cinnamoui    Konds    whicli    causes    "Jarrah 
bieback. " 

Irescribeo    burning    in    South    Africa's    fvnbos 
began    in    the    late    19bO's,       burning    rotations    range 
frora    lU    to    2u   vears    aepending   on   site    and   vegeta- 
tion  characteristics    (kruger,    thiese    proceedings). 

Chaparral   managers    in    southern   California   tiave 
recognized    for   some    tine    that    a    policy    of    fire 
exclusion   ana    suppression   has   contributed    tu    tlie 
I'uiluup    of    wildlano    fuels.       but    with    soutliern 
California   weather,    fuel,    and    population   condi- 
tions,   prescribed    fire    was   considered    bv    the 
Forest    Service    to   be    too    risky   a  metlioa    of    reduc- 
ing   fuels.      Although    ranchers    have    been   burning 
wltli   perr.iits    for    some    30  vears,    not    until    the    last 
b    vears    or    so    witli    the    aevelopment    of    more    sophis- 
ticateo    equipment    such    as    the    helitorch    anu    more 
refineu    prescribea    burning    directions    (ijreen    1961) 


has    the    practice   of    prescribed   burning   become 
acceptable   on   National    Forest    lands.      There    is 
a   widespread    interest    in   continuing    developmeni! 
safe,    low-cost    burning    techniques    for    use    in   tl 
chaparral    (Bungarz ,    Green,    Rogers,    these 
proceedings ) . 


set 
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In  the  Mediterranean  countries  of  Europe, 
uncontrolled  burning  in  the  past  is  credited  w 
the  degradation  of  many  ecosvstems.  This  is  oi 
reason  why  prescribed  fire  has  not  been  used 
routinely  in  some  of  these  countries.  but,  as 
fuel  buildups  increase,  these  countries  too  ar«f 
showing  an  increased  interest  in  controlled  bui 
ing.  At  least  limited  burning,  for  research 
purposes  or  to  maintain  fuelbreaks,  has  been  dc 
in  France  (Delabraze  and  Valette,  these  proceec 
ings),  Italy  (Susmel  1977),  Greece  (Liacos  1971 
and  Israel  (haveh,  these  proceedings),  and  Spaii 
(Velez,  these  proceedings). 
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No  matter  what  the  extent  of  prescribed  fire' 
use  in  the  various  Mediterranean-type  regions  a 
the  world,  there  is  a  continuing  interest  in 
improving  its  use.  Answers  to  problems  such  as 
how  often  to  burn,  with  fires  of  wfiat  intensif; 
and  during  what  seasons  require  refinement  ever 
Australia   and    South    Africa. 

Attempts   at    Tvpe    Conversion 


The    highlv    flammalile    sclerophvl  lous    shrubs 
characteristic    of    manv   lied i terranean-tvpe    eco- 
systems  have   not    endeared    themselves    to    land 
managers.       In    some    areas   such    as   Chile    and    Spai 
the   shrubs    have    invaded    abused    grassland    or 
forests   making    them    less    useful    for   grazing    or 
wood    production-       In   other   areas    such   as    the 
chaparral    ecosvstems   of    southern   California, 
shrubbv   vegetation    is    the    fire    climax    tvpe.      Ir 
every    region,    attempts   have   been  made   or   are   be' 
made    to   convert    less    desirable    vegetation    tvpesLo 
more   desirable    ones.      The   desirabilitv   as   well    ; 
the    success    of    these   attempts   are    subjects    of 
debate . 


In    Israel,    controlled    burning    of    shrubs 
followed    bv    reseeding   witVi    perennial    grasses   ha 
been   carried    out    to    increase    grazing    potential, 
however,    maintenance    of    these   areas    bv    frequent 
fire   or    chemical    treatments    tends    to   l)e    either    'c 
expensive    or   not    ecologicallv    sound. 

To   stabilize    badlv  depleted    upland    sites. 
Israeli    foresters    began   several    vears    ago    to 
establish    linus    hale[)ensis    plantations.       Althcui 
tiiese    I'lantings    have    provided    wood    fiber   and 
recreation,    the    economics    of    such    plantings    are 
questionable.      tire    [irevention   and    suppression 
expenses    liavc    increased,    and    manv    trees    have    be||i 
lost    to    fire    (Laveh,    these    proceedings). 

The    current    trend    in    Israel    is    toward    establil 
r.ient    of    "t.iuI t  ilaverea  ,    seminatural    park-forests 
resembling    the    richest    semiopen   maquis    in   struc  ■ 
ture    and    stabilitv    but    being    of    much    greater        i 
ornamental,    recreational,    and    economic    value" 
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Javeh,  these  proceedings).   Time  will  tell 
lether  this  seemingly  more  natural  approach  to 
jgetation  manipulation  is  successful. 

In  the  province  of  Almeria  in  southeastern 
sain,  ICUNA  foresters  are  attempting  to  reestab- 
Lsh  holly-oak  (c^uercus  ilex)  forests  on  highly 
coded  sites  where  cutting  and  grazing  have 
sduced  the  oak  to  a  bushy  form  (Carrera  and 
thers,  these  proceedings).   They  are  regenerating 
le  stands  by  a  combination  of  sprouting  and,  in 
le  areas  without  bush,  planting  and  seeding, 
irrera  and  his  coauthors  gave  no  indication  of 
3W  long  this  project  has  been  underway,  but 
jparently  it  has  been  successful  thus  far.   Many 
Lne  and  Quercus  suber  plantations  have  also  been 
stablished  in  the  southern  provinces  of  Spain. 

In  his  discussion  of  the  jarrah  forests  of 
istralia.  Shea  (these  proceedings)  did  not  dis- 
uss  type  conversion  attempts.   He  did  mention, 
jwever,  the  thus  far  unsuccessful  attempt  to 
Dcate  a  salt-tolerant  tree  species  suitable  for 
lanting  in  forest  areas  where  the  native  jarrah 
as  succumbed  to  dieback.   The  introduced  species 
Duld  need  to  be  resistant  to  the  disease-causing 
ingus  Phytopthora  cinnamomi  Rands. 

Canas  and  others  (these  proceedings)  discussed 
lie  advantages  of  converting  natural  annual  pas- 
ares  to  cultivated  pastures.   Five  or  more  times 
s  much  dry  matter  can  be  produced  on  seeded  and 
rrigated  land  than  on  natural  pastureland.   At 
resent,  85  percent  of  Chilean  pastures  are 
itural.   Canas  and  his  coauthors  did  not  indicate 
3  what  extent  irrigation  might  be  feasible  in 
lilean  pasturelands  or  where  the  water  for  irriga- 
lon  would  come  from.   They  did  note,  however, 
:iat  farms  in  the  lowlands  with  better  access  to 
rrigation  had  converted  from  stock  production  to 
rie  more  profitable  production  of  fruits  or  other 
rops. 

The  concept  of  removing  southern  California's 
tiaparral  and  replacing  it  with  grasses  was 
eveloped  and  began  to  be  implemented  in  the  late 
950's.   These  type  conversions  were  designed  to 
educe  the  amount  of  wildland  fuel,  to  increase 
atershed  productivity,  and  to  increase  grazing 
ana.   The  high  costs  of  converting  to  grass  and 
ncreasing  concerns  about  the  use  of  herbicides 
or  brush  control  have  contributed  to  a  decrease 
n  type  conversion  activities  in  southern  Califor- 
ia.   Bolander  (these  proceedings)  indicates  that 
onversion  of  chaparral  to  grass  and  forbs  may  be 
easible  in  Arizona.   There,  rainfall  occurs  in 
he  summer  as  well  as  the  winter  providing  a  more 
ospitable  environment  for  grasses  and  forbs  than 
n  southern  California. 

Attempts  have  also  been  made  to  convert  south- 
rn  California's  chaparral  to  forest.   Many  of 
hese  plantings  have  failed.   Even  those  trees 
ble  to  tolerate  the  drought  conditions  and  poor 
oils  have  often  been  killed  by  the  frequent 
ilaf ires  of  the  region  (Radtke  1978)  . 


Some  small-scale  site  conversions  in  southern 
California  and  Arizona  have  been  carried  out  to 
grow  jojoba  (for  oil  production),  guayule  (for 
rubber  production),  and  other  useful  plants. 

The  increased  pressures  brought  on  by  popula- 
tions increasing  in  number  and  mobility,  the  need 
to  better  understand  fire  and  vegetation  relation- 
ships, the  increased  interest  in  prescribed  fire, 
and  the  desire  to  make  changes  in  the  vegetation 
type  are  just  a  few  of  the  common  concerns  or 
interests  expressed  by  the  international  speakers 
in  this  session.   Others  were:   (1)  an  interest  in 
the  history  of  the  land;  a  desire  to  know  what  the 
"natural"  fire  frequency  and  vegetation  type 
should  be;  (2)  a  recognition  of  the  environmental 
movement  that  became  vocal  during  the  1960 's  and 
has  continued  to  influence  land  management  activi- 
ties; and  (3)  an  emphasis  on  the  need  for  inte- 
grated and  planned  resource  management  involving 
input  from  many  disciplines;  an  interest  in 
modeling . 

CONCLUSIONS 

The  world  we  live  in  becomes  smaller  every  day. 
Long  distance  communication  and  travel  become 
faster  and  simpler. 

A  shrinking  world  offers  advantages  and  disad- 
vantages to  our  international  efforts  to  under- 
stand and  manage  Mediterranean-type  ecosystems. 
Managers  in  Australia's  jarrah  forests  have 
learned  already  the  disadvantages  of  international 
exchange — they  must  deal  with  the  imported  patho- 
gen Phytopthora  cinnamomi.   In  Arizona  and  Cali- 
fornia, native  perennial  grasses  and  forbs  are 
commonly  not  able  to  compete  with  imported 
annuals.   A  similar  battle  with  exotics  is  going 
on  in  South  Africa.   Damaging  photochemical  air 
pollutants  produced  in  Europe,  California,  and 
other  regions  of  the  world  cannot  be  expected  to 
respect  political  boundaries. 

But,  there  are  advantages  to  our  increased 
mobility  and  communicative  abilities  too.   New 
technology,  such  as  that  relating  to  prescribed 
fire,  developed  in  one  part  of  the  world  can  be 
made  available  to  other  countries  without  lengthy 
delays.   There  should  be  less  duplication  of 
research  activities  and  fewer  repeated  mistakes. 
Beneficial  exchanges  of  plant  material  will  con- 
tinue.  For  example,  in  their  search  for  a  salt- 
tolerant,  disease-resistant  tree  to  plant  in  areas 
where  "Jarrah  Dieback"  is  occurring,  the  Austra- 
lians are  not  limited  to  a  native  Australian 
species.   They  may  find  an  exotic  species  best 
suited  to  their  needs. 

It  is  important  that  we  work  towards  a  goal  of 
improving  management  of  Mediterranean-type  eco- 
systems and  recognize  that  the  world  is  small.   We 
must  be  ready  to  take  advantage  of  the  opportuni- 
ties that  improved  communications  and  mobility  can 
bring,  and  be  ready  to  cope  with  new  problems  as 
thev  arise. 
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isifying  Mediterranean  Ecosystems  in  the 
literranean  Rim  Countries  and  in 
thwestern  U.S.A.^ 

el  Barbero  and  Pierre  Qiiezel'^ 


lethods  of  classifying  ecosystems,  in  particu- 
forest  ecosystems^  which  represent  the  most 
lent  vegetation  structures,  have  developed  in 
>ry  different  manner  in  European  and  Anglo- 
>n  countries.   It  is  of  interest  to  compare  the 
lods  used  in  the  countries  bordering  the  Medi- 
ranean  Sea  and  in  Mediterranean  California, 
shall  not  discuss  again  the  physiognomic  and 
latic  analogies  existing  between  both  regions 
,  Di  Castri  and  H.  Mooney  1973),  and  shall  on- 
;ry  to  retrace  the  development  of  the  methods 
;lassifying  ecosystems  in  both  regions. 

[n  the  circum-mediterranean  area,  the  study 
regetation  started  very  early,  but  since  the 
inning  of  the  present  century  it  has  taken 
clearly  different  directions  : 

-  Physiognomic  studies  of  plant  communities  - 
global  study  of  vegetation  landscapes  and  of 

ir  relationships  in  space,  following  especial- 
:he  works  of  Flahault  (1897)  and  Gaussen  (1926) 

-  Phytosociology  -  the  analysis  of  plant  asso- 
:ions  based  essentially  on  floristic  releves, 

seeking  also  to  define  the  ecological  and  dy- 
LC  relationships  existing  between  the  various 
)ciations,  a  methodology  initiated  by  Braun- 
iquet  (1932).   Throughout  the  20th  century, 
1  methods,  originally  considered  as  difficult 
reconcile,  have  in  fact  been  the  basis  of  all 
;mpts  at  classifying  ecosystems,  though  other 
miques  were  elaborated  all  over  the  world  : 
Logical  groupings,  quantitative  studies,  tran- 
:  methods,  theoretical  models. 

[n  California,  as  in  the  whole  United  States, 
lods  of  classifying  ecosystems  have  nearly 
iys  been  founded  on  physiognomy.   There  has 
1  very  little  change  between  Cooper's  studies 
12)    and  the  recent  synthesis  by  Barbour 

Major  (1977);  the  interpretations  and  the  ve- 
il communities  described  remain  physiognomic 

are  mostly  defined  in  relation  to  dominant 
:ies.   It  should  be  emphasized  that  the  me- 
5  of  field  study,  even  using  releves  (quadrat 
Lnear) ,  are  extremely  diverse  in  the  United 
is,   practically  each  author  using  his  own  par- 
Lar  method.   American,  especially  Californian, 
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Abstract:   Methods  of  classifying  ecosystems  have 
developed  differently  in  Europe  and  America.   Indi- 
vidualization of  bioclimatic  zones  and  of  altitudi- 
nal  levels  proved  most  valuable,  particularly  the 
role  of  edaphic  factors.   This  methodology  can  be 
associated  with  the  vegetation  series  concept,  that 
is,  a  succession  of  community  types  which,  within  a 
given  altitudinal  level  and  bioclimatic  zone,  and 
for  specific  edaphic  conditions,  leads  to  establish- 
ment of  the  climax  community.   Man's  impact  in  these 
theoretical  schemas  can  be  directly  considered.  The 
methodology  is  open  to  numerous  applications. 


phytogeographers  have  often  engaged  in  sometimes 
quite  sophisticated  ecophysiological  or  autoecolo- 
gical  studies,  which,  in  spite  of  their  obvious 
interest,  can  not  be  used  as  classification  methods 
for  ecosystems . 

For  some  ten  years,  phytogeographers  of  the  Me- 
diterranean countries  in  the  Old  World  have  tried 
a  more  synthetic  approach  to  the  problems  raised 
when  defining  or  classifying  ecosystems,  together 
with  a  more  practical  analysis  of  the  problems, 
which  could  easily  help  in  ecological  planning  or 
management.   Purely  physiognomical  methods  allow 
us  to  apprehend  but  a  sm.all  part  of  the  ecological 
facts,  and  still,  in  a  very  artificial  manner.  In 
Morocco,  for  example,  the  ecosystem  "sclerophyl lous 
forest  with  Ouercus  rotundi folia"  that  corresponds 
to  an  homogeneous  physiognomic  unit   can  be  found 
between  500  and  3000  m  altitude,  under  annual  pre- 
cipitation varying  between  500  and  2000  mm  and  with 
mean  temperatures  ranging  between  5  and  17°  C.   In 
this  case,  a  classical  phytosociological  approach 
provides  valuable  complementary  information  by  dis- 
tinguishing in  this  whole,  several  syntaxonomic  u- 
nits  characterized  by  floristic  criteria  as  well 
as  specific  and  edaphic  requirements. 

However,  it  is  quite  obvious  that  in  the  Medi- 
terranean countries  of  the  Old  World,  strictly  phy- 
siognomical and  phytosociological  methods  are  now 
exhausting  their  scope  of  application.   Neverthe- 
less, in  spite  of  its  constraining  character  (nu- 
merous releves  are  necessary  together  with  an  ex- 
cellent knowledge  of  the  flora),  the  phytosociolo- 
gical method  has  made  it  possible  to  go  very  deep- 
ly into  the  analysis  and  classification  of  great 
ecosystems,  to  determine  their  respective  relation- 
ships and  to  establish  ecological  or  dynamic  anal- 
ogies between  geographically  disjoined  structures. 
Most  of  these  results  could  not  be  obtained 
by  a  purely  physiognomical  method,  and  it  is  to  be 
regretted  that  this  type  of  approach  is  only  just 
beginning  in  North  America  (Looman  1980  ;  Campbell 
1980). 

It  has  been  shown  recently  (Barbero  and  Ouezel 
1981)  that  the  phytosociological  method  remains  one 
of  the  best  means  of  approaching  planning  or  zoning 
problems  on  a  small  scale  (cf.  infra)  provided  that 
a  more  detailed  conception  of  vegetation  structures 
is  adopted  taking  into  account  the  heterogeneous- 
ness  of  stations  from  a  geomorphological ,  geopedo- 
logical  and  climatic  point  of  view.   This  technique 
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gives  a  preponderant  place  to  releves  that  are  of- 
ten limited  but  correspond  to  homogeneous  ecologi- 
cal criteria.  Therefore,  one  of  the  simplest  and 
most  significant  solutions,  to  classifying  ecosys- 
tems is  to  establish  correlations  between  ecologi- 
cal and  dynamic  approaches,  the  analysis  of  vege- 
tation structures  being  made  through  numerous  phy- 
tosociological  releves  (Braun-Blanquet  1952  ; 
Godron  et  al. ,  1968). 

The  major  interest  of  the  method  is  to  provide  a 
large  sum  of  information  with  many  possible  appli- 
cations, but  also  to  render  the  results  obtained 
by  different  authors  compatible  from  the  point  of 
view  of  typology  and  ecological  and  dynamic  charac- 
terization as  well  as  from  the  point  of  view  of  a- 
nalytical  interpretations. 


THE  ECOLOGICAL  APPROACH 

The  ecological  approach  relating  to  classifica- 
tion methods  for  ecosystems  at  a  small  scale  in  the 
Mediterranean  countries  cannot  be  but  a  global  one. 
No  doubt  that  at  this  stage  the  major  ecological 
factors  are  connected  with  the  climate,  since  all 
the  Mediterranean  areas  in  the  world  are  essential- 
ly, and  even  exclusively,  defined  by  this  type  of 
character.   But  climatologists  and  bioclimatolo- 
gists  of  the  Old  World,  as  well  as  those  of  Cali- 
fornia, are  far  from  having  the  same  idea  of  the 
mediterranean  climate.   Though  in  the  Old  World 
most  ecologists  or  biogeographers  are  agreed  In  mak- 
ing the  limits  of  the  mediterranean  climatic  region 
coincide,  at  least  approximately,  with  those  of  the 


Limits  of  Mediterranean  Isoclimatic  Area  (DAGET, 
1977)  ;  Black  :  Limits  of  the  Mediterranean 
Region  (ASCHMANN,  1973). 


Hachured  :  True  Mediterranean 
Climate  (ASCHMANN,  1973)  ; 
Packed  line  :  Limits  of  the 
California  floristic  Province 
(RAVEN  &  AXELROD,  1977). 


floristic  Mediterranean  region,  the  same  does  not 
hold  true  concerning  California,  as  appears  from 
interpretation  of    limits  usually  acknowledged 
for  both  units  by  climatologists  (Aschmann  1973) 
and  biogeographers  (Raven  &  Axelrod  1978)  . 


The  climatic  criteria 

The  criteria  established  in  order  to  define  tl 

Mediterranean  climate  are  alas  !  not  evident, 

though  certain  characters  such  as  summer  drought 

are  unanimously  admitted.   It  seems  that  De  Marti 

(1927)  was  the  first  to  define  the  mediterranean 

climate  as  a  temperate  climate  with  an  undisting', 

shable  winter,  pertaining  to  the  sub-tropical  zc 

and  characterized  by  a  cold  temperate  (average  tt 

peratures  for  the  coldest  month  >  5"  C)  and  humi 

season,  and  by  a  hot  and  dry  season  (average  tern 

ratures  for  the  hotest  month  >  20°  C) .   Let  us  my 

tion  the  definitions  given  by  Koppens  and  Geiger 

(1936),  Gaussen  (1954),  Trewartha  (1954).   The  r; 

suits  obtained  concerning  the  delimitation  of  th! 

Mediterranean  climatic  region,  though  different,' 

are  more  or  less  similar.   The  criteria  acknowle,- 

ged  by  North  American  climatologists,  in  particu' 

lar  Aschmann  (1973),  in  defining  the  Mediterrangii 

climate  in  California  are  distinctly  more  restril 

tive  (annual  rainfall  between  275  and  900  mm  out 

of  which  at  least  65  %  occurs  in  winter,  and  avea 

ge  monthly  temperature  >  1°  C)  ,  thus  contracting! 

the  limits  of  the  Mediterranean  region  in  the  01; 

World,  position  contradictory  to  the  observation 

concerning  vegetation  structures.   Only  one  clir 

tic  criteria  has  been  admitted  by  all  authors 

s 
when  defining  the  Mediterranean  climate  :  the  piS 
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sence  of  a  dry  period  within  the  hot  season,  the 
is  to  say, the  existence  of  a  period  when  the  ved 
tation  needs  more  water  for  its  survival  and  dev 
lopment  than  the  supply  it  receives.  Thus,  a  cJ 
mate  is  considered  to  be  of  the  Mediterranean  t;;e! 
when  it  fulfills  the  following  conditions  :  sumir 
is  the  dryest  season;  there  is  a  period  of  effeii- 
ve  drought. 


The  bioclimatic  criteria 

Water  balance  is  unfortunately  a  quite  compl 
problem  requiring  delicate  apparatus  and  experi 
ments .   Theoretically,  the  results  obtained  aft^ 
Thornthwaite  coefficients  (1948)  constitute  the 
best  method.   They  are  generally  usedjespeciall 
in  English-speaking  countries,  and  a  global  ap- 
proach to  the  problem  in  California  is  made  by 
Major  (1977)  .   This  method  is  also  practised  in 
the  Mediterranean  countries  in  the  Old  World,  b 
it  has  been  the  subject  of  various  critics,  and 
finally  it  does  not  seem  to  be  more  accurate  th 
other  empirical  methods.   In  the  Mediterranean 
countries  the  coefficients  defined  by  Emberger 
(1930)  and  Bagnouls  and  Gaussen  (1953)  are  gene 
ly  used  by  biologists  and  bioclimatologists .  Th 
most  comprehensive  attempt  is  represented  by  th 
bioclimatic  map  of  the  Mediterranean  zone,  and  p*^ 
analogues  in  the  world,  published  by  U.N.E.S.C 
(1963).   From  the  thermal  criteria  standpoint. 
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ouls  and  Gaussen  are  excluding  from  the  Medi- 
anean  climate  the  zones  with  a  monthly  average 
erature  under  0°  C  ;  American  authors  have  a 

restricted  position.   This  restriction  cer- 
ly  explains  the  numerous  confusions  and  doubt- 
classifications  of  the  Mediterranean  climate, 
ing  to  its  limitation  to  juxta-li ttoral  paral- 
strips,  with  mild  winters.   This  does  not  cor- 
ond  to  any  biogeographic  reality  and  leaves 
vast  zones  where  flora  and  vegetation  are  still 
estionably  Mediterranean .   If  we  admit  that 
e  are  no  limits  to  thermal  minima  when  indivi- 
izing  the  Mediterranean  bioclimates,     we  can 

distinguish  a  whole  scale  of  ecologically  evi- 

thermal  variants  (Emberger   1939). 


bioclimatic  zones 

n  the  same  way,  all  the  bioclimatologis ts  wor- 
;  on  the  Mediterranean  bioclimate  have  also  de- 
djin  relation  with  increasing  humidity,  diverse 
s  for  which  the  terms  mostly  used  are  :  arid, 
arid,  subhumid  and  humid  (Emberger  1930  ; 
nthwaite  1948).   These  facts  have  recently  per- 
ed  Daget  (1977)  to  define  an  isoclimatic  Medi- 
anean  area  corresponding  to  the  whole  north 
deal  territories  of  the  Old  World  characterized 
.  Mediterranean  type  bioclimate.   For  example, 
rger's  bioclimatic  coefficient  (Q2  =  2000  P  / 
i^)  in  which  P  is  the  annual  rainfall  in  mm,  M 
average  maxima  of  the  hotest  month,  m  the  ave- 
:  minima  of  the  coldest  month,  is  a  quite  clas- 
concept.   The  values  of  P  are  of  course  decisi- 
and  some  authors  (Le  Houerou  1971)  tried  to  use 
td  not  02  for  delimiting  bioclimatic  zones.   Pre- 
;ed  hereafter  is  the  hierarchization  and  its 
imatic  equivalents  generally  admitted  in  the  Me- 
irranean  region. 


Jioclimatic 

Q2 

P 

(in  mm  and  for 

types  : 

the 

cool   variant) 

perarid 

<  10 

<  100 

arid 

10  to  45 

100  to  400 

semiarid 

45  to  70 

400  to  600 

subhumid 

70  to  110 

600  to  800 

humid 

110  to  150 

800  to  1200 

per-humid 

>  150 

>  1200 

!n  each  of  these  bioclimatic  types  it  is  possi- 
to  distinguish  thermal  variants,  defined  in 
ition  with  the  values  of  m  (senso  Emberger) . 
generally  admitted  limits  (Daget  1977)  are 
following  : 

'he  combination  of  the  bioclimatic  zones  and 
r  climatic  variants  make  it  possible  to  esta- 
;h  a  diagram — the  climagram — (Emberger  1933) 
classic  in  Mediterranean  phytogeography . 


tudinal  levels 


Variant 

Values  of  m 

very  hot 

>  10°  C 

hot 

7  to  10°  C 

temperate 

3  to  7°  C 

cool 

0  to  3°  C 

cold 

-3  to  0°  C 

very  cold 

-7  to  -3°  C 

extremely  cold 

-10  to  -7°  C 

icy 

<-10°  C 

ollowing  the  works  of  Flahault  (1901),  Gaussen 
6),  Quezel  (1974),  Ozenda  (1975),  it  is  now 


conventional  to  distinguish  in  the  Mediterranean 
region  a  schematic  altitudinal  arrangement  of  spe- 
cies and  vegetation  types  corresponding  essential- 
ly to  thermal  criteria.   The  following  levels  are 
generally  distinguished  : 

-  an  Infra-Mediterranean  level  corresponding  in 
western  Morocco  only  to  the  Macaronesian  zone  with 
Argania  spinosa  and  Acacia  gummifera  ; 

-  a  Thermo-Mediterranean  level,  extending  all 
over  the  circum-Medi terranean  area,  made  up  of 
sclerophyllous  formations  with  Olea-Ceratonia , 
Pistacia  lentiscus,  Pinus  halepensis,  Pinus  bru- 
tia  and  Tetracli.nis  articulata  ; 

-  a  Meso-Mediterranean  level  mostly  constitu- 
ted by  sclerophyllous  forests  of  Quercus  ilex  and 
Q.  rotundifolia  in  western  and  central  Mediterra- 
nean, and  of  Q.  calliprinos  in  eastern  Mediterra- 
nean.  In  this  level  Pinus  halepensis  and  Pinus 
brutia  forests  are  paraclimax  ; 

-  a  Supra-Mediterranean  level  which  is  the  e- 
lective  domain  of  deciduous  forests  within  the  hu- 
mid bioclimate,  replaced  in  subhumid  and  even  se- 
miarid bioclimates  and  in  southern  Mediterranean 
by  an  upper-Mediterranean  level  dominated  by  scle- 
rophyllous oaks  ; 

-  a  Mountain-Mediterranean  level,  grouping  es- 
sentially highlands  coniferous  formations  (Cedrus, 
Pinus  nigra  and  the  Mediterranean  firs)  ; 

-  an  Oro-Mediterranean  level,  often  made  up  of 
grazed  greens  of  thorny  xerophytic  garrigues  with 
sparse  arborescent  Juniperus  ; 

-  an  Alti-Mediterranean  level  hardly  distingui- 
shable but  on  the  Atlas  or  the  Taurus,  where  only 
scattered  dwarfed  Chamaephytae  can  develop. 


Sythetic  climagrams 

In  the  countries  bordering  the  Mediterranean, 
the  distinguishing  of  bioclimatic  zones  and  alti- 
tudinal levels  proved  to  be  most  valuable  in  defi- 
ning and  classifying  ecosystems.   Botanists  and 
forest  people  can  thereby  individualize  plant 
groupings,  the  ecological  requirements  of  which 
can  easily  be  represented  on  a  climagram.   The 
studies  carried  on  for  some  ten  years  have  shown 
that  this  state  of  facts  is  generally  found  and 
that  each  climacic  forest  association  nearly  al- 
ways corresponds  to  one  or  several  divisions  of 
the  climagram.   This  was  confirmed  in  particular 
in  Greece  (Barbero  and  Quezel  1976)  in  Mediterra- 
nean Anatolia  (Akmann,  Barbero  and  Quezel  1978, 
1979),  in  Lebanon  (Abi-Saleh  1978)  and  in  Morocco 
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(Achhal  et  al.  1980).  We  should  not  overlook  the 
role  of  edaphic  factors,  which  are  of  particular 
importance  to  evidence  secondary  divisions  within 
the  great  biocliiaatic  systems.  The  results  obtai- 
ned with  this  method  in  Crete  (Barbero  and  Quezel 
1980)  are  particularly  suggestive. 

In  Mediterranean  California,  phytogeographers 
and  ecologists  have  never  considered  this  approach  ; 
they  did  not  proceed  further  than  a  global  physio- 
gnomic approach  of  great  systems.  Let  us  note,  ho- 
wever, that  Whittaker  (1951)  and  l-fhittaker  and 
Niering  (1965)  have  proposed  an  altitudinal  zona- 
tion  of  vegetation  based  upon  releves,  which  at 
least  permits  a  comparison  with  the  above-mentio- 
ned conceptions  of  European  authors  or  with  the 
more  recent  diagrams  established  by  Rundel  et  al . 
(1977)  in  the  Sierra  Nevada  forests. 


THE  DYNAMIC  ASPECTS 

The  first  synthetic  interpretation  of  the  dyna- 
mics of  this  vegetation  is  probably  that  given  by 
Braun-Blanquet  in  his  work  on  the  Ouercus  ilex  fo- 
rests of  Languedoc.  There  he  adopted  the  concept 
of  "vegetation  series"  as  previously  defined,  par- 
ticularly by  Flahault  (1897),  and  placed  it  within 
the  phytosociological  context.  This  notion  of  "dy- 
namic series"  is  of  ever-increasing  importance  in 
phytosociology  at  the  present,  since  it  constitu- 
tes a  major  connecting  element  in  any  attempt  to 
interpret  the  development  of  vegetation.   A  vege- 
tation series  may  be  seen  as  a  succession  of  com- 
munity types  which,  within  a  given  region,  in  a 
given  altitudinal  level  and  bioclimatic  zone  and 
for  given  edaphic  conditions,  leads  to  the  esta- 
blishment of  the  climax  community.   The  succession 
can  be  either  progressive  or  regressive,  reversi- 
ble or  irreversible  according  to  the  case  in  point. 
The  more  classic  schema  of  succession  in  the  Medi- 
terranean-type ecosystems  with  humid  or  sub-humid 
climate  and  at  the  mesomediterranean  level  is  the 
following  :  annual  grassland  _» perennial  grassland 
—*  scrubs  _»  pre-forest  formations  —» climacic  fo- 
rest.  Some  of  these  terms  should  be  explained  : 

-  under  the  name  of  "scrubs"  are  grouped  dense 
structures  made  up  of  erect,  30  to  200  cm  high 
chamaephyts  for  which  the  term  "matorral"  is  also 
currently  used  instead  of  "maquis"  or  "garrigue" 
which  have  a  more  restrictive  connotation 
(Tomaselli  1976)  ; 

-  under  the  name  of  pre-forest  are  defined 
structures  mainly  composed  of  Phanerophyts  with 
still  abundant  Chamaephyts  on  azonal  soils  and 
susceptible  to  develop  naturally  into  typical  fo- 
rest formations  ; 

-  under  the  name  of  forest  we  mean  here  dense, 
usually  climacic  formations  with  Phanerophyts  on 
mature  (zonal)  soils  and  with  a  generally  herba- 
ceous lower  stratum. 

It  should  be  noted  that  this  schema  is  only 
valid  for  humid  and  subhumid  bioclimates,  yet  wi- 
thout their  dynamic  variables  "very  and  extremely 
cold".   Under  the  semiarid  climate  (from  cool  to 
very  hot),  the  succession,  except  for  meso-  or  mi- 


croclimatic compensations,  comes  to  a  standstill  o' 
with  pre-forest  formations,  mostly  with  Pinus  hal!  i" 
pensis,  Pinus  brutia  or  Tetraclinis  articulata, 
but  sometimes  also  with  sclerophyllous  or  deci- 
duous oaks.  Moreover,  under  arid  bioclimate  as 
a  whole,  and  also  under  the  cold,  very  cold  or  e 
tremely  cold  variables  of  other  bioclimates, succ 
sion  hardly  proceeds  further  than  the  stage  of 
scrubs  (matorral  or  steppe)  or  that  of  pre-stepp 
forests  when  human  action  is  still  weak.  Let  us 
state  that  the  pre-steppic  forest  consists  of  wi 
dely  scattered  and  generally  not  well  grown  tree 
among  which  Juniperus  species  often  play  an  impc 
tant  part  ;  practically  no  significant  accompa 
nying  forest  species  can  be  found  in  the  lower 
stratum. 


;: 


s 


Under  the  conditions  described  above  —  the  Sc 
geographical  region,  the  same  altitudinal  and  hi 
climatic  zones,  the  same  edaphic  conditions  and 
substrata  —  only  one  vegetation  series  can  occui 
Conversely,  for  a  given  region,  even  if  relative! 
small,  if  these  same  criteria  vary,  different  ve 
getation  series  can  be  distinguished.  From  this 
viewpoint,  the  example  of  Lebanon  is  particular! 
significant  (Abi-Saleh  1978). 


Vegetation  dynamics  and  man's  action 

In  the  above-described  theoretical  schemas  ai 
classifying  systems,  man's  impact  has  not  been  i 
rectly  considered  ;  no  need  to  recall  its  drasti 
impact  on  the  totality  of  the  circum-mediterranfll 
ecosystems  (Pons  and  Quezel  1980).  Cattle  bree 
ding  and  cultivation  began  in  the  Near-East  mor 
than  10^000  years  ago  ;  they  extended  in  Crete  c 
Greece  towards  8000  B.P.  and  in  western  Mediter 
ranean  around  7000  B.P.  In  spite  of  its  import; 
human  action  on  Mediterranean  vegetation  did  not' 
bring  any  catastrophic  modifications,  until  the  |i 

century.   The  situation  was  entirely  modified! 
towards  the  first  half  of  last  century,  essentia 
ly  owing  to  the  breaking  off  from  traditional  pi- 
ploitation  techniques  (mechanization) ,  to  the  c 
siderable  increase  of  population  and  to  new  hab:i!sj 
of  modern  society.   It  is  quite  obvious  that  an; 
attempt  to  interpret  and  classify  Mediterranean 
cosystems  should  attach  the  utmost  importance  t<j 
these  events . 


A  particularly  important  problem  in  the  vegeM 
tional  dynamics  and  evolution  is  that  of  fire,ai' 
it  seems  difficult  not  to  evoke  it  here  considenj 
the  particular  part  assigned  to  it  by  numerous  .- 
thors  in  the  countries  with  a  Mediterranean  clii-_ 
te  (Hanes  1971  ;  Le  Houerou  1973  ;  Naveh  1974). 

In  the  Mediterranean  French  region,  several 
works  allow  us  to  propose  a  seemingly  quite  real 
tic  schema  concerning  the  role  of  fire  in  the  '| 
rigue  languedocienne"  (Trabaud  1980) .   This  dynll 
schema  is  consistent  with  the  recent  conception  of 
numerous  authors  regarding  the  dynamic  signif  ic  .ci; 
of  "matorrals".   But  in  California,  phytogeogra'  ) 
phers  and  ecologists  think  that  "chaparrals"  ge  " 
rally  constitute  climax  groupings  for  which  an  o- 
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Ion  into  forest  structures  cmnot  be  considered, 
lave  previously  (1979)  presented  our  point  of 
'  about  the  question.   However,  let  us  recall 

some  authors  (Patric  and  Hanes  1964)  consider 
possibility,  at  least  locally,  of  an  evolution 
chaparral  into  forest.   No  doubt,  a  study  carried 
ion  the  basis  of  the  above-described  model  would 
;  it  possible  to  determine  their  dynamic  poten- 
.ities. 


lODS  OF  CLASSIFYING  ECOSYSTEMS  AND  THEIR 
l.ICATIONS 

.'his  methodology  is  not  purely  analytic  or  des- 
,)tive  ;  it  opens  directly  on  numerous  applica- 
18.   The  major  ones  will  be  presented  here. 


:ography 

instead  of  a  simple  physiognomic  representation 
'egetation,  dominant  species  or  vegetal  asso- 
ions,  cartography  allows  us  to  establish  "se- 
;  of  vegetation"  and  it  leads  thus  to  a  carto- 
)hy  of  potential  structures  showing  not  only 
vegetational  dynamics  but  also  its  ecological 
lifiance  in  relation  with  climatic,  altitudinal 
■ven  edaphic  criteria.   This  technique  makes  it 
ible  to  estimate  in  a  fairly  precise  manner 

L forest  or  agronomic  potentialities  and  to  pro- 

|:,  on  the  basis  of  a  simple  field  experimenta- 

1,  management  solutions  ;  forest  techniques, 

ce  of  species  for  re-afforestation,  delimita- 

of  re-afforestation  areas,  and  best  utiliza- 

of  soils.   In  California,  where  an  analysis 

:,he  different  methods  utilized  has  just  been 
(Calwel  1977),  it  has     proceeded  no  further 

i  a  representation  of  the  prevailing  forest 
s  or  of  the  major  physiognomic  vegetation 

/Ctures,  generally  delimited  thaiiks  to  air  c>r 
Hire  photographs. 


ytical  methods  and  biological  indicator^-' 


llie  various  methods  of  numerical  analysis  have 
I  used  very  early  by  phytoecologistt  in  the 
terranean  countries  of  the  Old  World  as  wpH 
n  America  mostly  from  phytosociological  rele- 
and  for  miscellaneous  purposes.   These  methods 
w  us  to  confirm  (in  most  cases)  or  to  invali- 

the  conclusions  derived  from  the  interpreta- 

|i  of  vegetational  structures.  But  they  also  raa- 

t  possible  to  evidence   a  whole  series  of  spe- 

or  groups  of  species  indicating  ecological  or 

mic  criteria.   According  to  the  floristic  and 

ogic  characters  in  a  given  region  (Barbero  and 

;el  1981)  and  for  each  dynamic  series  of  vege- 

on,  stability,  change  or  compensation  indica- 

;  (Ammer  1976)  can  easily  be  defined,  which  are 

related  to  such  and  such  climatic  or  pedolo- 
factors  :  they  are  bioclimatic  indicators. 


Ecological  zoning 

The  ecological  zoning  is  widely  practised  in 
Europe  (Long  1974)  and  in  North  America  (Mc  Harg 
1971)  ;  it  is  considered  as  absolutely  necessary 
to  any  serious  realization  of  management  planning. 
The  above  described  method  of  classifying  ecosys- 
tems, combined  with  cartography  techniques  and 
with  the  help  of  biological  indicators  can  lead  to 
concrete  propositions  of   zoning  on  a  small  or 
medium  scale.   The  ecological  zoninp,   must  essen- 
tially take  into  account  the  following  points  : 

-  the  ecological  diversity  of  the  environment, 
which  can  easily  be  apprehended  thanks  to  the  phy- 
toecological  methods  just  described  ; 

-  the  edaphic  potentialities,  which  must  be  pro- 
perly defined  according  to  the  objects  aimed   at 
(new  cultivation  of  land,  establishment  of  a  pro- 
ductive forestry,  extension  of  pasture  land)  ; 

-  the  search  for  biological  indicators  which  may 
bring  valuable  information  :  bioclimatic  indicators 
such  as  the  phenology  (blossoming)  of  certain  spe- 
cies with  the  prospect  of  a  mesoclimatic  zonation  ; 
potentiality  indicators  in  order  to  define  the  en- 
vironmental capacity  and  how  to  improve  it  (re-af- 
forestation, pastoralism,  biomass,  etc  ...)  ; 

-  estimation  of  the  biological  and  economic  va- 
lue of  vegetation  structures,  with  a  view  to  pro- 
tecting soil,  development  of  marginal  areas  and 
the  way  for  man  to  exploit  them  without  neglecting 
preservation  problems  with  regard  to  ecosystems 

as  well  as  the  genetic  capital. 

This  approach,  which  constitutes  the  logical 
and  practical  issue  of  any  attempt  at  classifying 
ecosystems,  seems  to  be  the  only  means  to  reveal 
the  real  potentialities  and  utilization  limits  of 
vulnerable  ecosystems. 
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etation  Classification— California' 


r'tli>  E.  Paysen- 


Abstract:   Vegetation  classification  in  California 
is  evolving  rapidly.   Broad-brush  classes  gener- 
ated by  resource  management  functions  and  ecolo- 
gists  are  not  suitable  for  many  current  needs.   A 
new  California  system  for  vegetation  classifica- 
tion fills  many  current  needs  for  communication 
between  disciplines  and  for  linking  existing 
classification  systems. 


egetation  classification  is  in  a  state  of  dis- 
r;  it  is  therefore  a  subject  of  concern  to 

people.   Many  different  systems  are  in  use 
ughout  California.   They  do  not  focus  on 
'tfic  zones  within  the  State,  but  instead  on 
icular  kinds  of  vegetation  (frequently  a 
It  of  resource  management  emphasis)  or  on  a 
'icular  community  or  type  definition  (table  1). 
equently,  several  systems  may  be  used  in  a 
n  portion  of  the  State — often  on  a  single 
ted  acreage. 

he  variety  of  vegetation  classification  sys- 
now  in  use  causes  serious  interdisciplinary 
orunication  problems.  The  divergence  of  princi- 
li  behind  the  systems  creates  confusion,  botli  to 
tiiL'  wlio  compare  classification  results,  and  to 
III  u  who  use  the  systems  and  try  to  communicate 
n  n.iat  ton. 

he  need  for  a  common  system  for  classifying 

fltation  has  increased  over  the  years,  growing 
^  severe  and  urgent  as  classification  in  the 
t  f  has  become  more  complex.   Vve  are  attempting 
D ett  that  need  with  a  system  that  approaches 
m required  universality. 


he  form  of  the  new  California  vegetation 
sification  system  reflects  a  careful  evalua- 

of  the  role  of  such  a  system  and  the  require- 
s  of  one  that  would  serve  as  a  common  class i- 
tion  language.   Vegetation  classification  in 
fornia  lends  itself  well  to  such  evaluation 
use  it  is  the  result  of  an  evolutionary  proc- 
by  reviewing  this  evolution,  we  can  see  how 
goal  of  a  classification  system  affects  Its 
,  ana  how  confusion  results  from  attempts  to 
the  system  accomplish  goals  bevond  its  proper 
On  this  basis,  the  rationale  for  the  new 
eni  can  oe  better  apiireciateu  ,  and  its  a[) plica- 
understood. 


LSFACT  01  OiiA:,oL 

S   neeos    have    evolved,    vegetation   class  if Ica- 
systens    used    in   California   havt>    changed    in 


I'resentea    at    tlie    Svr.iposiuni   on   Lynanics    and 
terient    of    '.ed  iterranean-type    i.cosvst  ens ,    June 
0,    l<)ol  ,    ban   JAego,    Oalifornia. 

^esearcl,    lorester,    iactfic    Southwest    rorest 
t^ange    hxperinient    Station,    lorest    S<jr\'ice,    L.... 
rtiient    of    A^;r  icul  turc  ,    Kivorslce,    v.<illi. 


'ech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 


emphasis   and    in    the    intensity    of    classification 
they    provide.      This    evolution   has    been    influenced 
by  different    schools   of    vegetation   ecology    (mainly 
Clements,    Braun-Blanquet ,    and    Daubenmire),    by 
various    resource   management    disciplines,    and    by 
the    distribution   analyses    of    taxonomists   and    other 
botanists.      The    evolution    reflects   a    refined 
awareness    of    the    nature    of    vegetation    in    the 
State,    and    a   refinement    of    resource   management    and 
research   goals. 

The    systems    used    in   California    reflect    highly 
specific    goals.       Increasing   specialization    in    both 
resource   management    functions    and    academic   disci- 
plines  has    led    to   creation    of    many   single-purpose 
classification   systems    that    categorize    vegetation 
from   a    particular    perspective.      Often    these    sys- 
tems  go    beyond   mere    categorization   and    classify 
such    characteristics    of    vegetation  as    its    suit- 
ability   for   a   particular    use,    the    nature    of    its 
dynamics,    or    its   environmental    affinities. 

The    changes    that   have    occurred,    with    their 
resulting    problems    of    communication    between   users 
of    different    systems   and    of    complexity    in    the 
systems    themselves,    are    not    unique    to   California, 
as   a    review   of    the    literature   will    show    (Whittaker 
1962,    Shimwell    1972).      Uliat    is    unique    is    the 
relatively   short    period    of    time    over   which    ttie 
changes   have    occurred,    and    the    impact    they   have 
had    on    the    overlapping    activities   of    a   mobile    and 
diverse    group    of    people.      This    impact    has    stimu- 
lated   practitioners    and    researchers    to   evaluate 
current    methodologies   and    the    trend    of    thought 
they    represent,    and    to   ask    if    ttiere    is    a   better 
course   of    action. 


A    hISToKICAL    PLKSPtCTIVh 

California's    early   explorers    left    records    de- 
scribing   vegetation    in    broad    terns.        They    recog- 
nized   and    described    broad    physiognomic    patterns    on 
the    landscajje.    and    did    not    classify    witli    more 
precision   until    tlie    need    arose.      Consequently, 
they    left    descr  i[)  t  ions    of    grasslands    in   our    v.il  lev 
hottor.-,.s,    zones   of    chaparral    and    conifers,    and 
rijiarian    vegetation    along    strcanis. 


Kxtracts    froi.i    the    files   of    Ali>crt    1-. 
..ieslauGcr ,    tacific    Southwest    lorest    and    ivange 
Lxj/i-i- inent    Station,    Lerkclev,    Calif. 
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During  the  late  19th  and  early  20th  century, 
b.  anists,  taxonomists,  and  dendrologlsts — such  as 
K.  logg  (Kellogg  and  Greene  1889),  Abrams  (1912), 
P sons  (1966),  and  Sudworth  (1967) — were  explor- 
i  the  State  in  order  to  catalog  its  plant 
s  cies.   Their  approach  was  still  to  Identify 
b  ad  physiognomic  patterns  of  vegetation  and  life 
zi  es. 

The  need  to  address  and  describe  vegetation  as 
g:  entity,  rather  than  a  collection  of  individual 
8  cies,  began  to  emerge  with  interest  in  Cali- 
f.nia's  vegetation  as  a  resource.   The  two  pre- 
d' inant  resources  in  California,  timber  and 
r.  ge ,  gave  rise  to  divergent  management  views  of 
VI  e  tation. 

■  Forested  areas  in  California  were  addressed  in 
D  ad  classification  systems  that  reflected  an 
1  erest  in  timber  production.   Such  vegetation 
t  es  as  Pine,  Fir,  Redwood,  Mixed  Conifer,  and 
B sh  were  described  (Show  and  Kotok  1929, 
B slander  and  Jensen  1946).   Emphasis  was  placed 
conifers,  northern  California,  the  Sierra  ,  and 

few  forested  areas  of  southern  California, 
s  emphasis  has  been  frustrating  to  people  with 
interest  in  Mediterranean  vegetation,  because 
virtually  ignored  the  Mediterranean  climate 
ions  of  California. 


Range  managers  also  classified  vegetation  in 
bad  terms  (Stoddart  and  Smith  1943),  but  they 
g'erally  attempted  to  describe  local  stands  in 
d  ail  (Beeson  and  others  1940;  U.S.  Dep.  Agric, 
F  est  Serv.  1969).  Range  managers  were  naturally 
c  cerned  with  short-term  succession  because  of 
t  way  vegetation  on  annual  plant  rangelands 

V  ies  from  year  to  year  in  response  to  vagaries 

0  weather  and  use.   They  evaluated  the  succes- 
s  nal  status  and  degree  of  development  of  each 
s  nd ,  much  along  the  lines  of  the  Clementsian 
s ool  of  ecology  (Weaver  and  Clements  1938). 

B  ng  so  concerned  with  the  complexities  of  herba- 
c  us  vegetation  dynamics,  range  managers  made 

1  tie  attempt  to  recognize  precise  communities  or 
p  cise  vegetation  types,  and  confined  their 

S  tem  to  broad  classes,  qualified  stand  by  stand. 

An  interest  in  vegetation  ecology  resulted  in 
Cper's  study  and  classification  of  the  sclero- 
p  llous  vegetation  of  California  (Cooper  1922). 
h  addressed  vegetation  in  much  the  same  manner  as 
Cments,  but  saw  little  need  to  give  climax 
c  munities  and  serai  communities  different  nomen- 
c  tare.   Cooper's  work  bears  the  mark  of  its 
te;  his  classification  was  broad,  but  he  recog- 
1  ed  the  variability  that  exists  within  Califor- 
n  's  sclerophy llous  communities. 

I 

}   As  general  resource  management  abilities  became 
r  ined ,  and  the  need  was  felt  to  understand  the 
d  amies  and  ecology  of  our  vegetation  more  fully, 
i  erest  arose  in  recognizing  and  describing  the 

V  lability  in  California's  vegetation  more  pre- 
c ely  than  in  the  past.   In  the  1930's,  fire 

■D  agement  planning  in  southern  California  gave 
1- etus  to  an  ambitious  classification  and  mapping 


of  California's  vegetation  (Wieslander  1935).   In 
this  effort,  Albert  Wieslander  also  addressed 
broad  physiognomic  patterns  of  vegetation,  but 
recognized  subclasses  of  these  types  in  greater 
detail  than  anyone  before  him.   He  also  described 
dominant  plant  species  within  each  subtype.   The 
results  of  his  work  are  found  in  many  vegetation 
maps  produced  by  the  California  Forest  and  Range 
Experiment  Station  (Critchfield  1971).   This 
effort  resulted  in  California's  chaparral  being 
broken  down  into  more  than  one  class  (table  1). 
Wieslander 's  work  has  been  abstracted  and  modified 
in  various  ways  to  meet  the  vegetation  classifica- 
tion needs  of  wildlife  managers  (Jensen  1947)  and 
timber  managers  (Wieslander  and  Jensen  1946).   His 
influence  is  seen  in  the  way  others  have  since 
mapped  and  described  California's  vegetation. 

In  later  years,  Philip  Munz  developed  a  vege- 
tation classification  system  to  facilitate  the  use 
of  his  California  Flora  (Munz  and  Keck  1963). 
Because  it  accompanied  his  Flora,  it  has  become 
one  of  the  most  popular  systems  in  the  State.   It 
is  not  a  true  vegetation  classification  system, 
but  rather  identifies  a  broadly  conceived  set  of 
biological  communities  characterized  by  specific 
kinds  of  vegetation.   It  also  shows  the  influence 
of  timber  and  range  interests  (table  1).   His 
plant  communities  lean  heavily  towards  forest  and 
rangeland  vegetation,  and  chaparral  is  relegated 
to  a  single  class. 


THE  PRESENT 

Today,  the  general  classes  typical  of  past 
systems  are  unsatisfactory  for  many  current  needs . 
For  example,  the  broad  timber  types  do  little  to 
promote  understanding  of  forest  vegetation  in 
terms  other  than  timber  production.   Even 
Wieslander 's  work  is  still  too  general  for  many 
specific  needs.   Munz'  system  is  too  ambiguous  for 
site-specific  application. 

Interest  in  vegetation  ecology  and  plant  ecol- 
ogy has  generated  divergent  systems  for  character- 
izing vegetation  types,  plant  ecosystems,  and 
biological  communities  wherein  plants  reside. 
Habitat  types,  after  the  manner  of  Daubenmire 
(1968),  have  been  described  for  some  northern 
conifer  forests  by  Sawyer  and  Thornburgh  (1977), 
and  a  system  of  biological  communities  has  been 
developed  by  Thorne  (1976).   Cheatham  and  Haller 
listed  habitat  types,  with  subdivisions,  identi- 
fied within  the  University  of  California  Natural 
Land  and  Water  Reserves  System.   Their  habitat 
types  are  equivalent  to  Munz'  plant  communities, 
and  the  subdivisions  show  sensitivity  to  habitat 
variability.    Southern  California's  vegetation  is 
addressed  in  a  biome  system  developed  by  Brown  and 


Cheatham,  Norden  H. ,  and  J.  Robert  Haller.   An 
annotated  list  of  California  habitat  types.  1975. 
(Unpublished  manuscript). 
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Lowe  for  the  southwestern  United  States  (Brown  and 
others  1979).   Vegetation  characteristics  of  many 
specific  localities  have  been  described  by  various 
authors  (hanes  1976,  1977;  Vogl  1976;  Mlnnlch 
1976;  Horton  1960),  whose  descriptions  range  from 
broad  physlognomlcally  defined  zones  to  detailed 
vegetation  types  developed  through  the  Interpreta- 
tion of  aerial  photographs. 

Current  understanding  of  California's  vegeta- 
tion and  Its  ecology  has  been  summarized  recently 
In  a  volume  edited  by  Barbour  and  Major  (1977). 
Although  this  work  does  not  address  the  classifi- 
cation of  vegetation  as  such.  It  contains  a  map  of 
California's  potential  natural  vegetation — with  a 
legend — by  Kuchler. 

The  vegetation  descriptions  In  all  the  work  I 
have  mentioned  were  developed  In  support  of  spe- 
cific technical  activities,  ranging  from  timber 
management  to  pure  vegetation  ecology,  and  their 
level  of  abstraction  reflects  specific  viewpoints. 
As  a  result,  we  have  not  had  a  single  system  for 
classifying  vegetation  that  has  been  generally 
satisfactory. 

The  direct  Impetus  to  develop  a  widely  accept- 
able treatment  of  California's  vegetation  comes 
from  resource  management.   Those  responsible  for 
the  various  resource  management  functions  find 
that  they  must  understand  the  nature  and  dynamics 
of  vegetation  In  more  precise  terms.   They  also 
recognize  that  people  In  different  functions  can 
work  together  easily  If  there  Is  a  common  language 
to  describe  the  vegetation  resource,  but  not  when 
each  function  relies  strictly  on  Its  own  technical 
classification  system. 

Although  researchers  and  resource  management 
specialists  In  California  agreed  on  the  need  for  a 
system  that  would  be  usable  by  most  professionals, 
they  were  uncertain  as  to  Its  feasibility.   The 
patterns  of  vegetation  people  recognize  are 
strictly  a  reflection  of  their  particular  needs, 
their  training  and  background.   To  determine 
feasibility,  extensive  testing  was  carried  out 
with  Individuals  from  a  variety  of  disciplines, 
resource  management  agencies,  and  academic  pur- 
suits (Paysen  and  others  1980).   A  unit  of  vegeta- 
tion was  identified  as  one  that  all  people  who 
deal  professionally  with  vegetation  recognize;  it 
was  called  the  Association,  and  was  adopted  a,s  the 
basic  unit  of  the  new  classification  system  for 
Cal ifornla . 


A  UhW  VU.i/rATiui.  CLASSlFICAriuK  h.YSTtJ-1 

The  new  system  is  a  component  vegetation  clas- 
sification system;  it  addresses  just  the  vegeta- 
tion component  of  ecosystems.   It  does  not  address 
the  ecology  of  vegetation,  nor  does  it  explain 
piivtosoclologlcal  relationships.   It  follows  that 
the  system  is  "neutral"  with  regard  to  plant 
community  succession;  it  can  be  applied  to  setal 
vegetation,  potential  vegetation,  or  climax 
vegetation. 


The  system  Is  designed  around  an  aggregative 
hierarchy,  its  focus  being  a  site-specific  plant 
community.  The  same  plant  community  Is  traced 
upward  through  the  hierarchy  at  decreasing  level 
of  descriptive  precision  (table  2).  The  system' 
focus  and  hierarchical  design  make  it  a  flexible 
tool  for  crosswalklng  between  other  vegetation 
classification  systems.  They  also  make  It  adapt 
able  to  many  phytosoclology  and  other  ecology- 
based  schemes  for  analyzing  plant  communities  an 
explaining  their  dynamics. 

The  elements  that  distinguish  communities  and 
provide  the  basis  for  community  nomenclature  are 
readily  discernible,  and  are  common  to  people's 
perception  of  vegetation  character.  The  system 
therefore  usable  by  a  wide  range  of  people.  The 
system  distinguishes  the  physiognomic  character 
communities  as  well  as  predominant  floristlc 
differences. 


The  system's  basic  unit,  the  Association,  is 
named  in  terms  of  the  dominant  overstory  species 
and  the  dominant  species  in  subordinate  layers 
(dominance  is  based  upon  relative  crown  cover 
within  a  layer).   Under  strict  rules  of  nomen- 
clature, codorainant-associated  species  can  be 
Included  in  the  Association  name.   Associations 
are  aggregated  into  Series  according  to  domlnan 
overstory  species.   The  Series  are,  in  turn, 
aggregated  into  Sub  format  ions  according  to  leaf 
and  stem  morphology.   Sub  formations  are  finally 
aggregated  to  Formations  on  the  basis  of  the 
growth  form  of  the  overstory  species. 

An  additional  category,  called  Phase,  is  pro' 
vlded  to  facilitate  the  link  to  existing  vegeta- 
tion classification  systems.  It  is  flexible  anc 
can  be  used  to  describe  such  things  as  stand  ag£ 
condition,  or  stage  of  development.   It  can  be 


Table  2 — The  hierarchy  of  the  new  California 
vegetation  classification  system,  with  classifi- 
cation criteria  for  levels  and  examples  of 
classes  within  each  level. 


Level 


t-  o  rma  t  i  o  n 
Sub  format  ion 

Series 

.Association 


Criteria 


Example 


.vsiognomy 


Woodland 


Stem   and    leaf  broad  leaf    woodli 

morphology 

Dominant    species  Canyon    live    oak 
in   overstory 

Dominant    species  Canyon    live    oak/ 

in   all    layers  shrub    live   oalt 

mountain    lilac 


Ihase 


Flexib  le  : 

user    criteria 


Age    4 (J   yr;    crowi| 
c  o  ve  r   A  0   pet, 


.|-J 
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B  lied  to  any  level  in  the  classification  hier- 
a  hy.   Phase  does  not  enter  into  the  formal 
C  ssification  of  plant  communities,  but  is  used 
B  a  qualifier  once  the  community  has  been 
c  ssif ied  . 

The  Phase  provides  a  logical  point  of  entry  to 
t  classification  system  from  technical  systems 
t  t  are  based  on  a  particular  functional  perspec- 
te.   By  describing  Phases  in  timber  management 
t'ms,  and  aggregating  some  classes,  we  reach 
B  ndard  timber  types;  if  the  classes  are  left 
aggregated,  they  provide  a  good  framework  for 
givicultural  prescriptions.   By  defining  Phases 
t  t  describe  local  site  indicators,  we  relate  the 
liociations  to  the  scheme  for  addressing  vegeta- 
t  n  employed  by  the  Zurich-Montpellier  school  of 
pi  tosociology  (Becking  1957).   At  upper  levels  of 
t    system's  hierarchy,  vegetation  units  can  be 
fbined  with  climate,  geography,  and  soils  data, 
raiting  in  community  descriptions  that  fit  the 
DISCO  (1973)  system  for  classifying  and  mapping 
vietation  on  a  worldwide  basis. 

This  is  a  system  for  classifying  vegetation 
r.  her  than  a  classification  of  vegetation.   It 
di  8  not  limit  a  user  to  a  preconceived  set  of 
esses;  instead,  it  allows  a  user  to  identify 
C'raunities  as  they  actually  exist.   The  rules  for 
ess  recognition  and  definition,  as  well  as  those 
fi  nomenclature,  are  such  that  a  significant 
ai unt  of  information  can  be  conveyed  about  a 
cmunity  with  a  class  name — and  perhaps  with  a 
Pise  designation. 

The  new  California  system  underwent  extensive 
-f  Id  testing  over  a  period  of  several  years,  and 
•h.  proven  to  be  a  good  crosswalking  mechanism, 
lis  a  good  vehicle  for  communicating  information 
alut  vegetation  between  a  variety  of  disciplines, 
a:  an  excellent  framework  to  use  in  developing  an 
u erstanding  of  vegetation  dynamics.   The  system 
E  s  well  with  existing  systems  for  classifying 
vietation  or  abstractions  from  vegetation  (such 
i! timber  types  and  range  types),  and  for  class i- 
fng  the  processes  of  vegetation  dynamics. 

The  system  is  compatible  with  those  being  used 
l:adjacent  States.   Correlations  can  be  defined 
txween  the  Association  and  the  plant  communities 
3ing  classified  in  Oregon  and  Washington  (Hall 
I' 3,  1976),  and  the  Associations  being  described 
lithe  Southwest  (Brown  and  others  1979).   It  is 
ao  directly  compatible  with  the  vegetation 
•  ssification  system  currently  under  development 
fi  use  at  the  national  level. 


'  Merkel,  Daniel  L.,  Richard  S.  Driscoll,  Darrel 
i-t^allup,  James  S.  Hagihara,  Donald  0.  Meeker, 
Ji  Dale  E.  Snyder.  National  site  (land)  classifi- 
-'■  ion  system  -  status  and  plans.  1980.  Resources 
li-'luation  Techniques  Program,  Rocky  Mountain 
i^'est  and  Range  Exp.  Stn.,  Fort  Collins,  Colo. 
Jiublished  . 


The  California  system  is  continuing  to  be 
evaluated  by  individuals  from  a  variety  of  disci- 
plines, agencies,  and  universities  throughout  the 
State  of  California.   The  system  can  become  the 
framework  for  coordinating  vegetation  classifica- 
tion, inventory,  and  vegetation  ecology  activities 
throughout  the  State. 

I  emphasize  again  that  the  new  system  is 
strictly  a  vegetation  classification  system.   The 
system  will  not  detail  ecological  processes,  nor 
will  it  describe  productivity.   It  is  simply  a 
framework  to  use  for  describing  vegetation — past, 
present,  and  future.   Managers  and  scientists 
should  describe  each  vegetation  class  in  a  manner 
reflecting  the  ecological  relationships  of  the 
species  in  and  among  the  classes.   Descriptions 
can  reflect  the  productivity  of  plant  communities 
defined  by  the  classes  in  terms  of  timber,  range, 
or  any  other  kind  of  production  that  may  be  of 
interest.   Classification  of  vegetation  should  be 
distinct  from  ecology,  resource  management,  or 
other  technical  activities.   Because  the  Califor- 
nia system  has  been  designed  under  this  philoso- 
phy, it  will  have  maximum  application  and  useful- 
ness . 
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Caparral  Succession^ 


R  hard  J.  Vogl'- 


, 


i  A  complete  discussion  of  chaparral  succession  and 
£  thorough  review  of  the  literature  on  the  subject 
i  presented  by  Hanes  (l977).  As  a  result,  a  review 
c  the  literature  on  chaparral  succession  will  not 
1  attempted  in  this  manuscript.  Rather,  certain 
Ighlights  of  plant  succession  will  be  again 
jesented  and  re-emphasized.   In  addition,  a  concep- 
lal  model  of  chaparral  succession  is  advanced  that 
:  intended  to  help  explain  the  controlling  factors 
;1  dynamics  of  succession. 


(aparral  vs.  Classical  Succession 

Classical  plant  succession  (Vogl  1970,  Horn  1974, 
75)  is  largely  nonexistent  in  California  chaparral, 
icept  possibly  in  transitional  areas  where  chaparral 
tergrades  with  other  vegetation  types.  Missing  in 
laparral  is  the  usual  replacement  series  of  various 
ants  or  serai  stages,  with  each  species  modifying 
e  site  until  it  becomes  unfavorable  for  that  spe- 
es  and  thereby  available  for  invasion  by  another 
orton  and  Kraebel  1955,  Sweeney  1956,  Patric  and 
nes  1964,  Hanes  and  Jones  1967,  Hanes  1971,  Vogl 
d  Schorr  1972,  Biswell  1974,  Keeley  1977,  Keeley 
d  Zedler  1978).   In  most  instances  there  is  no 
ecies  replacement  that  progresses  until  a  stable 

climax  vegetation  is  established  (Hedrick  195l). 
en  on  virgin  sites,  the  colonizing  plants  are  also 
■mponents  of  the  mature  vegetation.   Virgin  sites 
at  are  sometimes  invaded  by  such  species  as  annual 
asses,  Selaginella  mosses,  coffee  fern  (Pellaea 
dromedaefolia) .  and  perennial  herbs  do  not  appear 

be  particularly  modified  or  enhanced  to  encourage 
ccessional  replacement  with  subshrubs  followed  by 
ody  plants.   Growth  that  resembles  the  early  stages 

classical  primary  succession  does  not  necessarily 
ad  to  chaparral  development,  and  primary  succession 

most  often  accomplished  by  the  direct  invasion  of 
site  by  climax  chaparral  elements.   New  sites  in 
aparral  ecosystems  are  continuously  produced  by 
ndslides  which  are  triggered  by  rain  or  when  slopes 
e  undercut  by  runoff,  or  produced  by  instability 

a  result  of  tectonic  activities. 


Presented  at  the  Symposium  on  Dynamics  and 
nagement  of  Mediterranean-type  Ecosystems, 
^ne  22-26,  1981,  San  Diego,  California. 

2 

Professor  of  Biology,  California  State 

liversity,  Los  Angeles,  Calif.  90032. 


Abstract:   Vegetation  changes  following  fire  usually 
result  in  a  rapid  return  to  the  prediaturbance 
species  composition  and  structure.  Regrowth  takes 
place  by  root-crown  sprouting  and  seed  reproduction. 
Succession  is  cyclic  except  in  ecotones  and  favorable 
sites  where  it  is  linear.  Fire  serves  as  a  growth 
stimulus  to  the  persisting  plants,  contributes  to 
seed  germination,  and  is  a  plant  waste  remover  and 
ecosystem  renewer.   Other  factors  that  affect  suc- 
cession are  mountain  building,  landslides,  erosion, 
soil  development,  climatic  variability,  and  environ- 
mental stress. 


V/ith  few  exceptions,  fire  is  the  initiator  of 
secondary  succession  in  chaparral.  Secondary  succes- 
sion following  fire  is  also  without  serai  stages 
(Hanes  1977).  The  temporary  cover  of  annual  fire- 
followers  (Armstrong  1977)  and  short-lived  perennial 
herbs  (Keeley  and  Johnson  1977)  and  subshrubs  does 
not  modify  the  site  to  encourage  a  species  invasion 
or  replacement.   In  about  2  to  5  years  after  a  fire 
almost  all  of  these  species  cease  growth  (Vogl  and 
Schorr  1972),  and  the  spaces  they  occupied  are 
usually  taken  by  the  expanding  canopies  of  the  re- 
sprouting  or  regrowing  chaparral  shrubs  (Ammirati 
1967);  the  same  species  that  dominated  the  preburn 
vegetation.  The  seeds  of  these  herbaceous  plants 
apparently  persist  in  place  until  their  growth  is 
again  initiated  by  fire  (Sweeney  1956).  The  rapidity 
and  magnitude  of  the  responses  of  these  fire-follow- 
ers, along  with  the  usual  large  sizes  of  the  burned 
areas,  preclude  that  the  seeds  of  most  of  these 
species  invade  the  burned  sites  from  adjacent 
unburned  areas  (Westman  1979). 

Successional  replacement  is  apparently  hampered 
by  the  strong  vegetative  habits  of  many  chaparral 
shrubs.   Once  a  shrub  occupies  a  site,  it  physically 
dominates  that  site.   Perennial  plants  with  the 
ability  to  recover  after  top  damage  or  removal  of 
stems  have  the  potential  to  extend  this  dominance 
for  long  periods,  perhaps  for  hundreds  of  years. 
Anything  short  of  the  destruction  of  the  basal  crown 
of  the  root  system  results  in  the  persistence  of 
these  chaparral  shrubs.  Removal  of  the  aerial  por- 
tions of  these  perennials  by  fire  is  not  just  an 
adversity  that  these  plants  must  overcome,  but  it 
also  prevents  plant  senescence  by  physiological 
rejuvenation  and  growth  stimulation  (Vogl  1980). 
Factors  that  help  to  initially  determine  the  chapar- 
ral species  that  will  become  established  on  a  given 
site  are  exposure  of  site,  steepness  of  slope,  soil 
moisture,  elevation  (Hanes  1977),  and  possibly  the 
ash  bed  present  after  fire  (Vogl  and  Schorr  1972). 

Most  chaparral  shrubs  also  produce  chemicals  that 
inhibit  competing  invaders  which  contribute  to  site 
dominance  (McPherson  and  Huller  1969,  Hanes  1977). 
The  allele pathic  chemicals  produced  by  nonsprouting 
shrubs  may  extend  chemical  suppression  of  other 
species  after  the  nonsprouting  s^irubs  have  died, 
thus  helping  to  ensure  the  re-establishment  of  the 
same  species  on  that  site.   It  has  been  noted  that 
after  the  short-lived  bush  poppy  (Pendromecon  rigida) 
or  certain  species  of  Ceanothus  die  some  20  to  40 
years  or  more  after  a  fire  (Quick  1959,  Hanes  1971, 


'i   Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
•  lerimem  Station,  Forest  Service.  U.S.  Department  of  Agnculture;  1982. 
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Keeley  1975),  the  spaces  they  occupied  remain 
open  and  unvegetated,  or  are  only  filled  by  the 
aerial  portions  of  adjacent  shrubs. 

It  has  been  generally  assumed  that  among  shrub 
species  that  possess  the  ability  to  regrow  vegeta- 
tively  after  fire,  plants  established  from  seeds 
seldom  contribute  substantial  numbers  of  individuals 
that  become  components  of  the  mature  vegetation 
(Hanes  197?).  Usually  little  seedling  growth  occurs 
on  sites  dominated  by  shrubs  capable  of  vegetative 
reproduction  (Keeley  1977).   It  has  been  hypothesized 
that  when  seedlings  do  become  established,  they  pro- 
vide a  temporary  plant  cover  that  is  preferentially 
browsed  by  herbivores  until  the  resprouting  shrubs 
again  regain  dominance  (Vogl  and  Schorr  1972).   It 
appears  that  seed  reproduction  is  only  important  as 
a  replacement  for  shrubs  that  fail  to  recover  vegeta- 
tively,  or  in  places  where  the  shrubs  have  been 
eliminated  by  such  things  as  a  landslide  or  a  very 
hot  fire. 

An  alternate  explanation  is  that  seed  reproduction 
is  commonplace  among  resprouting  perennials  and  con- 
tributes substantially  to  the  mature  vegetational 
cover  (Howe  and  Carothers  1980).   If  this  assumption 
which  contradicts  most  other  studies  is  correct,  then 
it  appears  that  chaparral  shrubs  are  shorter  lived 
and  have  higher  replacement  rates  than  suspected, 
since  the  typical  high  densities  of  chaparral  shrubs 
tend  to  otherwise  physically  saturate  any  given  site 
with  little  or  no  space  for  successful  seedling 
establishment  (Hanes  1977).  Further  research  is 
needed  on  this  subject,  particularly  since  shrub 
seedlings  might  often  be  misidentified  as  resprouts 
and  vice  versa  (Howe  and  Carothers  1980). 

Chaparral  succession  is  also  simplified  by  the 
absence  of  an  understory  vegetation  (Hanes  1971, 
1977).  The  mature  chaparral  usually  consists  of  a 
single,  although  sometimes  irregular,  layer  or  stra- 
tum of  dense  shrub  growth  with  canopies  that  are 
continuous  and  contiguous  with  each  other.  The 
general  absence  of  an  understory  is  considered  to  be 
a  product  of  this  dense  growth,  closed  canopies, 
insufficient  surface  soil  moisture,  and  allelopathic 
effects.  Christensen  and  Muller  (l975)  and  Ron 
Quinn  (personal  communication,  Jan.  I98O)  have  found 
that  the  establishment  of  an  understory  is  also  pre- 
vented by  the  activities  of  herbage  and  seed-eating 
small  mammals.  At  any  rate,  the  vegetational  devel- 
opment does  not  usually  progress  beyond  a  single- 
layered  formation. 


by  long-term  overgrazing  and  radical  changes  in  f: 
frequencies  (Vogl  1977).  Much  of  what  is  present! 
classified  as  coastal  sage  scrub  may  have  been  eitl 
chaparral  (Hanes  1977)  or  perennial  grassland  prio]| 
to  its  degradation.  Grazing  impacts  usually  extencj 
well  beyond  the  areas  being  directly  used  by  live' 
stock  as  rodent  and  other  wild  herbivore  populatioij 
are  displaced  and  reconcentrated.  Ranching  opera- 
tions also  often  reduce  the  predators  of  an  area 
thereby  allowing  prey  populations  to  reach  abnorma! 
numbers  that  negatively  impact  the  surrounding  veg 
tation. 
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Coastal  sage  scrub  appears  to  be  relatively 
stable,  in  that  in  many  areas  it  is  not  undergoing 
rapid  vegetational  changes  and  quickly  reverting  t 
chaparral  (Mooney  1977).  It  may  be  that  these  are, 
are  in  a  state  of  shock  stagnation,  whereby  the 
degraded  vegetation  persists  or  is  self  perpetuati 
for  an  indefinite  period  with  no  evidence  of  speci 
replacement.  Degraded  California  grasslands  and  m 
desert  plant  communities  also  do  not  show  signs  of 
recovery  indicating  that  the  relative  stability  of 
these  disclimax  stages  is  commonplace  among  degrad 
ecosystems.  Unless  coastal  sage  scrub  is  not  a  pr 
uct  of  degradation  or  the  distiirbances  have  not 
caused  irreversible  chainges,  such  areas  would  be  eji 
pected  to  be  eventually  replaced  by  chaparral. 

The  same  floristic  elements  that  characterize 
coastal  sage  scrub  also  occur  on  small,  localized  j 
sites  within  undisturbed  chaparral.  They  usually 
respond  to  minor  soil  disturbances  caused  by  grour 
squirrels,  pocket  gophers,  rock  slides,  erosion,  sil 
the  like.  Under  such  disturbance  conditions,  thesj 
species  act  like  pioneer  or  weedy  species  respondi^ 
to  the  open  and  unstable  conditions.  These  specie, 
are  replaced  by  the  more  stable  chaparral  species 
when  the  disturbances  are  eliminated.  This  type  c; 
successional  replacement  is  similar  to  that  found  p 
perennial  grasslands  where  short-lived  opportunisi! 
pioneers  coexist  with  long-lived  perennials.  A 
natural  grassland  is  constantly  being  turned  overJ 
little  at  a  time  by  various  localized  disturbances 
with  the  result  that  "pioneer"  species  occur  adja- 
cent to  and  mixed  with  "climax"  species  (Vogl  197^ 
Apparently  similar  events  happen  in  localized  area! 
but  as  in  perennial  grasslands,  the  pioneer  specidj 
do  not  necessarily  modify  the  site  so  that  it  can  9' 
invaded  by  the  more  stable  species.  Rather,  sraai: 
scale  disturbances  favor  opportunistic  invader  sp< 
cies  and  their  absence  favors  the  establishment  0: 
components  of  the  stable  vegetation. 


Coastal  Sage  Scrub  or  Degraded  Chaparral 

Chaparral  that  has  been  severely  disturbed  or 
degraded  is  often  dominated  by  different  plant  spe- 
cies than  those  found  in  undisturbed  chaparral.  Some 
of  the  more  common  of  these  are  Eriogonum 
fasciculatum.  Briodictyon  spp..  Lotus  scoparius. 
^a^'^ia  spp. ,  Eriophyllum  confertiflorum.  Heleanthemum 
scoparium.  and  Artemisia  californica.  These  sub- 
shrubs  or  half-shrubs  usually  produce  open  stands  as 
they  mix  with  introduced  grass  species  and  ubiquitous 
weeds.  Such  chaparral  disclimaxes  are  often  produced 


Chaparral  Ecotones 

Chaparral  succession  involving  a  step-wise 
replacement  of  species  occurs  more  commonly  along 
ecotones  where  chaparral  intergrades  with  other 
vegetation  types.  These  transitional  areas  occur 
within  and  at  the  peripheral  edges  of  chaparral  d 
tribution.  Chaparral  and  the  other  vegetation  ty 
that  it  is  juxtaposed  upon  usually  form  a  mosaic 
mutually-exclusive  plant  communities  (Wells  1962) 


This  patchwork  pattern  is  most  pronounced  at  ti 
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!r  elevational  occurrences  of  chaparral  where  it 
.nges  on  grassland,  oak  savanna,  oak  woodland,  and 
irian  forest.  Chaparral  and  these  other  vegeta- 
i  types  appear  to  be  distributed  primarily  by  soil 
erences,  including  differences  in  pH,  texture, 
5r-retaining  capacity,  and  nutrients,  and  the 
3ence  of  ground  water  or  soil  moisture. 


Vt  the  upper  elevational  and  northern  limits  of 
"4'parral  distributions,  angle  and  exposure  of  slope 
i{?ar  to  be  more  effective  than  soil  in  determining 
notation  patterns.  Along  these  edges  chaparral 
isrgrades  less  distinctly  with  oak  or  with  pine 
est,  principally  Pinus  coulteri,  P.  sabiniana,  P. 
if reyi ,  and  P.  ponderosa. 


lOccasionally,  sites  dominated  by  grassland  are 
aded  by  chaparral  shrubs,  particularly  on  marginal 
'ssland  sites.  Such  replacement  is  probably  most 
en  facilitated  by  fire,  with  the  time  of  the  year 
the  fire  perhaps  being  most  critical  (Biswell 
2,  1956).  Replacement  of  chaparral  by  oaks  or 
es  is  a  more  common  event  along  forest-chaparral 
itones  (Wilson  and  Vogl  1965).  This  appears  to 
'ur  often  as  a  result  of  changes  in  fire  frequen- 
s  and  intensities.   It  appears  that  these  transi- 
nal  areas  are  in  a  continuous  state  of  change, 
fting  from  one  vegetation  type  to  another  as 
itle,  but  critical  changes  in  environmental  factors 
ur.   In  these  transitional  areas,  forest  cannot  be 
isidered  the  more  mature  or  climax  vegetation  type, 
ause  over  the  long  run  forest  is  probably  replaced 
chaparral  as  often  as  chaparral  is  replaced  by 
■est  (Wilken  1967).   Because  of  long-standing 
orts  of  fire  suppression  in  southern  California, 
ere  is  evidence  that  chaparral  has  replaced  forest 
numerous  locations  (Minnich  1977). 


Jonceptual  Model  of  Chaparral  Succession 

Vegetational  changes  in  chaparral  are  best  ex- 
?ssed  as  a  series  of  simple,  repetitive  cycles 
jl  1970,  Hanes  1977).   If  these  changes  are  visual- 
3d  linearly  through  time,  perturbations  are  seen  to 
ise  pulsations  or  ocillations  in  growth  and  pro- 
tivity  (fig.  l).   Disturbances  in  many  other  vege- 
tion  types  act  retrogressively  to  set  back  vegeta- 
3nal  development  to  some  earlier  or  more  pioneer 
Dcessional  stage,  and  the  vegetation  slowly  returns 
a  series  of  steps  to  the  predisturbance  composi- 
3n.  Fire  in  chaparral  causes  stimulating  spurts 
growth,  vigor,  productivity,  and  species  diversity 
Dgl  1980,  Force  198l).  These  stimulating  effects 
;line  almost  as  rapidly  as  they  increase,  until 
aewed  by  another  perturbation.  Ifeximum  species 
versity,  productivity,  and  energy  capture  are 
ached  shortly  after  fire  in  chaparral,  in  contrast 
classical  plant  succession  where  a  considerable 
ngth  of  time  is  required  as  the  vegetation  progress- 
through  various  plant  stages  before  maximum 
^oductivity  is  attained. 

In  many  vegetation  types  the  burned  vegetation  is 
"ten  considered  abnormal  and  a  stressed  environment, 
'ereas  the  preburn  vegetation  is  assumed  to  be 
<nnal  and  healthy.  Many  fire  studies  are  concerned 
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Figure  1 — Disturbances  in  perturbation-independent 
ecosystems  create  vegetational  setbacks  and  recovery 
is  slow,  whereas  disturbances  in  perturbation- 
dependent  systems  such  as  chaparral  stimulate  pulses 
of  growth  which  quickly  decline  unless  disturbed 
again. 


with  the  length  of  time  that  it  takes  for  a  burned 
site  to  recover  or  return  to  its  preburn  composition. 
When  chaparral  succession  is  considered  a  cycle  and 
fire  is  ^considered  a  pulse  stimulator,  burned  and 
unbumed  vegetational  compositions  and  conditions 
become  equally  important.  When  postburn  declines  in 
productivity,  species  diversity,  and  community  senes- 
cence occur,  then  the  length  of  time  until  the  next 
fire  becomes  more  important,  perhaps,  than  the  recov- 
ery rates  after  a  fire.  The  concern  in  chaparral  is 
not  so  much  if  chaparral  will  recover  after  fire  and 
how  long  it  will  take,  but  rather  how  rapidly  the 
system  will  decline  without  fire.   In  other  words, 
what  fire  frequencies  or  fire  periodicity  will 
maintain  maximiom  chaparral  productivity? 

Pulse  stimulation  is  common  among  perturbation- 
dependent  systems  (Vogl  1900),  but  the  magnitude  of 
response  of  chaparral  following  fire  is  exceptional. 
The  short  response  time  after  disturbance  and  the 
rapid  growth  are  particularly  remarkable  since  chap- 
arral exists  under  semi -arid  conditions,  being 
subject  to  drought  stress  during  each  growing  season. 
Chaparral  growth  rates  following  fire  stimulation  may 
be  unique  among  woody  plants  in  dry  environments. 
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Nutrient  flow  through  chaparral  systems  is  largely 
open-ended,  with  most  photosynthesis  products  moving 
down  into  adjacent  communities  such  as  valley  grass- 
land, riparian  forest,  and  marshland  where  they 
remain  or  are  temporarily  trapped  or  detained  before 
finally  moving  out  to  sea  or  on  to  desert  playas. 
Chaparral  fires  also  remove  large  quantities  of 
materials  off  site  in  smoke  plumes  carrying  parti- 
culates and  volatilized  products.  Fire  appears  to 
act  more  as  a  waste  remover  than  a  nutrient  recycler 
in  chaparral  (DeBano  and  Conrad  1973). 

Continuance  of  this  open-ended  system  is  assured 
by  the  normal  chemical  and  physical  decomposition  of 
bedrock  by  roots  as  well  as  by  mountain  building, 
uplifting,  geological  fracturing,  fires,  and  floods 
which  promote  general  instability  and  active  erosion. 
This  results  in  a  continuous  supply  of  new  or  raw 
nutrients  which  are  readily  extracted  and  utilized 
by  the  unique  and  extensive  chaparral  rhizosphere 
(Kummerow  et  al.  1977,  Miller  and  Ng  1977). 

A  diagramatic  model  suggesting  how  instability 
contributes  to  a  continuing  chaparral  cycle  is 
presented  in  figure  2.   Decreased  erosion  as  a 
result  of  slopes  wearing  down  without  geological 
uplift  and  renewal  leads  to  increased  site  stability. 
This  new  equilibrium  allows  chaparral  to  be  replaced 
successionally  by  grassland  or  oak  savanna  or  wood- 
land at  lower  elevations  and  by  pine  or  oak  forest 
at  higher  elevations..  The  replacement  of  chaparral 
by  these  other  types  probably  takes  place  slowly,  an 
invasion  which  is  undoubtedly  augmented  by  changes 
in  the  fire  frequencies  that  originally  favored  cha- 
parral maintenance.   In  this  model  (fig.  2)  fire  not 
only  serves  as  a  pulse  stimulator  of  growth  and 
renewal,  but  also  acts  as  a  catalytic  contributor  to 
instability  by  encouraging  erosion.  This  is  accom- 
plished by  fire  removing  most  of  the  above-ground 
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Figure  2 — Chaparral  is  maintained  by  instability 
which  is  augmented  by  fire  resulting  in  a  simple 
successional  cycle.   Increasing  site  stability  al! 
chaparral  to  be  replaced  by  oak  or  pine  woodland, 
savanna,  or  perennial  grassland  depending  upon  th< 
degree  of  stability,  fire  frequencies,  and  locatif 


growth  and  growth  accumulations  thereby  allowing 
erosional  materials  to  respond  to  the  pull  of  gravj 
ity  in  an  unimpeded  manner.  Fires  followed  by  hea 
rains  create  the  notorious  fire-flood  sequences  thj 
perpetuate  steep  slopes  and  expose  new  substrates  | 
(Munns  1920,  Coleman  1953)-  Chaparral  is  able  to  , 
replace  chaparral  as  long  as  site  instability  pre- 
vails. The  super-hot  fires  are  just  one  of  the  ke 
factors  that  contribute  to  the  maintenance  and  con 
tin\;iaiice  of  chaparral  (Hanes  1977).  Other  imports 
factors  include  tectonic  activities,  the  usual 
unstable  and  friable  bedrock  and  soils  (Krammes 
i960),  the  typical  heavy  rains,  and  the  fact  that 
the  steep  slopes  and  substrates  are  not  very  recer 
tive  to  water,  particularly  after  fire  (Oeiiano  et 
1979).  The  unreceptive  soils  result  in  rapid  and 
heavy  run  off.  These  -and  other  factors  working  tc 
gether  and  in  sequence  help  to  ensure  the  continue 
of  steep  and  rugged  topography;  prime  sites  for  oj 
mum  chaparral  development.  Successional  replaceme; 
of  chaparral  with  forest  or  grassland  is  prevented 
on  most  sites  by  controlling  physical  factors  — 
various  climatic  and  geologic  features  that  help  i 
perpetuate  instability. 
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Successional  Dynamics  of  Chamise  Chaparral: 
The  Interface  of  Basic  Research  and 
Management' 

Philip  W.  Rundel' 


The  subject  of  successional  dynamics  in 
chaparral  has  been  a  productive  one  for  60  years. 
Much  of  this  past  work,  summarized  in  detail  by 
Hanes  (1977),  has  been  de'"   iptive,  focusing 
on  successional  changes  which  may  occur.   There 
has  been  little  attempt,  however,  oriented  to- 
ward communicating  the  significance  of  these 
Successional  patterns  for  the  development  of  in- 
formed resource  management.   In  this  paper,  1 
will  attempt  to  bridge  this  gap  and  provide  a 
basis  for  the  interface  of  basic  research  and 
management  in  studies  of  the  successional  dyna- 
mics of  climax  chaparral. 

Intensive  studies  of  chamise  chaparral  at 
Sequoia  National  Park  have  provided  the  large 
data  base  necessary  to  study  the  relationships 
between  fire  history  and  plant-soil  interac- 
tions.  These  data,  covering  43  0.1  ha  plots 
with  enumerations  of  species  coverages,  soil 
nutrients  and  structure,  topographic  patterns 
and  fire  history,  has  provided  the  basis  for  a 
quantitative  model  of  the  dynamics  of  succes- 
sional change  over  a  90-year  sequence  following 
fire  (Rundel  and  Lambert  1982). 

SHORT-TERM  SUCCESSIONAL  PATTERNS 

In  this  model  (fig.  1)  open  stands  following 
fire  are  rapidly  recolonized  by  the  same 
pre-fire  dominants  of  older  stands.  Adenostoma 
reestablishes  by  both  resprouting  from  under- 
ground root  crowns  and  by  post-fire  seed 
germination.  The  two  other  important,  long-lived 
shrubs;  Ceanothus  cuneatus  and  Arctostaphylos 
viscida ,  are  obligate  reseeders.  In  addition  to 
these  three  shrubs,  four  other  short-lived  shrub 
species  which  are  generally  absent  from  mature 
chamise  chaparral  rapidly  become  established 
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Abstract:   Basic  research  on  successional  dynamii 
of  chamise  chaparral  in  the  foothill  zone  of 
Sequoia  National  Park,  California,  can  provide 
valuable  data  for  assessing  management  alternatr 
for  this  zone.   Fire  seasonality  and  intensity 
strongly  influence  patterns  of  post-fire  communi 
development.   An  ecological  understanding  of  bot' 
short-term  and  long-term  successional  dynamics  i 
critically  important  to  reach  these  management 
goals.   Knowledge  of  f lammability ,  fire  behavior 
plant  demography  and  plant  physiological  ecology 
are  all  essential. 


following  fire  and  form  the  major  shrub  cover 
for  the  first  ten  years  of  succession.   These 
are  Eriodictyon  calif ornicum,  Malacothamnus 
fremontii ,  Dendromecon  rigida  and  Lotus  scopar- 


Woody  perennials  are  not  the  only  important 
plant  group  in  the  early  stages  of  succession. 
Mixed  herb  cover  also  becomes  rapidly  estab- 
lished and  maintains  dominance  in  direct  res- 
ponse to  the  level  of  total  shrub  cover  (Rundel 
and  Lambert  1982).  Fire  is  not  a  prerequisite 
for  the  establishment  of  dense  herb  cover, 
however.  Manual  cutting  and  removal  of  shrubs 
has  a  very  similar  effect  in  stimulating  herb 
establishment,  although  the  species  composition 
of  herbs  may  be  quite  different. 

Fires  play  a  very  important  ecosystem  role  in 
cycling  limited  nutrients  back  into  the  soil 
from  litter  and  woody  plant  tissues.   This  role 
is  particularly  important  in  chamise  chaparral 
where  there  is  evidence  that  limited  nutrient 
availability,  particularly  for  nitrogen,  may  be 
a  factor  in  bringing  on  senescence  in  mature 
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Figure  1.   Dynamic  model  of  significant 
interactions  in  succession  of  chamise 
chaparral  at  Sequoia  National  Park.   Positive 
correlations  are  shown  by  solid  lines  and 
negative  correlations  by  dashed  lines.   Sta- 
tistical significance:   **p  <  0.01,  *p  <  0.05. 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  R 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982 
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ure  2.   Above-ground  biomass  and  nutrient 
1  in  plant  compartments  after  one  year  of 
wth  following  a  fire  in  fall  1980.   Resprout 
seedling  biomass  of  Adenostoma  f asciculatum 
clipped  plots  are  comparable  to  those  in  burn 
ts. 


ds  (Rundel  and  Parsons  1980).  Although 
il  levels  of  soil  nitrogen  may  be  reduced  by 

heating  effects  of  fire,  inorganic  forms  of 
rogen  available  for  plant  uptake  increase 
lificantly  (Rundel  1981). 

Since  litter  and  plant  nutrients  are  ini- 
lly  recycled  in  the  form  of  loosely  consoli- 
ed  ash,  there  has  been  considerable  concern 
sed  by  resource  managers  in  protecting  this 

from  erosion.   While  resprouts  and  seedlings 
dominant  shrub  species  take  up  relatively 
ge  concentrations  of  nutrients  into  their 
sues,  their  total  biomass  is  too  small  in  the 
st  year  after  fire  to  successfully  tie  up  a 
nificant  percentage  of  the  available  nutrients 
osited  from  ash.   The  dense  post-fire  herba- 
us  growth,  however,  does  play  a  very  important 
logical  role  in  immobilizing  such  nutrients 

protecting  them  from  loss  from  the  ecosystem 
g.  2).   At  the  end  of  the  spring  growing  sea- 
following  a  fall  1979  experimental  burn  at 
uoia  National  Park,  the  total  herb  biomass 

more  than  two  times  that  of  Adenostoma  re- 
douts.  Adenostoma  seedlings  were  an  insignifi- 
it  part  of  the  total  biomass.   A  similar  pat- 
■n  of  herb  importance  was  found  for  all  of  the 
ior  nutrients  as  well,  demonstrating  the  im- 

|"tance  of  herbaceous  vegetation  in  sequestor- 
;  nutrients.   Herb  biomass  on  clip  plots  was 
"e  than  twice  as  great  as  on  burn  plots  and 
i'luestored  considorablv  more  nutrients. 


LONG-TERM  SUCCESSIONAL  PATTERNS 

As  resprouts  of  Adenostoma  continue  to  grow 
rapidly  in  the  first  decade  of  post-fire  succes- 
sion at  Sequoia  National  Park,  the  importance  of 
short-lived  shrubs  and  herbs  declines  rapidly 
(fig.  1).   Some  species  such  as  Malacothamnus 
f remontii  appear  to  drop  out  largely  due  to  a 
short  life  cycle  and  lack  of  reestablishments  of 
seedlings.   Other  short-lived  shrubs  and  herba- 
ceous growth,  however,  appear  to  be  shaded  out 
since  their  decline  in  importance  is  inversely 
correlated  with  total  shrub  cover  (Rundel  and 
Lambert  1982).   Adenostoma  forms  the  major  part 
of  this  shrub  cover.   Canopy  closure  by  long- 
lived  shrubs  generally  occurs  by  20  years  after 
a  fire.   By  this  stage  short-lived  shrubs  and 
significant  herb  cover  are  absent  from  undis- 
turbed stands  of  chamise  chaparral. 

Although  most  researchers  suggest  that  20-40 
years  may  be  a  natural  cycle  for  fire  in  chamise 
chaparral,  many  stands  at  Sequoia  have  reached 
considerably  greater  ages  without  burning  under 
past  policies  of  fire  prevention  (Parsons  1981). 
In  such  old  growth  chaparral,  the  increasing 
dominance  of  Adenostoma  has  very  profound 
effects  on  the  structure  and  diversity  of  the 
community.   Ceanothus  cureatus ,  the  second  most 
dominant  shrub  to  Adenostoma  and  an  importance 
browse  plant  for  deer  and  other  animals,  drops 
out  before  stands  reach  60  years  of  age. 
Arctostophylos  viscida  may  reach  90  years  of 
age  before  it  dies  out,  but  it  is  not  a  major 
browse  plant.   Adenostoma  itself  may  live  for 
considerably  longer  but  old-growth  chamise 
chaparral  has  an  increasing  level  of  dead  branch 
tissues  with  age  (Parsons  1976)  and  becomes  less 
and  less  productive.   Thus  old  growth  chamise  is 
not  a  productive  source  of  wildlife  browse.   In 
addition,  the  accumulation  of  large  amounts 
of  dead  fuels  makes  these  stands  highly  flammable 
and  subject  to  unnaturally  high  intensity  fires. 
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Figure  3.   Secondary  plant  products  present  in 
leaves  of  Adenostoma  fasciculatum. 
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From  a  management  standpoint,  therefore,  a  more 
natural  cycle  of  chaparral  fires  would  be 
beneficial . 

SECONDARY  CHEMISTRY  OF  ADENOSTOMA  FASCICULATUM 

The  leaves  of  Adenostoma  contain  a  diverse 
assemblage  of  secondary  plant  compounds  and  these 
chemical  substances  may  play  very  important  eco- 
logical roles  (fig-  3).   Phenolic  acids  in  the 
internal  leaf  tissues  have  been  associated  with 
alleopathic  effects  of  chamise  on  competing 
species.  While  the  ecological  significance  of 
allelopathic  consitltuents  in  Adenostoma  have  per- 
haps been  overstated  in  the  past  (Muller  and 
others  1968,  McPherson  and  Muller  1969),  the 
potential  role  of  such  compounds  does  deserve 
careful  quantitative  consideration.   Such 
studies  are  now  being  carried  out  in  conjunction 
with  work  on  chamise  chaparral  at  Sequoia  Na- 
tional Park. 
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Figure  5.  Mortality  of  root  crowns  of  Adeno- 
stoma fasciculatum  following  fire  or  clipping 
treatments. 
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A  second  group  of  chemical  compounds  of  eco- 
logical significance  are  the  essential  oils  on 
the  leaf  surface  of  Adenostoma  (Fig.  3).   These 
volatile,  high-energy  compounds  are  a  very  im- 
portant indicator  of  relative  flammability  of 
chamise.   They  are  the  most  critical  aspects  of 
the  ether  extractive  components  of  leaf  tissues 
which  have  frequently  been  linked  to  flammabi- 
lity (see  review  by  Rundel  1980).   As  succession 
proceeds  through  time  there  is  a  significant  in- 
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Figure  4.   Concentration  of  ether  extractives 
(percent  of  dry  weight)  in  1-2  year  leaf  and 
stem  tissues  of  Adenostoma  fasciculatum  along  a 
gradient  of  stand  age. 
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crease  in  the  ether  extractive  contents  of  1-2 
year  old  leaf  and  stem  tissues  in  Adenostoma    tes 
(Fig.  4).   This  increase  has  been  associated    Ijo 
with  the  increased  flammability  of  older  stands.lsiia 

EFFECTS  OF  FIRE  SEASONALITY  AND  INTENSITY  ON 
SUCCESSION 


4  t 


Although  Adenostoma  fasciculatum  recolonizes 
following  fires  primarily  through  resprouts,  the 
seasonality  and  intensity  of  fire  have  a  great 
effect  on  the  level  of  shrub  mortality  which  maj 
occur.   Data  demonstrating  this  impact  at 
Sequoia  National  Park  are  summarized  in  figure  ' 
High  intensity  experimental  fires  in  June  1980 
resulted  in  nearly  80  percent  dead  root  crowns, 
while  a  modest  and  low  intensity  fire  resulted  | 
in  64  and  46  percent  mortality,  respectively. 
Only  36  percent  mortality  resulted  following 
clipping  in  an  adjacent  unburned  plot.   Althou; 
a  small  percentage  of  dead  individuals  were  pre 
sent  in  the  stands  before  the  fire,  the  treat- 
ments are  the  cause  of  the  majority  of  the  mor- 
tality.  Studies  of  post-fire  recovery  from  a 
man-caused  chaparral  fire  in  September  1978  at 
Sequoia  found  a  similar  pattern.   A  very  high 
intensity  portion  of  the  fire  resulted  in  92  pe; 
cent  mortality  of  root  crowns,  while  only  35  pe 
cent  mortality  was  present  in  a  low  intensity 
portion  of  the  burn.   The  pattern  of  mortality 
associated  with  burns  later  in  the  fall  is  to- 
tally different.   A  moderately  intense  experi- 
mental burn  in  October  1980  had  only  14%  mor- 
tality.  There  was  no  mortality  associated  with 
a  clipping  treatment  at  this  same  time. 
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The  seasonal  effect  of  fire  on  root  crown 
mortality  can  be  readily  explained  by  physiol 
gical  data  on  root  sprouting  collected  at  the 
Hopland  Field  Station  of  the  University  of  Call 
fornia  more  than  20  years  ago  (Jones  and  Laude 
1960,  Laude  and  others  1961).   During  a 
"typical"  rainfall  year  such  as  1956-57,  high 
levels  of  starch  present  in  root  tissues  in  the 
early  spring  are  metabolized  and  translocated 
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■e  6.   Seasonal  pattern  of  concentration  of 
a'.hes  in  root  tissue  of  Adenostoma  fascicul- 
imluring  1956-57  (  "typical"  year)  and 
'5-59  (a  dry  year).   Data  from  Laude  and 
hrs  (1961)'. 

■IS  shoot  growth  occurs  (Fig.  6).  These  root 
0'!S  of  carhohydrate  hegin  to  slowly  return  in 
it= summer  and  are  reconstituted  by  late  fall. 

lamise  fires  in  late  spring  or  early  summer 
ir  above-ground  tissues  at  a  time  when  there 
e'ew  carbohydrate  reserves  in  root  systems  to 
A;   successful  resprouting  to  occur.   At  these 
iir;  of  the  year  fire-or  clipping-induced  mor- 
jl:y  of  root  crovjns  is  high,  particularly  in 
naler  shrubs  with  less  buffering  capacity  in 
ler  root  crowns.   By  mid-fall  when  root  carbo- 
/(^ite  stores  have  been  reconstituted  there  is 
itLe  mortality  caused  by  removing  above-ground 
Isies  through  burning  or  clipping.   In  dry 
5ai  such  as  1958-59,  large  starch  reserves  are 
Jtformed  and  major  mobilization  does  not  take 
l?5  (Fig.  6).   Under  these  conditions  spring 
r  inner  fires  might  produce  lower  level  mor- 
3]ty  than  in  wetter  years. 

Fire  intensity  is  clearly  an  important  aspect 
f  ire-induced  mortality  of  Adenostoma  root 
rrris.   Intense  fires,  v/hich  burn  av/ay  the  major 
It  of  above-ground  tissues,  provide  sufficient 
2f  to  cause  the  highest  levels  of  mortality. 
*''nsity  declines  dov/n  to  zero  (clip  treat- 
,  there  is  a  resulting  drop  in  mortality 
^'■.    3).   Such  an  effect  is  caused  by  the  depth 
f  no  heating  front,  a  function  of  fire 
ilnsity,  as  it  affects  root  crowns.   Small 
iths  have  the  shallov;est  root  crov/ns  with  the 
5Vst  bionass  and  are  thus  most  impacted. 

T.NT  IMPLICATIOMS  0?'  SUCCESSIOtlAL  STUniFS 

^!  c  research  on  patterns  of  successional 
^inics  provides  an  important  framework  for 
I'rs^tanding  the  implications  of  management 
es  in  chamise  chaparral.   In  the  first 
irs  following  fire,  for  example,  herba- 
5i  s  vegetation  plays  a  very  important  role  in 
-'estering  nutrients  that  might  otherwise  be 
>'  in  erosion  or  runoff.   Chaparral  managers 


should  be  cognizant  of  this  importance  and  pro- 
tect this  herb  growth  from  livestock  grazing  or 
other  destructive  impacts. 

As  chamise  chaparral  matures,  the  diversity 
of  associated  species  declines  steadily,  and 
the  wildlife  use  also  drops  correspondingly. 
Old  growth  chamise  chaparral  provides  very  low 
productivity  with  little  wildlife  value,  while 
producing  highly  flammable  stand  structures  with 
the  potential  for  high  intensity  fires.   A  re- 
turn to  more  natural  chaparral  fire  frequencies, 
through  either  controlled  burning  or  allowing 
natural  fires  to  burn  under  appropriate  condi- 
tions, would  provide  the  maintainance  of  greater 
stand  species  diversity  and  greater  availability 
of  wildlife  browse.   Lower  intensity  fires  would 
reduce  the  potential  for  significant  ecosystem 
damage  or  property  destruction.   Similar  manage- 
ment recommendations  to  optimize  wildlife  values 
have  been  described  in  detail  by  Biswell  and 
others  (1952). 

If  controlled  burning  is  utilized  in  chap- 
arral, resource  managers  sViould  give  careful 
consideration   to  the  implications  of  fire  sea- 
sonality and  intensity.   Intense  fires  cause 
significantly  more  root  crown  mortality  than  do 
light  fires.   Late  spring  and  summer  fires  cause 
far  greater  mortality  than  do  fall  fires.   If 
the  management  goal  is  to  restore  natural  fire 
conditions, as  with  the  National  Park  Service, 
then  late  summer  and  fall  fires  should  be  uti- 
lized (see  Parsons  1981).   Type  conversions  of 
chamise  chaparral  to  other  vegetation  covers, 
at  the  other  management  extreme,  would  be 
facilitated  by  intense  early  summer  fires. 
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[jstal  Sage  Scrub  Succession^ 


er  E.  Westman' 


Abstract:   Unlike  chaparral,  shrubs  of  coastal 
sage  are  capable  of  continual  seedling  reproduction, 
As  a  result,  mixed-aged  stands  form  which  show  lit- 
tle senescence.   Litter  turnover  is  twice  as  rapid. 
The  more  open  sage  scrub  canopy  permits  persis- 
tence of  a  diverse  herb  layer  into  mature  communi- 
ties.  Crown  sprouting  potential  is  greater,  but 
heat  tolerance  of  root  crowns  may  be  more  variable. 
Higher  volatile  oil  contents  compensate  for  lower 
fuel  loads  so  that  fire  frequencies  in  sage  scrub 
and  coastal  chaparral  are  comparable  (once  per  20 
y) .   Seasonal  dimorphism,  poikilohydric  behavior 
and  leaf  declduousness  permit  sage  species  to  sur- 
vive in  drier  habitats  and  occupy  dry  chaparral 
sites  in  the  early  years  following  fire. 


oastal  sage  scrub  is  a  soft-leaved  (mesophyl- 
)  shrubland  community  which  occurs  on  sites 
r  than  those  of  chaparral  in  the  Mediterranean- 
ate  portions  of  California.   While  basic  pat- 
of  succession  in  Californian  chaparral  have 
known  for  some  time  (Sampson  1944;  Horton  & 
bel  1956;  Hanes  1971,  1977;  Schleslnger  & 
1978,  1980),  those  of  coastal  sage  scrub  have 
recently  begun  to  be  examined  (Westman  1980a, 
man  et  al.  1981).   In  the  absence  of  more  in- 
ation,  managers  of  southern  California  shrub- 
s  have  had  little  alternative  but  to  assume 
processes  of  succession  in  coastal  sage  scrub 
analogous  to  those  in  chaparral  and  that  the 
ommunity  types  could  be  treated  identically 
nanagement  purposes.   Recent  information  on 
ystem  structure  and  dynamics  in  coastal  sage 
3  (Mooney  et  al .  1977b;  Westman  1979a,  1981  a, 
i)  leads  to  the  conclusion  that  coastal  sage 
D  exhibits  patterns  of  succession  quite  dis- 
t  from  those  of  chaparral  by  virtue  of  differ- 
3  in  its  structure,  physiognomy  and  habitat. 
2  differences  suggest  the  need  for  distinctive 
gement  practices  for  the  type.   This  paper  con- 
ts  structural  and  dynamic  features  of  coastal 
scrub  with  those  of  chaparral  in  order  to 
Light  how  these  differences  lead  to  distinc- 
successional  patterns. 

illBUTION  OF  THE  COMMUNITY  TYPES 

aastal  sage  scrub  occurs  discontinuously  from 
latitude  of  San  Francisco  south  to  El  Rosario 
3ja  California  (Fig.  1).   It  is  found  most  ex- 
tvely  in  the  lower  elevations  of  coastal  south- 
alifornia,  but  occurs  up  to  1300m  in  eleva- 
in  the  Coast  Ranges  (e.g.  Cuyamaca  Mountains, 
Diego  County) ,  and  intergrades  to  Mojave  des- 
i/egetation  to  the  east  and  to  Sonoran  vegeta- 
in  Baja  California.   Kirkpatrick  and 
linson  (1977)  and  later  Axelrod  (1978)  and 
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Westman  (1981b)  recognized  three  major  floristic 
associations  in  southern  coastal  sage  scrub:   a 
coastal  group  (Venturan) ,  a  cismontane  inland 
group  (Riversidian) ,  and  a  Baja-inf luenced  group 
(Diegan) .   The  Diegan  association  shows  the  in- 
creased influence  of  succulents,  and  is  probably 
best  treated  as  a  distinct  community  type  (coastal 
succulent  scrub:   Mooney  &  Harrison  1972,  Mooney 
1977;  Mooney  et  al.  1977b;  maritime  cactus  scrub: 
Philbrick  &  Haller  1977).   North  of  Point  Concep- 
tion, the  coastal  shrubland  shows  an  increased 
abundance  of  evergreen  shrubs  (Baccaris  pilularis , 
Arctostaphylos  spp . ) ,  and  is  termed  northern 
coastal  scrub  (Heady  et  al.  1977).   The  southern 
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Figure  1.  Approximate  distributions  of  the  major 
floristic  associations  within  southern  coastal 
sage  scrub,  after  Axelrod  (1978),  Westman  (1981b) 
and  Westman,  field  observations. 
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coastal  sage  scrub,  dominated  by  species  of  Salvia, 
Encelia,  Eriogonum  and  Artemisia,  occurs  in  dis- 
continuous patches  on  drier  slopes  to  its  northern- 
most occurrence  in  the  Mt .  Diablo  area.   In  the 
present  paper,  the  term  "coastal  sage  scrub"  re- 
fers primarily  to  the  Venturan  and  Riversidian 
floristic  associations.   Where  evergreen  chapar- 
ral is  adjacent  to  coastal  sage  scrub,  it  is  found 
on  more  mesic  sites,  generally  at  higher  eleva- 
tions in  the  Coast  Ranges.   It  also  extends  to  the 
slopes  of  the  Sierra  Nevada,  and  to  areas  north  of 
San  Francisco  (Hanes  1977)  . 

PHYSIOGNOMIC  ATTRIBUTES  AND  THEIR  CONSEQUENCES 
FOR  SUCCESSION 

Leaf  Structure 

Chaparral  shrubs  have  sclerophyllous  leaves, 
typically  thickly  cuticularized  and  more  resistant 
to  water  loss  than  the  thin,  mesophyllous  leaves 
of  coastal  sage  scrub.   A  few  important  chaparral 
dominants  (e.g.  Adenostoma  f asciculatum)  have  nar- 
row leaves,  whereas  virtually  all  mesophyllous 
sage  dominants  have  broader  leaves.   The  lower 
transpiration  rates  of  chaparral  leaves  generally 
result  in  lower  photosynthetic  rates  per  unit 
leaf  mass  (Harrison  et  al.  1971).   While  net  pri- 
mary productivity  on  an  areal  basis  is  1.4  -  3.3- 
fold  greater  for  chaparral  than  sage  scrub  (cha- 
mise  chaparral:   Mooney  &  Rundel  19  79;  Ceanothus 
chaparral:   Schlesinger  &  Gill  1980;  Venturan 
sage:   Gray  &  Schlesinger  1981),  the  growth  is 
spread  more  evenly  over  the  year,  whereas  it  is 
limited  to  the  5-6  months  following  onset  of 
rains  in  sage  scrub  (Gray  &  Schlesinger  1981). 
While  the  latter  is  due  in  part  to  the  drought- 
intolerant  mesophyllous  leaf  structure,  shallower 
roots  and  lower  surface  soil  moisture  stores  also 
contribute  to  the  shorter  growing  season  of  sage 
scrub.   An  implication  of  the  mesophyllous  leaf 
structure  for  succession  is  that  sage  scrub  recov- 
ery is  more  likely  to  be  sensitive  to  the  time  of 
year  of  applied  stress  than  is  chaparral.   Thus 
sage  scrub  would  probably  suffer  less  damage  to 
energy  stores  and  recovery  potential  from  defolia- 
tion stresses  (grazing,  fire,  air  pollution)  oc- 
curring from  June  to  November,  and  more  from 
December  to  May,  than  chaparral. 

Winner  and  Mooney  (1980)  have  documented  the  in- 
creased susceptibility  of  the  mesophyllous  leaves 
of  sage  to  S0„  damage  relative  to  sclerophyllous 
chaparral  leaves.   Suggestive  evidence  for  damage 
to  sage  scrub  in  the  field  has  been  reported  for 
SO2  by  Westman  &  Preston  (1980)  and  for  ozone  by 
Westman  (1979b).   Preston  and  Westman  are  currently 
untertaking  controlled  fumigation  experiments  on 
sage  species  with  SO2  and  ozone.   A  management 
implication  is  that  sites  of  coastal  sage  make 
less  desirable  locations  for  siting  of  new  pollu- 
tion sources  of  SO-  and  ozone  precursors  than  do 
chaparral  sites. 

Leaf  Duration 

The  average  life  span  of  a  leaf  on  a  chaparral 
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shrub  is  not  precisely  known.   Leaf  half-lives  1,, 
other  evergreen  angiosperm  species  have  been  me!- .' 


ured  at  10  -  14  months  (Eucalyptus  spp.:   Roger' 
&  Westman  1981),  and  data  of  Mooney  and  Kummero 
(Mooney  et  al.  1977,  Fig.  5-18,  5-19)  suggest  s 
lar  durations  for  Heteromeles  arbutifolia  and 
Ceanothus  leucodermis.   By  contrast,  mesophyllo!  * 
sage  scrub  leaves  invariably  have  shorter  leaf 
durations  (e.g.  30-50  days  for  Artemisia  callfo 
nica:   Gray  &  Schlesinger  1981) . 


ilil 
jor 


Coastal  sage  scrub  has  frequently  been  refer 
to  as  a  "drought  deciduous"  community  type  (e,g! 
Mooney  1977;  Kirkpatrick  &  Hutchinson  1977; 
Westman  1979a)  .   Very  few  shrub  species  in  this]  ' 
community  type,  however,  lose  all  of  their  leavl  '', 
during  the  dry  season.   A  number  of  small  tree  |  ' 
species  in  the  Diegan  formation  (Aesculus  parryl 
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and  A.  callfornica  (Mooney  &  Bartholomew  1974); 
Fraxinus  trif oliata ;  Ptelea  aptera;  Prunus 
fremontii)  do  show  total  seasonal  deciduousness! 
Some  of  these  (F.  trifoliata,  Aesculus  spp.)  ar' 
of  Miocene  age  in  the  region  (Axelrod  1978) .   l' 
is  quite  possible  that  these  species  retained  t 
deciduous  habit  as  a  photoperiodically  triggere^ 
one  from  seasonally  dry  tropical  (Axelrod  1978)|  -^■ 
even  temperate  deciduous  forest  ancestors.   Thef- 
species  are  absent  from  the  Riversidian  and  Veri 
turan  associations,  where  most  species  were  pro 
bly  derived  from  xeric  margins  of  live-oak  wood 
land  and  dry  tropic  scrub  in  the  early  Quaternar 
(Axelrod  1978) .   Of  the  shrubs  in  the  latter  as 
ciations,  one  of  the  species  showing  most  complj 
summer  deciduousness  is  Lotus  scoparius .   Nilse 
&  Muller  (1980)  showed  that  this  species,  while  *'* 
dropping  some  leaves  due  to  water  stress,  will 
drop  them  more  completely  during  long  days  than 
short  days,  suggesting  a  photoperiodic  componen 
to  deciduousness  in  this  species 

The  most  common  adaptation  to  summer  water  sti 
stress  in  coastal  sage  scrub  is  not  total  decld  'f 
ousness,  but  the  production  of  smaller  leaves  o  is 
side  shoots  developing  from  the  axils  of  larger 
main-shoot  leaves.  In  the  most  common  pattern, 
main-shoot  leaves  are  formed  in  the  first  flush 
winter  growth  when  moisture  is  most  abundant, 
most  immediately  after  these  leaves  are  formed, 
side  shoots  begin  to  grow.  Main-shoot  leaves  f 
off  acropetally  as  the  summer  drought  develops, 
but  the  smaller  side  shoot  leaves  persist,  to 
varying  extents,  until  the  following  winter  rai 
period,  whereupon  the  leaves  fall  and  the  shoot 
may  now  become  main  stems  producing  larger  leav 
or  may  die.  Westman  (1981c)  observed  this  patt 
in  most  mesophyllous  coastal  sage  shrubs  examin 
and  Gray  &  Schlesinger  (1981)  recently  describ 
it  for  Salvia  leucophylla  and  ^  mellifera.  Th 
seasonal  dimorphism  is  best  developed  in  analog 
mesophyllous  shrublands  in  the  Mediterranean 
(Orshan  1963) ,  where  it  has  been  shown  to  be  ph 
periodically  triggered  (Margaris  1975)  .  The  ph 
nomenon  has  also  been  reported  from  Chile 
(Montenegro  et  al.  1979a)  and  South  Africa  (R.KlBiiii 
Cowling,  pers.  comm.  in  Westman  1981c).  sal 
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third  leaf-duration  strategy  occasionally 
1  in  sage  scrub  is  poikilohydric  behavior: 
[ibility  of  leaves  to  wilt  for  long  periods, 
rehydrate  within  hours  of  a  rainfall.   This 
li^ior  is  exhibited  by  Artemisia  californica 
h  is  also  seasonally  dimorphic:  Westman  1981c) 
ub  with  one  of  the  widest  moisture  tolerances 
istributional  ranges  of  any  sage  scrub  domi- 
(Westman  1981b) .   It  has  also  been  reported 
analogous  vegetation  in  Chile  (Montenegro  et 
1979b),  South  Africa  (Gaff  1971)  and  Australia 
f  &  Churchill  1976). 


uch  remains  to  be  investigated  regarding  the 
1,  summer  leaves  in  sage  scrub  species.   Are 
e  leaves  physiologically  more  drought-tolerant 
the  early  growing  season  leaves?   Cunningham 
rain  (1969)  and  Smith  &  Nobel  (1977)  have 
11  this  to  be  the  case  for  the  sage/desert- 
;in  species,  Encelia  farinosa,  but  it  is  not 
jTi  how  widespread  this  phenomenon  is.   Is  pro- 
ion  of  the  smaller  leaves  triggered  photoperi- 
ally,  as  in  the  Mediterranean?   Field  observa- 
18  suggest  not,  since  the  sage  scrub  leaves  can 
Ln  growth  almost  at  the  same  time  as  main-shoot 
res  expand,  and  because  the  degree  of  their 
.sistence  in  the  dry  season  is  so  variable.  In- 
|i,  in  the  latter  feature  lies  their  adaptive- 
i3,  since  seasonal  dimorphism,  combined  with 
ijltative  drought-deciduousness ,  provides  an 
pemely  flexible  strategy  for  fine-tuning  total 
£  mass  to  moisture  availability  in  the  highly 
iable  precipitation  regime  of  the  Mediterranean 
iiiate,  while  providing  individual  leaves  that 
perhaps  better  withstand  drier  conditions. 

|The  implications  of  these  differences  in  leaf 
ation  for  succession  are  only  beginning  to  be 
lored.   Westman  (1981c)  reported  that  two 
rs  following  fire,  there  was  a  two-fold  in- 
ase  in  foliar  cover  of  seasonally-dimorphic 
fubs  in  a  coastal  Venturan-formation  site,  rela- 
e  to  a  22-year-old  pre-burn  condition.   It  is 
sible  that  seasonal  dimorphism  provides  a  more 
active  post-fire  recovery  strategy  on  the  bar- 
,   dry  burned  sites.   This  may  help  explain  why 
istal  sage  species  frequently  occupy  drier  post- 
:n  chaparral  sites  in  early  years  of  post-fire 
:cession  (Hanes  1977) .   Seasonal  dimorphism  is 
jtricted  to  mesophyllous  shrubs,  and  does  not 
ur  in  sclerophyllous  shrubs,  either  those  of 
|B  chaparral,  or  those  which  occur  as  associates 
coastal  sage  communities  (e.g.  Rhus  laurina, 
integrifolia) . 

laf  oil  content 

More  of  the  dominant  shrub  species  of  coastal 
ge  scrub  are  highly  aromatic  than  those  of  chap- 
iral.   Unfortunately,  quantitative  data  on  the 
|lative  flammabllity  and  caloric  contents  of 
aves  in  coastal  sage  and  chaparral  are  lacking, 
amise  (Adenostoma  fasciculatum)  is  known  to  have 
usually  high  flammabllity  due  in  part  to  its 
1  content.   Its  leaf  caloric  content  averages 
20  cal  g   vs.  a  mean  of  4890  cal  g    for  seven 
her  chaparral  shrubs  (Mooney  et  al.  1977a). 


\ 


There  are  several  preliminary  bases  for  postulat- 
ing a  higher  flammabllity  for  sage  than  chaparral 
species,  all  of  which  need  further  study:   the 
high  content  (Tyson  et  al.  1974)  and  mere  wide- 
spread occurrence  of  volatile  oils;  the  less  dense 
wood;  field  observations  suggesting  that  complete 
consumption  of  aboveground  fuel  is  more  common 
during  fires  in  sage  scrub  than  chaparral. 

If  the  higher  flammabllity  of  aboveground  parts 
of  sage  scrub  is  confirmed,  the  evolutionary  ex- 
planation for  it  may  be  sought  as  a  corollary  to 
the  Mutch  (1970)  fire-dependence  hypothesis.   Be- 
cause of  a  Mediterranean-type  climate  with  a  long 
dry  season,  but  sufficient  precipitation  to  sup- 
port an  aboveground  biomass  capable  of  sustaining 
fire,  fires  are  common  in  both  shrublands  types, 
and  adaptations  for  fire-dependence  have  evolved 
in  both  cases.   The  lower  fuel  mass  and  greater 
spacing  of  shrubs  in  coastal  sage  would  normally 
act  to  decrease  fire  frequency  in  coastal  sage 
relative  to  chaparral.   This  tendency  could  be 
counteracted  by  the  evolution  of  a  greater  abund- 
ance of  volatile,  flammable  oils  In  sage  scrub 
than  chaparral. 

Indirect  supporting  evidence  for  this  hypothe- 
sis comes  from  an  analysis  of  fire  frequency  dur- 
ing the  period  1930-1978  in  chamise  chaparral  and 
coastal   sage  scrub  in  the  western  Santa  Monica 
Mountains.   In  each  vegetation  type,  50  random 
points  were  located,  and  fire  frequency  deter- 
mined.  The  vegetation  map  used  was  prepared  by 
G.  Nuno  (1980,  unpublished)  based  on  data  of  the 
Vegetation  Type  Map  Survey  of  Wieslander.   This 
vegetation  map  was  overlaid  upon  a  map  of  fire  oc- 
currences in  the  Western  Santa  Monica  Mountains 
(K.  Radtke,  unpublished).   Results  indicate  that 
fire  frequencies  are  just  as  great  in  coastal 
sage  as  in  chaparral  (x  occurrences  for  the  48-year 
period  +  s.e.:   2.46  +  0.11  for  coastal  sage 
scrub;  2.32  +  0.15  for  chamise-chaparral)  despite 
lower  fuel  loads  in  the  former.   Mean  fire  inter- 
val in  both  types  was  20  years. 

Twig  and  Stem  Structure 

Biomass 

Wood  of  coastal  sage  shrubs  is  less  dense  and 
more  brittle  than  that  of  chaparral  (Mooney  et  al. 
1977b;  Gray  &  Schlesinger  1981).   A  consequence  of 
this  is  that  large  woody  stems  do  not  remain  stand- 
ing, either  dead  or  alive,  as  long  as  they  do  in 
chaparral.   Gray  &  Schlesinger  (1981)  report  a 
standing  dead  wood  component  of  18  percent  in 
Venturan  sage  scrub,  approximately  half  the  amount 
for  chaparral. 

This  feature  in  turn  has  two  important  implica- 
tions for  succession.   Firstly,  the  more  rapid  re- 
turn of  dead  wood  to  the  litter  layer  provides  im- 
proved nutrient  turnover,  and  diminishes  the 
chance  for  deficiencies  in  available  nutrient 
stocks  to  develop,  leading  to  the  growth  senes- 
cence reported  for  chaparral  (Hanes  1971) .   A 
second  implication  is  that  dry  fuel  will  be  a 
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Salvia  Mallifara 
Sampled  Dec.,1980 


1-4  9-12  17-20         25 

5-8  13-16  21-24 

Number  of  xylem  rings  on  basal  branch 

Figure  2.  Numbers  of  individuals  of  Salvia  melli- 
fera  showing  a  given  number  of  xylem   rings  on  the 
lowest  branch,  on  a  23-year-old  coastal  Venturan 
site.   Some  individuals  showed  one  or  two  extra 
rings  as  a  result  of  the  production  of  double 
rings  in  some  years. 


lower  proportion  of  total  biomass  in  coastal  sage 
than  chaparral,  contributing  to  a  reduction  in 
fire  intensity.   This,  combined  with  the  lower 
living  biomass  per  unit  area,  results  in  lower  to- 
tal fuel  loads  than  chaparral.   Whether  these 
lower  fuel  loads  result  in  lower  fire  intensities 
than  chaparral  has  yet  to  be  documented  in  the 
field  and,  as  noted  earlier,  may  be  counteracted 
by  higher  volatile  oil  contents  in  foliage. 
Westman  et  al .  (1981)  calculated  fire  intensities 
on  coastal  sage  sites,  using  the  FIREMODS  model 
of  Albini  (1976a)  which  is  based  primarily  on  fuel 
load,  fuel  moisture  conditions  and  weather  at  the 
time  of  fire.  For  Venturan  types,  reaction  intensi- 
ties were  170  -  200  kcal  sec_2m  ^;  for  Riversidian 
types,  120  -  170  kcal  sec  m   .   These  values  are 
low  for  the  range  of  values  modeled_in_f ires  in 
older  chaparral  (up  to  600  kcal  sec  ^m~2;  Albini 
1976b),  but  the  latter  are  not  field  measurements. 
Fire  intensities  clearly  affect  root  crown  survi- 
val, and  subsequent  patterns  of  successional  re- 
growth  (Westman  et  al.  1981). 

Decomposition  Rates 

Whether  the  more  rapid  rate  of  return  of  wood 
to  the  litter  layer  in  fact  results  in  more  rapid 
external  nutrient  cycling  in  coastal  sage  depends 
on  litter  decay  rates.   To  calculate  litter  half- 
lives  by  the  exponential  decay-rate  model  requires 
assuming  that  the  litter  mass  is  in  steady  state 


(Whittaker  1970).   Kittredge  (1955)  found  that 
litter  mass  in  a  variety  of  chaparral  and  mixed 
sage-chaparral  types  reached  equilibrium  in  8  - 
years.   In  the  22-year-old  Venturan  sage  site, 
litter  mass  is  assumed  to  be  at  equilibrium.  111 
ter  half  life  is  2.2  years  (data  of  Gray  & 
Schlesinger  1981)  .   The  litter  half-lives  of  twc 
mixed  sage-chaparral  sites  in  the  San  Dimas  Expf 
mental  Forest  (Los  Angeles  County)  were  1.8  and 
3.6  years  (data  of  Kittredge  1955),  during  a 
period  when  sites  were  14  -  31  years  old.   By  cc 
trast,  nine  chaparral  sites  of  the  same  age  ran; 
exhibited  a  mean  litter  half-life  of  4.4  years 
(range:   1.8  -  12.4  years;  data  of  Kittredge  19i 
Though  site-to-site  variation  is  great,  on  the 
average  litter  decay  rates  are  twice  as  great  ii 
coastal  sage  than  chaparral.   The  sclerophyllou: 
nature  of  chaparral  leaves,  and  their  lower  nut] 
ent  contents  (Mooney  1977)  would  inhibit  leaf  Ij 
ter  decay  rates  relative  to  sage  scrub,  as  woulc 
the  higher  wood  density  of  chaparral  (Gray  & 
Schlesinger  1981) . 

Canopy  Closure 


Stems  of  coastal  sage  species  rarely  exceed  / 
in  height,  and  average  canopy  heights  more  commc 
range  from  0.5  -  1.8  m.   By  contrast,  chaparral 
canopies  are  commonly  2  -  3  m.   The  density  of 
foliage  on  stems  is  lower  in  sage,  resulting  in 
lower  leaf  area  indices  per  shrub  ("x  =  1.31  sag£ 
vs.  2.65  chaparral;  Mooney  et  al.  1978).   On 
drier  sage  sites,  shrub  densities  fall  below  the 
point  at  which  canopy  closure  is  obtained.   As 
result  of  all  of  these  factors,  light  penetratic 
to  ground  level  is  greater  in  coastal  sage  than 
chaparral.   For  example,  while  stands  of  Ceanott 
chaparral  of  22  year  age  have  irradiances  immedd 
ately  below  the  canopy  of  200  -  900  microEinste: 


-2 


sec  1  (Schlesinger  &  Gill  1980),  two  stands 


Venturan  sage  of  22  year  age  at  Leo  Carillo  Stal 
Park  had  mean  irradiances  of  900  -  1000  microEii 
steins  m  ^sec  J-at  10  cm  above  ground,  and  one- 
fifth  of  the  50  readings  per  stand  were  in  canoj 
gaps  (Westman,  unpublished). 

Understory  Growth 

The  result  of  this  more  open  canopy  structure 
is  an  increased  persistence  of  understory  growtl 
as  the  sage  scrub  matures.  Thus  while  herbs  are 
reduced  to  a  very  minimal  occurrence  in  chaparre 
by  five  years  after  fire,  they  remain  an  impor- 
tant part  of  total  cover  (greater  than  20  percei 
for  20  years  or  more  following  fire  in  coastal 
sage  (Westman  1981c) . 

Muller  (McPherson  &  Muller  1969  et  subseq.)  I 
argued  that  shading  is  not  a  factor  in  herb  sup- 
pression in  chaparral,  since  herbs  are  absent  fr 
bare  areas  under  canopy  openings  in  mature  chape 
ral.  He  argues  instead  for  the  role  of  allelo- 
pathic  substances  in  herb  suppression  in  both 
chaparral  and  coastal  sage  scrub  (Muller  &  Mulle 
1964;  Muller  et  al .  1968).  However,  once  herb 
cover  in  chaparral  has  been  reduced  for  whatevei 
reason,  there  will  be  fewer  seeds  locally  to  dis 
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use  into  bare  areas,  so  that  the  relative  ab- 
uce  of  herbs  from  these  areas  cannot  be  taken 
ifunequivocal  evidence  for  inhibition. 

The  presence  of  potentially  allelopathic  sub- 
;inces  in  both  chaparral  and  sage  species  has 
na   established  (Christensen  &  Muller  1975; 
liligan  1973).   The  dramatic  differences  in  herb 
:(er  between  the  two  community  types  despite  the 
lindanes  of  allelopathic  substances  in  both  in 
ilelf  suggests  that  factors  other  than  allelo- 
),hy  are  playing  major  roles  in  inducing  herb 
uer  differences.   The  role  of  shading,  rodents 
II  other  factors  in  inducing  these  differ- 
!ies  has  recently  been  reviewed  (Mooney  1977; 
/itman  1979,  1981d)  .   The  critical  importance  of 
uelopathy  in  herb  suppression  has  not  yet  been 
;;ablished. 

Long-term  viability  of  chaparral  and  sage 
Kub  herb  seeds  has  never  been  established  (Went 
l!9;  Westman  1979a).   Since  58  percent  of  the 
Liediate  post-fire  herbs  in  chaparral  can  be 
Und   in  sage  sites  that  have  not  burned  in  seven 
^ rs  or  more,  Westman  (1979a)  has  suggested  that 
j(t-fire  herbs  in  chaparral  seed  in  from  adja- 
n t  coastal  sage  (and  recently  burned  chaparral 
3  es)  every  year,  rather  than  remaining  dormant 
lithe  soil  for  the  many  decades  that  can  elapse 
3' ween  fires  on  a  chaparral  site.   The  seedlings 
3  V  survive  in  the  immediate  post-fire  chaparral 
aironment,  because  of  the  abundance  of  light 
1  nutrients  or  other  factors.   This  suggests 
t  t  coastal  sage  scrub  is  playing  a  role  as 
r  pository  for  herbs  that  colonize  chaparral 
3  er  fire.   A  management  implication  is  that,  in 
J.er  to  assure  native  herb  colonization  of  post- 
-f  e  chaparral  sites,  one  should  not  only  ensure 
aiosaic  of  chaparral  sites  of  various  ages,  but 
a  o  preserve  stands  of  coastal  sage  scrub  that 
m  be  in  the  vicinity. 

$  ub  Reproduction 

Westman  et  al.  (1981)  report  that  shrub  seed- 
lig  reproduction  following  fire  in  coastal  sage 
Sub  does  not  become  common  until  the  second 
yir  after  fire.   In  the  cases  of  Encelia  califor- 


n^,  Artemisia  californica,  Erlogonum  cinereum 
a.  Yucca  whipplei,  they  observed  crown-sprouting 
i  the  first  year,  and  seedling  reproduction  only 
a:er  these  sprouts  had  flowered  and  set  seed. 
I  the  case  of  E_^  californica,  abundant  seedling 
riroduction  was  visible  a  few  cm.  downslope  of 
a'esprout  of  the  species  which  had  set  seed. 
I-S  strongly  suggests  that  shrub  seeds  on  the 
s:e  arise  largely  from  "self-sowing"  by  crown 
E-outs  following  fire,  rather  than  by  survival 
0  seeds  through  fire  or  by  long-term  seed  dor- 
Bicy.   This  conclusion  is  further  strengthened 
t  the  slow  return  of  shrub  seedlings  to  River- 
's lian  sites  in  which  little  or  no  crown  sprout- 
i?  is  occurring  (Westman  et  al.  1981). 

Malanson  and  O'Leary  (1981,  in  preparation) 
•^/e  further  documented  the  relative  reproduction 
-I  resprouts  and  by  seeds  at  the  end  of  the  sec- 


ond year  after  fire  on  7  sites  including  4  re- 
ported earlier  (Westman  et  al.  1981).   Of  17 
coastal  sage  shrub  species  encountered,  all  but 
Eriogonum  f asciculatum  and  Malacothamnus  f ascicu- 
latus  showed  substantially  greater  reestablish- 
ment  of  foliar  cover  by  resprouting  than  seeding. 
Total  foliar  cover  of  resprouts  exceeded  that  of 
seedlings  by  factors  of  13  to  71  on  the  sites. 

These  studies  leave  little  doubt  that  when 
fires  do  not  kill  root  crowns,  the  main  strategy 
for  post-fire  recovery  in  coastal  sage  scrub  is 
by  resprouting.   In  fact,  the  number  of  sage  scrub 
species  with  the  ability  to  resprout  appears  to 
exceed  that  of  chaparral.   Hanes  (1971)  reported 
that  only  50  percent  of  the  59  shrubs  in  coastal 
chaparral  are  capable  of  resprouting.   By  contrast, 
of  the  25  most  widespread  and  dominant  shrubs  and 
small  trees  in  coastal  sage  scrub,  100  percent  of 
them  show  crown-sprouting  ability,  as  do  28  per- 
cent of  the  herb  species  (Westman  1981d)  . 

Earlier  authors  (e.g.  Zedler  1977;  Bradbury 
1978;  Kirkpatrick  &  Hutchinson  1980)  have  asserted 
that  crown  sprouting  was  not  as  common  in  coastal 
sage  scrub  as  in  chaparral.   These  observations 
may  have  arisen  from  the  fact  that  there  are  sites 
of  coastal  sage  scrub  in  which  no  crown-sprouting 
occurs  following  a  particular  fire,  despite  the 
presence  of  shrubs  with  the  genetic  potential  to 
resprout  (Westman  et  al.  1981).   Westman  et  al . 
(1981)  studied  the  relative  roles  that  fire  inten- 


150 


Total 
Shrubs   only 


60i 


r    50 


40 


o.    2     30 


i: 

i: 

20 

0) 

c 

r 

o. 

(5 

X 

o 

^ 

1- 

o 

z 

10 

Vi.' 


%  light  at  10  cm. 
NO3I 


7  21 

Years    since    fire 


40 


Figure  3.  Trends  in  foliar  cover,  light  penetration 
to  herb  level,  and  soil  nutrient  levels  in  four 
coastal  sites  of  SW  aspect,  slope  7°-28°,  in  the 
Santa  Monica  Mountains  (Los  Angeles  County) .   All 
substrates  were  shale,  except  the  7-year  site, 
which  was  volcanic.   The  21-year  old  site  burned 
shortly  after  sampling  and  was  resampled  to  pro- 
vide the  2-year  old  site.   Data  from  Westman  1981a, 
Westman  et  al.  1981  and  Westman,  unpublished. 
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sity,  aspect,  substrate  and  other  factors  might 
play  in  inducing  this  variability.   They  concluded 
that  the  potential  vigor  of  resprouting  is  a  ge- 
netic characteristic  which  varies  widely  from  spe- 
cies to  species,  and  possibly  even  among  subspe- 
cies or  ecotypes  (e.g.  Eriogonum  f asciculatum) . 
Thus  a  fire  of  lower  intensity  might  be  followed 
by  less  reprouting  than  a  site  of  higher  inten- 
sity burn,  if  the  species  colonizing  the  former 
have  lower  heat  tolerances  and  are  inherently  less 
vigorous  reprouters.   Westman  et  al .  (1981)  pro- 
vide a  table  of  imputed  tolerances  of  a  range  of 
coastal  sage  scrub  species  to  fire  intensity.   It 
is  possible  that  chaparral  species  capable  of  re- 
sprouting  have  a  higher  tolerance  to  fire  inten- 
sity, but  quantitative  data  on  this  point  are 
lacking. 

Age  Structure 

While  chaparral  seedlings  cease  to  provide  new 
recruits  to  the  population  after  5-10  years  fol- 
lowing fire,  sage  species  are  capable  of  continual 
seedling  reproduction  under  their  own  canopy. 
Schlesinger  &  Gill  (1978)  document  thinning  in  a 
chaparral  stand  of  Ceanothus  megacarpus  in  which 
there  was  apparently  no  seedling  reproduction  af- 
ter the  first  year,  and  Hanes  (1971)  notes  that 
seedling  reproduction  in  chamise  and  mixed  chapar- 
ral stands  is  only  observable  in  the  first  decade 
after  fire.   By  contrast,  figure  2  shows  the  con- 
tinual recruitment  of  individuals  of  Salvia  melll- 
f era  to  a  Venturan  coastal  sage  site  in  the  23 
years  after  fire.   Hanes  (1971)  similarly  noted 
continual  reproduction  of  sage  species  in  openings 
in  chaparral. 

A  significant  implication  of  this  difference  in 
recruitment  periods  is  that  coastal  sage  scrub 
stands  do  not  grow  "senescent"  as  do  chaparral 
stands  of  increasing  age,  because  of  the  continual 
rejuvenation  of  the  age  structure  in  the  former. 
Indeed,  healthy  stands  of  sage  scrub  occur  which 
have  not  burned  in  60  years  or  more,  and  in  which 
the  oldest  dominant  does  not  exceed  35  years  in 
age  (Westman  1981a) .   While  allelopathy  was  sug- 
gested (Hanes  1971)  as  a  cause  of  senescence  in 
chaparral,  this  seems  inadequate  in  view  of  the 
abundance  of  allelopathics  in  coastal  sage  scrub 
and  the  lack  of  senescence  in  its  age  structure. 
The  failure  of  seedling  survival,  the  tie-up  of 
nitrogen  in  the  aboveground  parts,  and  the  rising 
respiratory  load  of  shrubs  could  provide  an  alter- 
native explanation  for  chaparral  senescence. 

Differences  in  age  structure  between  the  commu- 
nity types  also  help  us  to  understand  why  coastal 
sage  and  chaparral  will  occasionally  maintain 
sharp,  stable  borders  between  them  on  a  given  hill- 
side for  many  decades  (e.g.  Bradbury  1978).   The 
sage  shrubs,  though  shorter-lived,  retain  a  healthy 
community  through  continual  seedling  reproduction. 
Sage  seeds,  while  capable  of  germinating  in  the 
open  canopy  environment  of  sage  scrub,  are  inhibi- 
ted from  growth  under  chaparral  by  shading 
(McPherson  &  Muller  1967).   The  chaparral,  by  con- 
trast, produces  seeds  which  typically  germinate 


only  in  the  first  few  years  after  fire,  for  a  v; 
ety  of  reasons:  scarification  requirements,  nu' 
trient  deficiencies,  herbivore  grazing,  possibl; 
allelopathic  inhibition  (viz.  Bradbury  1978; 
Christensen  and  Muller  1975;  Hanes  1977  inter 
alia) .  The  chaparral  shrubs  are  longer-lived, 
however,  and  maintain  an  even-aged  stand  composi 
of  the  original  post-fire  shrubs,  for  many  de- 
cades. In  situations  where  climatic  conditions 
or  herbivore  pressure  prevent  seedling  establis' 
ment  in  the  first  year  or  two  after  fire,  and  r 
establishment  of  vegetative  canopies  occur  rapi 
through  crown  sprouting,  conditions  would  have 
tained  which  would  prevent  either  community  typ 
from  invading  the  other  in  subsequent  years, 

i 

Figure  3  shows  trends  in  nitrogen,  phosphoru 
and  light  penetration  on  coastal  sage  sites  of 
different  ages,  on  similar  aspects,  slopes  and 
substrates.   While  total  nitrogen  does  decline 
with  age,  available  pools  of  N  and  P  remain  hig 
at  15  cm  depth  even  to  age  40.   This  suggests  t' 
high  rates  of  external  nutrient  cycling,  and  lo' 
nutrient  stocks  in  standing  biomass,  are  respon 
ble  for  maintenance  of  available  nutrient  pools 
in  sage  scrub.   Still,  with  the  decline  in  ligh 
penetration,  seedling  reproduction  can  be  expec 
to  decline  with  age,  inducing  some  senescence  i 
age  structure,  though  not  as  severe  as  that  in 
chaparral. 

Experimental  application  of  N  and  P  to  stands 
of  Salvia  mellif era  of  similar  age  range  result 
in  maximum  shoot  growth  response  to  N  alone  or 
with  P,  at  age  25  (Davis  1980).  The  nitrogen 
response  is  not  surprising  in  view  of  the  lack 
symbiotic  N-fixers  in  coastal  sage  after  age  20 
(Westman  1981a).  A  similar  shoot  growth  respon 
to  N  has  been  found  in  chaparral  (Hellmers  et  a 
1955a). 

Fibrous  Roots 

Roots  of  coastal  sage  scrub  species  are,  in 
general,  shorter  in  both  lateral  and  vertical 
spread  than  those  of  chaparral,  and  more  fibrou 
(Hellmers  et  al.  1955b).  Hellmers  et  al.  (1955 
discussed  the  implications  of  this  difference 
surface  soil  erosion,  mass  slumping  and  water  i 
filtration.  The  more  fibrous  roots  of  coastal 
sage  apparently  make  them  somewhat  more  efficie 
at  capturing  the  early  and  light  rains,  and  usi 
this  moisture  for  shoot  growth  (Harvey  &  Mooney 
1964) 

The  microbial  associates  of  the  root  systems 
are  still  poorly  known.   Symbiotic  N-fixation  oj' 
curs  in  some  Ceanothus  spp.  (Kummerow  et  al.  19!li)) 
which  persist  in  chaparral  stands  for  at  least  ' 
years.   By  contrast,  the  only  substantial  N-fix 
ing  symbiotic  shrub  species  identified  in  coast, 
sage  scrub  is  Lotus  scoparius ,  which  dies  out 
within  20  years  (Westman  1981a) .   Minor  species 
of  Lotus  and  Lupinus  occur  generally  only  in  thj 
first  few  years  after  fire,  and  do  not  produce  i 
significant  biomass.   Dunn  &  Poth  (1979)  reportj! 
no  asymbiotic  N-fixation  in  chaparral  soils  durjig 
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(  January- June  period.   The  only  known  sources 
Initial  N  in  coastal  sage  scrub  at  present, 
n,  are  a  small  amount  of  symbiotic  N-fixation 
the  early  post-fire  years,  and  bulk  precipita- 
n.   While  nutrient  recycling  may  be  more  rapid 
isage,  and  uptake  demand  lower,  the  small  sources 
fexternal  N  seem  inadequate  to  balance  the  N  bua- 

further  research  is  needed  on  this  point.   A 
iagement  implication,  earlier  drawn  for  chapar- 

that  fire  temperatures  be  kept  down  to  avoid 
lolatilization  losses,  and  moist  soils  avoided 
ling  fire  to  avoid  steam-killing  of  legume  seeds 
nn  &  Poth  1979) ,  is  even  more  critical  to 
Istal  sage  scrub  management. 

Most  coastal  sage  shrubs  are  believed  to  possess 
Icular-arbuscular  mycorrhizae.   The  role  these 
y  in  the  plant  nutrition  of  their  hosts  is  un- 
wn.   Mycorrhizal  associations  are  susceptible 
air  pollution  damage  (McCool  &  Menge  1978) . 
;ks  and  Westman  are  currently  undertaking  fumi- 
iion  experiments  to  examine  the  effects  of  SO2 
I  ozone  on  the  endomycorrhizal  associations  of 
l;e  species. 

ICLUDING  REMARKS 

Analysis  of  the  structural  differences  between 
istal  sage  and  chaparral  permit  an  increased 
filerstanding  of  the  differences  in  their  succes- 
6)nal  processes.   Malanson  (1981,  this  volume)  is 
Crently  working  under  Westman 's  supervision  to 
poduce  a  model  of  post-fire  succession  in  coastal 
s;e  scrub  based  on  the  relative  sprouting  and 
S'ding  propensities  of  component  species,  scenar- 
io of  age-dependent  natality  and  mortality  rates, 
si  models  of  interspecific  competition.   The  un- 
crlying  rationale  for  such  a  model  is  that  suc- 
cssion  in  sage  scrub  is  a  process  of  scramble 
cnpetition  for  resources  following  fire,  in  which 
CDwn  sprouting  vigor  plays  a  key  role.   The  model 
:  in  the  tradition  of  the  population-level  analy- 
se arising  from  the  individualistic  hypothesis 
(.g.  Whittaker  &  Levin  1977,  Noble  &  Slatyer  1980). 

■  Much  remains  to  be  learned  about  successional 
jocesses  in  coastal  sage  scrub.   We  already  know 
lat  succession  in  coastal  sage  differs  from  that 
:  chaparral  in  a  number  of  respects.   Herb  growth 
iter  fire  in  sage  scrub  persists  into  the  mature 
rands,  where  ground-level  light  continues  to  be 
""undant.   Shrub  dominants  continue  to  reproduce 
1  seed  many  decades  after  fire,  maintaining 
'althy,  mixed  aged  stands  which  may  slow  in 
owth  rate  and  seedling  reproduction  only  slightly 
ter  four  decades  or  more.   Crown-sprouting  is 
en  more  important  as  a  post-fire  reproductive 
rategy  among  sage  scrub  dominants,  but  the  vigor 
d  heat-resistance  of  the  sage  species  root  crowns 
'y  be  more  variable  than  for  chaparral. 

For  preservation  of  both  root  crowns  and  soil 
'  trogen  levels,  low-intensity  fires  are  to  be  fa- 
'red  if  rapid  post-fire  recovery  is  the  goal.   On 
le  other  hand,  continued  favoring  of  crown-sprout- 
ig  will  suppress  the  post-fire  herb  flora  some- 
'lat,  and  could  lead  to  a  gradual  decline  in 


seeds  for  both  chaparral  and  sage  scrub  post-fire 
herb  communities  in  the  long  term. 

The  susceptibility  of  coastal  sage  scrub  to  air 
pollution  damage  (SOo,  possibly  ozone)  is  greater 
than  that  for  chaparral.   Sage  scrub  species  there- 
fore make  better  biological  monitors  of  the  air 
pollution  damage  being  suffered  by  southern  Cali- 
fornia shrublands  than  do  chaparral  species. 

Finally,  it  should  be  noted  that  much  less 
acreage  of  coastal  sage  scrub  than  of  chaparral 
is  in  preserve  status.   Coastal  sage  scrub  is  one 
of  the  most  endangered  habitats  in  California. 
Estimates  of  the  extent  of  the  former  vegetation 
which  has  been  cleared  range  from  36  to  85  percent 
for  coastal  sage  (Klopatek  et  al.  1979;  Westman 
1981a)  compared  to  12  percent  for  chaparral 
(Klopatek  et  al.  1979).   The  samples  that  do  exist 
are  virtually  all  of  the  Venturan  type.   Increased 
efforts  should  be  made  to  set  aside  areas  of 
Riversidian  and  Diegan,  as  well  as  Venturan  asso- 
ciations of  coastal  sage  scrub,  for  the  benefit 
of  present  and  future  generations. 
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A  Comparison  of  Two  Types  of  Mediterranean 
Scrub  in  Israel  and  California' 


Avi  Shmida  and  Michael  Barbour 


A  mediterranean  climate--hot ,  dry  summer  and 
cool,  wet  winter  (Trewartha  1954,  Flohn  1969) — 
occurs  in  at  least  five  widely  scattered  regions 
of  the  world:   the  Mediterranean  region  itself, 
between  Europe  and  Africa;  the  Pacific  Coast  of 
North  America,  from  Oregon  to  northern  Baja  Cali- 
fornia; the  Cape  Region  of  South  Africa;  certain 
coastal  portions  of  South  and  West  Australia;  and 
the  central  Chilean  coast.   As  summarized  well  by 
Raven  (1971),  "Plant  associations  of  the  five 
regions.  .  .  are  extremely  similar  both  in  their 
physiognomy  and  in  the  morphology  and  physiology 
of  the  constituent  plants.  .  .  dominated  by  low, 
evergreen,  sclerophyllous  trees  and  with  short 
thick  trunks  and  twisted  rigid  often  spreading 
branches."   Since  the  seminal  work  by  Schimper 
(1903) ,  most  studies  of  mediterranean  vegetation 
have  emphasized  the  degree  of  convergence  (Specht 
1969,  Naveh  1967,  Cody  and  Mooney  1978,  Ashman 
1973) .   Robert  Whittaker  had  been  intensively 
studying  southern  hemisphere  examples  until  his 
recent,  untimely  death  (Whittaker  et  al .    1979, 
Naveh  and  Whittaker  1980) . 

In  this  study,  I  shall  compare  mediterranean 
vegetation  as  found  in  California  and  Israel  only, 
defining  the  mediterranean  regions  of  each  accord- 
ing to  Raven  (1971)  and  Zohary  (1973).  (Mediter- 
ranean is  written  in  this  paper  with  a  capital  M 
when  the  geographical  region  of  the  Mediterranean 
Basin  is  referred  to,  but  with  small  case  m  when 
vegetation  or  climate  is  referred  to.)  I  shall  be- 
gin this  review  with  a  comparison  of  climates  and 
floras,  then  follow  with  a  sequential  comparison 
of  climates  and  floras,  then  follow  with  a  sequen- 
tial comparison  of  major  vegetation  types  found  in 
the  two  areas,  including  matorral,  phrygana,  wood- 
land, and  montane  belts.   Differences,  as  well  as 
similarities,  will  be  emphasized.   Although  the 
data  were  taken  mainly  from  Israel,  I  think  that 
the  results  are  applicable  to  the  whole  Mediter- 
ranean Basin. 

METHODS 

The  conclusions  in  this  paper  are  based  on 
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Abstract:  Matorral/chaparral  and  phrygana/ 
coastal  sage  vegetation  types  of  Israel  and  Call 
fornia  exhibit  major  differences  in  life  form 
spectra,  physiognomy,  species  richness,  fire  ada 
tations,  spinescence,  and  leaf  traits.  In  some 
cases  it  is  possible  to  correlate  such  differ- 
ences in  climate,  geologic  history,  soil,  fire 
frequency,  and  human  history.  There  seems  to  be 
only  a  superficial  degree  of  convergence  between 
comparable  mediterranean  types  of  vegetation  in 
the  two  areas. 
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field  studies  conducted  in  Southern  California 
and  Israel  from  1977  -  1980  by  the  author  and  Dr 
Robert  Whittaker.  Samples  were  taken  along  cli- 
matological  gradients  from  various  vegetation 
types  in  each  of  the  mediterranean  ecosystems. 

On  each  site  plots  of  1/lOth  hectare  (20x50  m 
1  dunam)  were  marked  and  all  sampling  was  carrie^ 
out  in  these  plots.   The  tenth-hectare  size  was 
chosen  as  being  large  enough  to  represent  the 
vegetation  adequately  but  not  too  large  for  effi 
cient  sampling  of  all  vascular  plant  species. 
The  samples  were  taken  at  the  peak  of  the  spring 
blooming.   Direct  visual  estimation  of  plant 
coverage  was  used  to  give  relative  importance 
value  for  species.   Detailed  plant  presence  and 
covers  were  also  recorded  in  ten  duplicate  quad- 
rats along  a  transect  of  ten  1  x  1  m  squares.   Tl 
percentage  of  rocks,  stones  and  total  plant  cove: 
and  percentage  of  ground  cover  of  all  perennial 
species  were  estimated. 

On  each  plant  species  sampled,  the  following 
parameters  were  recorded:   number  of  species; 
coverage  estimation,  growth  form  and  phenology. 
Detailed  analyses  of  different  species  of  this 
study  have  been  published  or  are  now  in  the  pro- 
cess of  being  summarized  (Shmida  and  Whittaker, 
1981a,  1981b) . 

Although  our  studies  in  the  Old  World  have  be( 
carried  out  in  Israel,  they  reflect  a  pattern  ob 
served  in  other  countries  in  the  Mediterranean 
Basin,  especially  the  eastern  part  of  Greece, 
Turkey  and  Lebanon  (personal  observations  in  Tur- 
key, France  and  Spain). 


ENVIRONMENTAL  COMPARISON 

On  a  gross  scale,  both  areas  have  a  similar 
topography:   shoreline  running  north-south,  a 
colline  (foothill)  belt  leading  to  main  ridges 
running  north-south  with  a  steep  eastern  scarp 
facing  a  desert,  and  a  rift  valley.   Climatic 
macro-gradients  are  also  similar:   a  relatively 
long,  gentle  north-south  gradient  of  precipita- 
tion (falling  to  the  south)  and  temperature  (ris- 
ing to  the  south);  and  east-west  orographic  gra- 
dients of  precipitation,  temperature,  and  contin- 
entality.   In  Israel,  the  gradients  are  shifted 
toward  the  warmer,  drier  portion  of  the  scale, 
but  they  occur  over  smaller  distances  and,  thus, 
can  be  steeper  than  gradients  in  California  (Atlc 
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srael  1970) . 

ifferences  between  the  two  areas  are  also 
iifLcant:   A  central  valley,  with  its  semi-arid 
^o,  is  absent  from  Israel;  the  Sierra  Nevada 
IS  much  higher  than  the  Galilee- Judean  ridge; 

of  the  colline  belt  of  Israel  is  a  low  ele- 
Dn  Pleistocene  plain  with  extensive  sandy  re- 
3  in  the  south  that  are  open  to  invasion  by 
■:t  elements,  whereas  the  colline  belt  of  Cali- 
La  is  of  older  metamorphic  hills  and  mountains 
Linelech  1962,  Horowitz  1974).   Geologically, 
?1  is  mainly  underlain  by  limestone,  the 
lering  of  which  typically  results  in  stony 
a-rosa  soil  (Zinke  1973) .   But  limestone  is 

m  California  and  the  soils  tend  to  be  less 
.■  and  deeper.  Climatically,  summer  precipi- 
Dn  is  completely  absent  in  Israel,  whereas 

Californian  vegetation  types  receive  at  least 
jrcent  of  annual  precipitation  during  summer 
ly  1966,  Baker  1944,  Major  1977) .   Furthermore, 
California  coast  experiences  frequent  summer 
and  the  central  valley  experiences  frequent 
3r  fog,  in  both  cases  effectively  reducing 
:>-transpirat ion  and  the  annual  amplitude  of 
Brature  (Martoz  and  Lahey  1975,  Major  1977). 
Lly,  human  disturbance  has  gone  on  for  a  long- 
Lme  in  Israel,  perhaps  for  120,000  years 
5h  and  Dan  1973,  Ashman  1973). 


absolutely  dry  summers)  climate  and  human  disturb- 
ance for  at  least  the  past  100,000  years.   In 
California,  the  mediterranean  climate  is  not  so 
completely  bi-phasic  and  human  populations  have 
been  modest  until  the  last  several  hundred  years 
(anthropological  remains  do  not  extend  beyond 
10,000  yr  BP) .   It  is  not  surprising  that  Old 
World  annuals  are  aggressive  when  introduced  to 
western  North  America,  for  they  are  placed  in  a 
relatively  empty  adaptive  zone  (Robbins  1940, 
Stebbins  1965,  Raven  and  Axelrod  1978) . 


MATORRAL 

Definition  of  Terms 

In  tropical,  sub-tropical,  and  temperate  areas, 
as  annual  precipitation  falls  to  300-600  mm,  for- 
ests give  way  to  either  woodland  or  matorral.   If 
the  forest  opens  up  to  trees  with  broad  root  sys- 
tems and  crowns  but  still  with  single  trunks, 
then  a  woodland  results;  if  canopy  cover  becomes 
less  than  30  percent,  a  steppe  forest  results. 
On  the  other  hand,  if  the  forest  becomes  shorter 
(2-8  m) ,  but  canopy  cover  remains  at  100  percent, 
and  the  trees  are  multi-stemmed,  a  matorral  re- 
sults.  If  the  shrub  canopy  opens  and  the  ground 
stratum  is  invaded  by  steppic  herbs,  the  result- 
ing vegetation  is  a  marginal  matorral. 


XISTIC  COMPARISON 

Ithough  the  physiognomies  of  various  herb-, 
u D- ,  or  tree-dominated  vegetation  types  are 
Lnlar  in  the  two  mediterranean  regions,  the 
icrlying  floras  are  quite  distinct,  even  at  the 
iiily  level.   In  the  shrub-dominated  matorral, 
^^  example,  only  one  species  is  shared:  Styrax 
■yilis.      More  than  400  taxa  which  have  been 
iiDduced  to  California  from  other,  predominantly 
Jcterranean,  areas  are  now  naturalized  and  wide- 
/  istributed  in  California.   But  apart  from 
i€a,  the  phylogenetic  differences  in  regional 
Leas  are  profound,  as  even  "most  of  the  common 
irra  have  had  an  independent  origin"  (Raven 
l":!).   Most  of  the  shared  evergreen  oaks,  for 
iCiple,  are  not  systematically  closely  related 
iJiler,  Tucker,  Zohary,  and  Avishai,  personal 
Jranications) .   Nevertheless,  some  pairs  of  taxa 
lih  do  show  relatively  close  systematic  and/or 
;cDgical  relationships  in  shrub-dominated  vege- 
3ton  are  in  the  genera  Cupressuft,    Junvpp.rus , 
■,  Arbutus,    Queraus,    Cercis,    Platanus,    RhamnuSy 
■\   Artemisia,   Salvia,    Lotus,    and  Snrophularia. 
:c  pairs  include  Umheltularia/Laurus ,    Pioker- 
^^,  Colic otome,    Prunus/Amygdalus,   Rhus/Pistacia, 

IJhnthemum/Fumana,    and  Brickellia./Varthemia. 
|ife  form  spectra  (after  Raunkiaer)  of  the  two 
cterranean  floras  also  show  large  differences 
r<le  1).   California  has  significantly  smaller 
rctions  of  annuals  and  geophytes,  but  larger 
rations  of  chamaephytes,  shrubs  and  trees.   The 
aie  diversity  of  annuals  in  the  Mediterranean 
S-I  believe,  an  evolutionary  response  to  two 
tisses:   a  dramatic  two-phase  (wet  winters. 


The  literature  of  both  Israel  and  California 
is  rich  in  synonymy  for  the  terms  defined  above. 
In  California,  chaparral  is  the  common  term  for 
matorral,  desert  chaparral  for  marginal  matorral, 
and  foothill  for  oak  or  oak-pine  woodland  for 
woodland.   Steppe  forest  would  be  equivalent  to 
pinyon- juniper  woodland  in  California.   Matorral 
has  many  synonyms  in  the  Mediterranean  region: 
garrige  or  gurique  (Quezel  1976,  Turril  1930, 
Taktajan  1941),  matorral  (Polunin  and  Smythies 
1973) ,  horesh  (Zohary  1973) ,  phrygana  (Polunin 
1980) ,  batha  (Eig  1946) ,  and  maquis  (Zohary  1973) . 
I  shall  use  the  term  maquis  to  refer  to  Israeli 
matorral,  reserving  phrygana  (batha  or  border 
batha)  for  a  different,  soft-leaved  lower  vege- 
tation type.   In  Israel,  the  woodland  is  a 
Ceratonia-Pistacia   or  Queraus   woodland,  and  the 
steppe  forest  is  dominated  by  Pistaaia   or  Juni- 
perus.       I  shall  define  deserts  as  regions  receiv- 
ing less  than  150  mm  precipitation  yearly;  semi- 
deserts,  including  marginal  matorral,  are  defined 
as  regions  receiving  150-300 (400) mm  annual  pre- 
cipitation . 


Physiognomy  and  Arboreal  Richness 

Both  California  chaparral  and  Israeli  maquis 
are  dominated  by  shrubs  and  multistem  pygmy  trees 
1.5  -  4  m  tall  with  evergreen  sclerophyllous 
leaves;  however,  the  details  of  canopy  architec- 
ture are  quite  different.   Chaparral  is  generally 
1.5  -  2m  tall  with  a  closed  (>  80  percent  cover) 
canopy;  it  is  essentially  a  unistratal  vegetation 
with  an  absence  of  herbaceous  elements  beneath 
the  evergreen  canopy.   The  maquis  canopy  generally 
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Table  1 


Life  form  spectra  of  mediterranean  floras  (y  diversity  scale)  in  Israel  and  California.   Life  form 
categories  are  modified  from  those  of  Raunkiaer.   Based  on  the  author's  floristic  lists  compiled  from 
vegetation  samples. 
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averages  4-5  m  in  height  and  is  open  many  times 
throughout,  averaging  less  than  40  percent  cover. 
In  some  areas  the  openings  are  due  to  grazing  and 
cutting,  but  in  other  areas  they  are  not  related 
to  animal  or  human  activity.   Open  maquis  has  been 
dominant  for  thousands  of  years  in  large  parts  of 
Israel,  and  succession  to  a  closed  matorral  is 
very  slow.   I  postulate  that  these  openings  have 
an  important  role  in  the  annual  richness. 

The  maquis  in  Israel  is  very  poor  in  woody  taxa, 
compared  to  chaparral.   It  is  typically  dominated 
by  one  species  of  evergreen  oak,  Quercus   calli- 
prinos    Tits  vicariads — Q.    coccifeva,    Q.    aucheri, 
Q.    rotundifolia — sequentially  replace  each  other 
along  the  northern  Mediterranean  toward  Spain) . 
Other  arboreal  elements  typically  contribute  less 
than  5  percent  cover  and  may  be  restricted  to 
particular  substrates,  as  Arbutus   on  marls  and 
chalk  and  Laurus   on  karstic  dolomite.   The  chap- 
arral in  California  typically  shows  a  mixed  domi- 
nance by  species  in  at  least  five  genera:  Queraus, 
Ceanothus,    Ehamnus,    Adenostoma,    and  Arctostaphylos 
(Hanes  1977,  Cooper  1922).   Pure  stands  of  Adeno- 
stoma  fasaiaulatum   can,  however,  be  found  on  hot, 
xeric,  steep,  stony,  or  frequently  burned  sites. 
From  my  own  sampling  data,  it  appears  that  the 
average  number  of  arboreal  taxa  per  dunam  in 
southern  California  chaparral  is  12,  versus  five 
in  Israel.   In  all  the  mediterranean  area  of 
Israel,  there  are  only  40  different  arboreal  spe- 
cies in  the  matorral,  whereas  in  a  comparable  area 
in  southern  California  we  sampled  143  different 
chaparral  elements.   This  indicates  that  not  only 
is  a  diversity  (community  richness)  higher  in 
California  than  in  Israel,  but  also  that  y  and  6 
diversity  (regional  richness  and  differential 
diversity)  are  higher  in  California  (Shmida  and 
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Whittaker  1981b) 


Deciduous  Elements 


Evergreens  dominate  the  vegetation,  but  flor 
stically  in  Israel  they  account  for  only  65  per 
cent  of  the  species  in  maquis.  In  chaparral, 
evergreens  account  for  over  95  percent  of  arbor 
species  (this  excludes  riparian  elements) .  As 
will  be  elaborated  in  a  later  section,  Californ 
has  a  general  paucity  of  deciduous  species,  par 
cularly  in  montane  belts. 


I 


Most  of  the  deciduous  elements  are  winter  de' 
ciduous,  perhaps  (in  Israel)  reflecting  an  inva' 
sion  of  Irano-Turanian  (steppic)  taxa  and  a 
lingering  result  of  recent  glaciation  (Zohary 
1973,  Shmida  1978) .   Obligate  summer  deciduous 
elements  are  absent  in  California  and  rare  in 
Israel  (only  three  species  -  Duphorbia  dendroidi 
E.    hierosolyminthana,    and  Anagyris  foetida) .      Si 
shrubs,  however,  are  facultatively  summer  decidi 
ous  and  have  green  stems--the  retamoid  syndrome 
(Zohary  1973,  Shmida  and  Whittaker  1981)  which  .liia! 
common  in  certain  Leguminosae  (Calayootome , 
Genista,    Eetama,    Spartium,    Ulex) .      Spinescence 
often  associated  with  this  syndrome.   In  Califoi 
nia,  only  Pickevingia  montana   exhibits  this  syn- 
drome.  It  is  a  monotypic  paleorelict  (Raven,   |.'is 
personal  communication)  which  shows  striking  coi 
vergence  with  Calyaotome   villosum   from  the  Medi' 
terrean  Basin.   The  Ceanothus    leuaodermis   group 
California  appear  to  be  evolving  toward  this  syi 
drome.   The  retamoid  syndrome  is  best  developed 
desert  elements  and,  thus,  is  more  common  in  th« 
desert  chaparral  of  California  (Baccharis   saro- 
throzdes,    Eriogonum  triahopex,    Gutierrezeia 


■K  'irae )  . 

rt  reous  Understory 

l3  herbaceous  stratum  beneath  chaparral  is 
rysparse  and  low  in  species  richness  (Hanes 
77  Shmida  and  Whittaker  1981).   Allelopathy, 
leLally  with  respect  to  Adenostoma    (McPherson 
i  jller  1969) ,  is  often  invoked  as  a  causative 
:t:.   There  is  no  evidence  from  the  Israeli 
leiture,  or  from  my  own  observations,  that 
Lespathy  may  be  a  factor  in  the  maquis.   In 
leil,  species  richness  is  greatest  at  the  can- 
,'  3ge  of  shrubs,  but  even  beneath  the  canopies 
lu^er  of  geophytes  and  hemicryptophytic  grasses 
1  ;  found  in  vigorous  condition  (Naveh  and 
Ltiker  1980,  Barbour  et  at.    1982). 


ipitions  To  Fire 

T;  ability  to  stump-sprout  following  crown  re- 
■a  is  common  in  both  maquis  and  chaparral,  but 
jniubers  are  absent  from  Israeli  taxa.  Ligno- 
)e ;  are  thought  to  be  ancient  and  phylogeneti- 
.1  primitive  (Nobs  1963) ,  and  may  have  evolved 
rsponse  to  some  factor  other  than  fire  (Axel- 
i,  lersonal  communication),  but  the  fact  remains 
it  ;oday  they  are  a  powerful  adaptation  to  fire. 


Serotiny  is  another  adaptation  to  fire  in  Cali- 
fornia, but  not  in  Israel.   A  number  of  closed- 
cone  pines  and  cypress  (Cupressus)    in  California 
are  associated  with  chaparral  vegetation  (Vogl  et 
at.    1977).   The  fossil  record  of  some  closed-cone 
pines  extends  back  to  the  Miocene  (Axelrod  1967) . 
Serotinous  diaspores  which  require  heat  scarifica- 
tion (e.g.,  seeds  of  Ceanothus   integerrimus)    are 
also  common  in  chaparral ,  as  they  are  in  the  Aus- 
tralian matorral  (mallee;  Moore  and  Perry  1970)  . 
Closed-cone  conifers  or  other  taxa  with  serotinous 
diaspores  are  absent  from  Israel.   Although  some 
Mediterranean  pines  do  have  cones  which  remain 
attached  to  the  tree  for  some  time,  all  open  fully 
on  hot  summer  days  and  are  not  serotinous  despite 
some  references  in  the  literature  to  the  contrary 
(Axelrod  1975,  Naveh  and  Dan  1973). 

There  seems,  then,  to  be  a  profound  difference 
in  the  degree  of  fire  adaptedness  of  the  two 
matorrals.   Possibly  the  maquis,  in  the  absence  of 
a  fire-type  climate,  with  frequent  dry  ligntning 
strikes  so  characteristic  of  the  chaparral,  has 
not  become  adapted  to  burning. 


Spinescence 

Compared  to  chaparral,  the  maquis  exhibits  few- 
er spinescent  arboreal  elements  but  many  more 
spinescent  hemicryptophytes  and  annuals  (Table  2) . 


Table  2 


nhrs  and  percentages  of  spinescent  taxa  by  growth  forms  in  the  mediterranean  floras  of  California  and 
rajl.   Based  on  the  author's  floristic  list  compiled  from  vegetation  samples. 
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2ntage  of  spiny  plants  relative  to  the  total  number  of  species  in  this  growth  form  category  (x  100) 
sntage  of  spiny  plants  relative  to  the  total  number  of  all  spiny  species  in  the  assemblage. 
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About  10.3  percent  of  the  chaparral  overstory  taxa 
have  spinescent  leaves  (e.g.,  some  Prunus,    Quercus, 
Rhamnus,    Ceanothus   spp.),  and  12.8  percent  have 
spinescent  stems  (and  all  of  these  are  deciduous) . 
In  Israel  32  percent  of  the  arboreal  element  of 
the  marquis  flora  have  spiny  stems  while  only  2 
percent  have  spiny  leaves. 

Spinescence  may  be  an  adaptation  to  aridity  or 
to  grazing  (Shmida  and  Whittaker  1981) .   It  may  be 
no  accident  that  some  of  the  more  pernicious  weeds/ 
adventives  introduced  to  California  from  the  Medi- 
terranean are  spinescent:  Ulex  europaeus,    Cen- 
taurea  solstitialis,   Silybum  marianum,    Cirsium 
vulgare,    Carduus  pyanoaephalus.      It  is  likely  that 
annual  and  hemicryptochyte  species  of  other  spi- 
nescent Israeli  genera,  such  as  Echinops,    Ono- 
pordon,    and  Notobasis,    will  reach  California  and 
also  become  widespread. 


Leptophylly 

Leptophylls  (small,  needle-like  sclerophylls) 
are  common  in  heath  vegetation  which  grows  on  poor 
soils  in  several  parts  of  the  world.   The  trait  is 
often  linked  with  the  family  Ericaceae.   Lepto- 
phyllic  species  are  absent  from  the  Israeli  maquis. 
They  are  f loristically  uncommon  in  California 
chaparral,  but  vegetationally  they  may  dominate 
many  areas.   Two  such  species  are  Adenostoma 
faseiculatim   and  A.    sparsifoliim   of  the  Rosaceae. 
The  adaptive  value  of  leptophylls  is  unclear,  as 
the  broad  sclerophyll  appears  to  be  optimally 
adapted  to  matorral  climate  (Mooney  et  at.    1974, 
Miller  and  Mooney  1974) .  Adenostoma    leaves  are 
resinous  and  contain  many  terpenes  which  are  flam- 
mable (Countryman  and  Philpot  1970) ,  and  the 
selective  force  may  have  been  fire  frequency. 


PHRYGANA 


Definition  Of  Terms 


Phrygana  vegetation  is  dominated  by  suffrutes- 
cent  chamaephytes :   subshrubs  20-70  cm  tall  with 
shoots  which  at  least  partly  die  back  each  year 
(that  is,  the  buds  are  not  at  branch  apices; 
Orshan  1964,  1972) .   Canopy  cover  may  be  as  ex- 
tensive as  in  matorral,  but  total  biomass  is  much 
lower  (Mooney  1977) .   Leaves  tend  to  be  soft  and 
pungent,  emitting  volatile  terpenes,  and  winter 
foliage  is  regularly  replaced  in  summer  by  smaller, 
more  sclerophyllous  foliage;  some  species  are 
facultatively  drought  deciduous.   Phrygana  occu- 
pies drier  sites  than  matorral. 

Synonyms  for  this  vegetation  in  California  in- 
clude coastal  sagebrush  (Jensen  1947) ,  soft  chap- 
arral (Whittaker  1954),  and  coastal  sage 
scrub  (Mooney  1977) ;  in  the  Old  World  they  include 
batha  (Eig  1946,  Zohary  1973) ,  low  matorral 
(Polunin  and  Smythies  1973) ,  and  phrygana 
(Margaris  1976,  Polunin  1980) .   I  shall  refer  to 
the  California  example  as  coastal  sage  and  to  the 
Israeli  one  as  Israeli  Phrygana  (capitalized) . 
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Comparative  Features 

California  coastal  sage  is  mainly  distribute^ 
south  of  the  Santa  Monica  Mountains  (Raven  1977  -• 
Jensen  1947,  Mooney  1977).  Major  dominants  in 
elude  Artemisia  aalifornioa.  Salvia  mellifera,  , 
S.  leucophylZa.  Moving  to  the  more  arid  south 
east,  more  and  more  desert  elements  are  added 
(e.g.,  Simmondsia  ohinensis ,  Viguiera  dettoides_ 
Mammilaria  dioioa,  Trixis  aalif arnica,  Sphaerat 
ambigua,  Franseria  dumosa,  Mirabilis  bigelovii) 
It  occupies  only  about  2  percent  of  the  state's 
area,  that  is,  only  about  h  of  the  area  occupiei 
by  chaparral. 


In  Israel,  the  Phrygana  is  relatively  much  mi 
extensive,  covering  more  than  40  percent  of  alii 
hilly,  upland  terrain,  and  75  percent  in  some   i 
areas  such  as  the  Judean-Samarian  province ,   Doii  i 
nant  genera  include  Saroopoterium,    Cistus.  Saturt   .^ 
Helianthemim,    Fumana,    Corydothymus,    Salvia,    and'  ., 
Ononis.      Near  the  desert,  the  Phrygana  opens  up 
and  becomes  predominantly  herbaceous,  with  many 
desert  geophyte  additions;  this  phase  of  the  Ph: 
gana  can  be  called  border  batha  (Zohary  1973) . 
is  likely  that  the  Israeli  Phrygana  now  occupie 
more  territory  than  it  once  did  because  of  the 
activities  of  man.   Zohary  (1973)  and  Naveh  (19 
assume  that  it  is  a  successional  stage  which  fo 
lows  degradation  of  maquis.   Throughout  the  Med 
terranean  phrygana  does  become  established  foll^ 
ing  cutting  and  heavy  grazing  in  matorral  (Zoha 
1973,  Litav  1961,  1967);  in  southern  California 
may  follow  frequent  burning  in  chaparral  (Coope, 
1922,  Wells  1969).   Danin  (1970)  postulated  tha 
the  origin  of  the  phrygana  was  on  the  border  of 
the  Mediterranean  and,  as  civilization  devastat 
the  maquis,  the  phrygana  expanded.   In  Californ 
this  process  may  just  be  beginning. 

A  summary  of  life  forms  in  coastal  sage  scru 
Phrygana,  chaparral,  and  maquis  is  presented  in 
Table  3.  There  is  a  close  parallelism  in  the  p 
cent  of  phrygana  floras  in  each  life  form  categ 
with  a  few  exceptions:  1)  Annuals  are  more  com 
in  the  Israeli  Phrygana  than  in  California.  Th 
difference  is  even  more  pronounced  if  we  exclud 
from  the  list  the  introduced  species  (15.8  per- 
cent) which  came  from  the  Mediterranean  Basin. 
2)  The  Israeli  Phrygana  has  more  geophytes  but 
less  hemicryptophytes  compared  with  the  Califor 
phrygana.  3)  Cacti  and  succulents  are  absent  i 
Israel,  while  in  California  they  are  consistent 
found  in  the  phrygana.  4)  On  the  whole,  woody 
species  are  more  abundant  in  California  than  in 
Israel  and  the  opposite  pattern  is  true  for  the 
herbaceous  species. 
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Table  3 

arisen  of  Growth-form  Spectra  on  a  diversity  scale  of  the  Matorral  and  Phrygana  Formation  between 
el  and  California.   Based  on  the  author's  floristic  lists  compiled  from  vegetation  samples. 
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ive  attempted  not  only  to  summarize  each  paper 
M  also  to  refer  to  other  information  and  papers 
o;hat  the  reader  can  evaluate  its  contribution. 

ike  full  responsibility  for  the  interpretation 
ifchese  papers  in  this  summary.  The  first  two 
ia?rs  deal  with  vegetation  classification,  the 
;h"d  paper  contrasts  California  -  Israel  shrub- 
ais,  two  papers  deal  with  chaparral  succession, 
in  the  final  paper  presents  a  timely  discussion 
in:oastal  sage  scrub  succession.  Each  author 
la  made  a  significant  contribution  to  the  manner 
nvhich  we  classify  and  perceive  the  dynamics  of 
leiterranean-type  vegetation. 

\   jditerranean  System 

The  classification  of  flediterranean-type 
re^tations  has  been  a  challenge  to  biologists 
in  geographers  through  the  20th  Century, 
iaoero  and  Quezel  herein  build  a  strong  case  for 
jhLosociological  and  bioclimatic  analysis  of 
teiterranean-type  plant  associations.  They 
:lim  that  the  traditional  physiognomical  and 
:h  more  sophisticated  ecophysiological  and 
Juecological  studies  used  in  the  United  States 
ir  not  suitable  methods  for  classifying 
leiterranean-type  ecosystems.  They  suggest 
:ht   purely  physiognomical  methods  portray  only 
1  nail  part  of  the  total  ecology  of  vegetation, 
ivi  strictly  phytosociological  methods  have 
lilted  anplication  in  classifying  ecosystems. 

3arbero  and  Quezel  (these  proceedings)  propose 
1  Drrelation  of  ecological  and  dynamic  approaches 
icje  used  in  classifying  ecosystems.  They  point 
)u  that  problems  arise  when  climatic  criteria  are 
ih  sole  basis  of  classification.   In  America 
)lit  ecologists  are  aware  of  the  severe  limita- 
tUs   of  the  old  ilerriam  life  zones  based  upon 
:h-mal  minima.  Furthermore,  Barbero  and  Quezel 
]U   evidence  that  climatic  zones  do  not  match 
/ejtation  zones  based  on  physiognomy.  They 
)r3ose  that  the  problem  can  be  rectified  by 
isig  bioclimatic  criteria  such  as  water  balance 
)>neans  of  instruments  or  theoretically,  using 
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coefficients.  Summer  drought  is  universally 
accepted  as  a  bioclimatic  component  of 
flediterranean-type  vegetation. 

Barbero  and  Quezel  show  that  by  not  setting  a 
limit  on  thermal  minima,  an  entire  scale  of 
vegetation  types  emerges.  Also,  annual  rainfall 
and  humidity  create  bioclimatic  zones  that  are 
useful  in  vegetation  classification.  Finally, 
altitudinal  levels  can  be  correlated  with  therm- 
al criteria,  species  composition,  and 
vegetation  types. 

It  is  stated  that  dynamic  approaches  to 
classifying  ecosystems  consider  successional 
trends  of  vegetation  and  the  development  of 
stands  of  vegetation.  Readers  may  find  the  use 
of  the  term  "vegetation  evolution"  confusing 
since  the  authors  are   actually  describing 
succession  (vegetation  change  through  time). 
The  authors'  traditional  view  of  vegetation 
succession  does  not  consider  the  different 
adaptive  strategies  of  various  species  to 
perturbations  nor  the  current  debate  on 
different  types  of  succession  (Drury  and  Nisbet 
1973,  Grime  1979).   It  is  unclear  how  the 
authors  determine  successional  stages  and  how 
such  determinations  are  used  in  their  classifi- 
cation scheme. 

The  authors  identify  the  classical  success- 
ional sequence  of:  annual  grassland  -  perennial 
grassland  -  scrubs  -  pre-forest  formation  - 
climacic  forest.  If  this  classical  sequence 
applies  broadly  to  the  entire  Mediterranean  rim 
it  differs  markedly  from  California  chaparral 
succession.  In  California,  chaparral  replaces 
itself  and  does  not  give  way  to  forest  except 
in  its  upper  elevational  reaches.  Disturbance 
initiates  physiognomic  changes  (to  herb  and 
scrub  phases)  concomitant  with  shrub  seedlings 
and  crown  sprouts.  Over  most  of  the  chaparral 
lands  of  California,  the  climax  vegetation  is 
chaparral.  The  existence  of  herb  and  scrub 
phases,  a  few  years  after  disturbance,  are  not 
obligate  preparatory  sere  to  chaparral 
development. 

Barbero  and  Quezel  end  their  paper  by 
suggesting  various  methods  of  classifying 
ecosystems  for  applied  purposes.  These  are 
mapping,  numerical  analysis,  and  ecological 
zonation.  Practitioners  may  find  the  reduction 
of  vegetation  parameters  to  numerical  values  of 
limited  utility. 

A  California  System 

Paysen  nives  an  extensive  review  of  vegeta- 
tion classification  in  California  and  describes 
a  new  system  suited  to  various  user  needs, 
■liistification  for  a  new  classification  system 
is  orovided  by  showing  t!iat  serious  inter- 
discinlinary  communication  oroblems  exist  due  to 
divernent  orincioles  and  uses  of  classification 
outDut.  Earlier  syster.is  of  vegetation  classifi- 
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cation  are  no  longer  suitable  to  resource 
managers  and  researchers  due  to  changing 
perceptions  of  vegetation. 

Historically,  California's  vegetation  has 
been  described  in  natural  terms.  Broad  physio- 
gnomic types,  such  as  grassland  and  timber, 
emerged  when  California's  vegetation  was  viewed 
as  a  resource.  Classification  systems  developed 
in  relation  to  timber  production  and  range 
values,  neither  of  which  included  the  shrublands 
with  their  watershed  values.   In  the  1930's,fire 
management  planning  in  southern  California  led  to 
a  major  vegetation  classification  and  mapping 
effort  undertaken  by  Wieslander.  The  widely  used 
Munz  system  of  classifying  vegetation  into  plant 
communities,  first  introduced  in  the  late  1930's, 
leaves  much  to  be  desired  since  it  is  entirely 
subjective  in  nature.  Several  studies  in  the 
1970's  recognized  habitat  types  and  detailed 
vegetation  composition,  but  fail  to  provide  a 
universal  system  of  classification. 

The  new  vegetation  classification  system 
developed  in  California  acknowledges  the  need 
resource  managers  have  for  an  understanding  of 
the  nature  of  dynamics  of  vegetation  in  precise 
terms  rather  than  phytosociological  abstractions. 
It  assumes  that  anyone  in  the  field,  practitioner 
and  researcher  alike,  can  classify  a  site- 
specific  plant  community  by  tabulating  a  few 
vegetation  characteristics.  This  tabulation 
follows  an  aggregative  hierarchy  in  logical 
sequence. 

Classification  starts  with  a  basic  unit,  the 
Association,  and  builds  upward  through  the 
hierarchy  in  progressively  broader  descriptive 
terms.  It  is  important  to  realize  that  the 
Association  is  considered  independent  of  the 
ecology,  phytosociology ,  or  stage  of  development 
of  the  vegetation.  The  Association  is  named  in 
terms  of  the  relative  crown  cover  of  dominant 
overstory  species  and  the  dominant  species  in 
subordinant  layers.  Codominant  species  can  be 
included  in  the  Association  name. 

Associations  are  aggregated  into  Series  based 
on  dominant  overstory  species;  into  Subformations 
based  upon  leaf  and  stem  morphology;  into   — 
Formations  based  upon  growth  form.  The  Phase 
IS  a  flexible  qualifier  category  used  to  describe 
Associations  of  varying  age,  condition,  or 
stage  of  development.  Most  of  these  vegetation 
parameters  are  readily  determined  by  experienced 
field  workers. 

_  The  greatest  strength  of  this  new  classifica- 
tion system  is  that  it  is  a  system  rather  than 
a  classification  of  vegetation.  It  is  a 
universal  framework  into  which  any  and  all 
vegetation  can  be  fit.   If  all  future  studies 
classify  vegetation  with  this  system,  a  large 
groundswell  of  information  will  be  developed  that 
will  communicate  vegetation  information  to  all 
practitioners  and  researchers  familiar  with  the 


system.  The  vast  array  of  Environmental  Impact |jl«'''' 
Reports  (E.I.R.'s)  prepared  in  the  past  decade  » 
would  have  contributed  immeasurably  to  our  know-|lWi 
ledge  of  California  vegetation  had  this  system  l^^ 
been  in  use.  The  same  can  be  said  of  all  man 
dated  U.S.  Forest  Service  resource  inventories,! 
as  well  as  watershed  management  studies,  fuel 
modification  and  type  conversion  studies,  contrci 
and  prescribed  burn  studies,  and  plant  ecologicjj 
and  wildlife  habitat  studies. 


Unfortunately  Paysen's  paper  does  not  presen1|itl 
results  of  trials  and  case  studies.  This  void  1 
particularly  evident  when  one  considers 
chaparral.  Does  the  system  chop  chaparral  into 
large,  medium  or  small  chunks?  Several  other 
questions  may  occur  to  the  student  of  classifyiij 
methodology.  Since  both  Subformations  and 
Formations  are  based  upon  life  form  characteris-( 
tics,  what  is  the  difference?  Does  growth  form,! 
Formations  refer  to  plant  height,  crown 
diameter,  or  the  physiognomy  of  the  vegetationTilsli 
Further,  no  indication  is  given  of  difficulties|fre 
experienced  with  the  system.  One  wonders  what  Sjtt 
the  training,  exoerience,  and  commitment  of  the 
classifiers  was  or  needs  to  be.  Undoubtedly, 
uniform  classification  results  will  depend  upon 
the  background  of  those  who  use  the  system. 
Finally,  the  system  needs  and  deserves  a  name. 
After  all,  if  it  is  intended  to  communicate 
between  disciplines,  we  all  need  to  know  what  1 
is  called. 


The  common  language  and  the  universal  appli- 
cation of  what  I  think  should  be  called  the 
Cal ifornia  System  of  Vegetation  Classification 
makes  it  the  system  that  all  people  involved 
in  vegetation  work  should  adopt  now  and  use 
consistently.   Its  widespread  use  throughout 
California  could  be  the  most  significant, 
unifying  vehicle  in  vegetation  studies  and 
vegetation  management  in  the  1980's.  One  can 
only  speculate  as  to  its  contribution  to  our 
understanding  of  the  various  vegetations  we 
call  chaoarral . 


California-Israel  Shrublands 

By  contrasting  and  comparing  the  mediterranef 
type  vegetations  of  California  and  Israel,  Shmif 
has  given  us  insights  into  their  unique  featurei* 
Although  they  represent  the  same  ohysiognomic 
types,  the  vegetative  compositions  of  the  two 
regions  are  distinctly  different.  This  of 
course,  is  why  the  concept  of  convergent  evolu- 
tion has  been  so  productive.  It  says,  given 
groups  of  plants  of  different  phylogenies  and 
independent  origin  but  exposed  to  similar 
environmental  conditions  through  time,  the  plan 
will  develop  similar  morphologies,  physiologies 
and  physiognomies.  Readers  may  question  the 
validity  of  Schmida's  extrapolations  from 
Israel  to  the  other  Mediterranean  rim  countries 
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sraeli  maquis  compared  with  California 
h'larral  is  taller,  less  dense,  and  less  woody, 
s.eli  maquis  is  also  richer  in  species  and 
jei'ra,  both  in  local  stands  and  between  regions. 
:h.iarral  is  composed  almost  entirely  of  ever- 
ir:n  species  where  Israeli  maquis  contains  many 
le  duous  species.  Few  chaparral  shrubs  are 
piescent  stemmed  but  many  have  spinescent 
e'es.  There  is  usually  no  herbaceous  under- 
t.y  in  the  chaparral.  Lignotubers  and  root- 
rin   sprouting  in  chaparral  are   strong  adapt- 
tms  to  fire,  but  there  is  no  counterpart  in 
s  lel .  California  chaparral  is  more  clearly 
i  •  adapted  both  in  vegetative  and  sexual 
e  -oduction. 

lontane  chaparral  invades  the  coniferous 
0!St  as  an  understory.   In  Israel  there  is  no 
ui  invasion  in  the  tree  zone  above?  it  is 
laily  deciduous. 

:oastal  sage  scrub  vegetation  differs  from 
sieli  phrygana  in  several  respects.  It  is 
10)  restricted  in  distribution  and  may  reflect 
1  lorter  exposure  to  overgrazing  than  in  Israel, 
itilents  of  coastal  sage  scrub  ecosystems  will 
10)  that  dominant  species  (Encelia  farinosa 
in  Eriogonum  fasciculatum)  were  not  included 
lU  that  Shmida  included  many  desert  species 
10  commonly  a  part  of  sage  scrublands.  Rather 
.hi  coastal  sage  scrub  expanding  into  disturbed 
:li)arral  on  a  grand  scale,  we  are  seeing  the 
le  se  of  coastal  sage  scrub  owing  to  urbaniza- 
.ii.  Sage  scrub  has  more  woody  shrubs  and  fewer 
inials  than  phrygan?,  yet  in  the  springtime 
:h  intershrub  spaces  may  support  a  diverse  herb 
;a')et.  Several  cacti  and  other  succulents  are 
oonents  of  coastal  sage  scrub. 

lyimics  of  Chaparral  Change 
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on  has  been  a  fruitful  concept  in 
ng  the  dynamics  of  California 
ince  the  turn  of  the  century 
11,  Clements  1916,  Cooper  1922).  Yet 
studies  have  shown  that  classical 
t"  succession  does  not  apply  to 
chaparral  (Hanes  1971,  1977).  Dr. 
sts  chaparral  with  classical 
showing  that  the  absence  of  serai 
their  site  modification  properties 
ral  distinctive.  There  are  several 
features  that  need  to  be  emphasized. 


)r.  Vogl  is  correct  in  his  description  of 
Tiary  chaparral  succession  as  direct,  that  is, 
nision  of  a  site  by  climax  species.   It  is 
riDrtant  to  note  that  primary  chaparral 
u;ession  does  not  involve  the  complete  soec- 
ri  of  chaparral  plant  species.  Rather,  only 

?w  half-woody  and  woody  species  colonize 
ijin  sites.  These  include  California  buckwheat 
E  ogonum  fasciculatum),  chaparral  yucca 
X^ca  whipplei )  pricklyoear  cactus  (Opuntia 
pTTyerba  santa  (Eriodictyon  spp.) ,  and 


chamise  (Adenostoma  fasciculatum).  Increased 
species  diversity  on  colonized  sites  seems  to 
be  a  protracted  process,  and  if  the  substrate 
is  unstable,  species  diversity  remains  low 
indefinitely. 

Primary  chaparral  succession  occurs  on  broken 
rock  surfaces  in  mountains  and  on  alluvial  fans 
and  washes  in  valleys.  Alluvial  scrub,  the 
vegetation  that  develops  on  floodplains  (Cooper 
1922,  Smith  1980),  reveals  many  vegetation 
dynamics  that  result  from  periodic  flooding;  (1) 
New  substrates  are  formed  by  stream  deposits 
during  intense  winter  storms.  (2)  Colonization 
is  accomplished  by  seeds  of  ruderals,  subshrubs 
of  coastal  sage  scrub,  and  woody  chaparral 
species.  (3)  Mature  stands  are  composed  of  a 
rich  flora  of  springtime  herbs  and  extensive 
stands  of  subshrubs  punctuated  with  large  ever- 
green chaparral  shrubs.   In  this  vegetation  type 
there  does  not  seem  to  be  a  decline  in  product- 
ivity or  species  diversity,  or  an  increase  in 
senility  with  age.  For  these  and  other  reasons 
it  is  a  suitable  vegetation  type  upon  which  to 
test  conceptual  models  of  succession. 

Chaparral  contrasts  with  many  ecosystems  in 
that  there  is  little  if  any  increase  in  species 
diversity  as  the  stand  matures  (Horton  and 
Kraebel  1953,  Patric  and  Hanes  1964).   In 
fact,  if  one  considers  the  ruderals  (annuals)  as 
part  of  the  chaparral,  there  is  a  dramatic  re- 
duction in  species  diversity  within  the  first 
five  years  after  fire.  Even  by  excluding  the 
ruderals  of  the  herb  phase,  the  number  of 
individuals  and  the  demise  of  some  woody  species 
results  in  stands  of  low  species  diversity.  This 
is  particularly  true  on  the  more  xeric  sites  that 
support  chamise  chaparral  (Hanes  1971).  This 
"unstocking"  of  chaparral  stands  as  they  mature 
is  a  unique  feature  that  correlates  with  a 
decline  in  live  tissues  of  those  plants  that 
remain  (Hanes  1971). 

In  Dr.  Vogl's  conceptual  model  of  chaparral 
succession, the  process  is  considered  cyclic 
rather  than  linear  retrogressive.  The  cycle  or 
pulse  is  initiated  by  a  perturbation,  mainly 
fire.  Like  an  off-centric  at  the  too  of  a  wheel, 
fire  results  in  high  initial  oroductivity  and 
species  diversity  that  gradually  decrease 
through  time  until  the  next  perturbation 
accelerates  them  again.  Dr.  Vogl  raises  an 
interesting  point  when  he  states,  "The  concern 
in  chaoarral  is  not  so  much  if  chaparral  will 
recover  after  fire  and  how  long  it  will  take, 
but  rather  how  rapidly  the  system  will  decline 
without  fire".  We  know  that  chamise  chaparral 
stands  60-90  years  old  have  very  low  productivity 
and  species  diversity,  and  are  often  decadent 
(Hanes  1971).  In  more  mesic  chaparral,  such  as 
scrub  oak  chaoarral,  the  rate  of  vegetation 
decline  is  much  more  protracted,  perhaps  two  to 
three  times  as  long. 

Or  Vogl's  claim  that  decreased  erosion 
leads  to  chaparral  replacement  by  grassland  and 
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savanna  or  forest  should  lead  readers  to  some 
questions  and  debate.  There  are  numerous 
steep  sites  occupied  by  oak  and  pine  forests. 
Steep  rocky  slopes  are  not  the  exclusive  domain 
of  chaparral.  Surely  there  are  many  other 
factors  than  steep  slope  gradients  and  high 
erosion  rates  that  account  for  the  presence 
of  California  chaparral  on  the  millions  of 
acres  (hectares)  upon  which  it  grows. 


Chamise  Chaparral  Succession 
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dy  of  chaparral  succession  is 
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In  our  understanding  of  chaparral  dynamics 
the  picture  continues  to  emerge  that  the  shrubs 
composing  the  mid-successional  stand  are  of  two 
types;  short-lived  and  long-lived.  Within  the 
short-lived  group  some  Rundel  found  were  half 
shrubs  such  as  Malacothamnus ,  Lotus, 
Eriodictyon,  and  Dendromecon,  whereas  the 
others  are  woody  shrubs  having  developed 
from  seed,  but  die  out  of  the  stand  when  it  is 
middle-aged.  Many  species  of  Ceanothus  are   of 
this  type.  These  drop-outs  can  be  explained 
on  the  basis  of  competition,  and  yet  differences 
in  life  span  and  tolerance  to  stress  must  be 
considered  (Grime  1979). 

Senility  of  old  chamise  chaparral  has  been 
recognized  for  some  time  (Hanes  1971).  However, 
its  cause  has  only  been  speculative  until 
recently  (Rundel  and  Parsons  1980).  Limited 
nutrient  availability,  especially  nitrogen,  may 
contribute  to  the  decline  of  chamise  chaparral. 
More  work  is  needed  to  show  whether  tha  fire- 
induced  pulse  results  in  a  high  input  o^ 
nitrogen  by  the  young  vegetation.   If  the 
initial  input  must  serve  the  chaparral  throughout 
its  development  and  maturation,  then  a  deficiency 
could  help  explain  the  low  productivity  of  old 
stands . 


Not  all  resprouting  shrubs  survive  fire  (Ha;,'), 
and  Jones  1967).  Even  though  Rundel's  data  ft 
show  unusually  high  percentages  of  rootcrown  !|'L 
his  findings  serve  as  a  caution  at  this  time  ol'j, 
increasing  interest  in  control  burning.  Old  L, 
stands  of  chaparral  with  high  fuel  loads  can  |f 
generate  heat  sufficient  to  kill  many  rootcrowi 
Rootcrown  mortality  from  fire  is  also  correlat 
with  the  season  of  the  year  as  it  relates  to  | 
starch  reserves  in  the  roots.  Low  starch  resel 
in  late  spring  and  early  summer  reduce  resprof 
ing  potentials.  But  low  moisture  content  in 
the  soil  reduces  the  impact  of  fire  on  seed 
reserves  (Dunn  &  Poth  1979).  Resource  manager 
must  fit  control  burn  schedules  to  their  post- 
fire  vegetation  needs. 


lies 
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Coastal  Sage  Scrub  Succession 

Westman's  paper  on  coastal  sage  scrub 
succession  is  timely.  For  too  long  botanists 
and  land  managers  alike  have  treated 
coastal  sage  scrub  and  chaparral  as  one 
vegetation  type.  Several  characteristics  argue! 
against  this  practice.  Among  them  are  leaf  tyfj 
(mesophyllous,  drought  deciduous),  half-woody 
(subl  igneous)  stems,  and  greater  drought  toler-l 
ance.  When  compared  to  the  hard  (sclerophylloLl 
evergreen  leaves  of  chaparral  shrubs^ and  their 
woody  stems  and  greater  stature,  it  is 
unfortunate  that  these  distinctly  different 
"ledi terranean-type  vegetations  have  been  con- 
sidered as  one.  The  use  of  soft  chaparral  wheni 
speaking  of  coastal  sage  scrub  is  an  unfortunat 
misnomer  that  should  be  abandoned. 


Westman  provides  ample  evidence  for  treat- 
ing coastal  sage  scrub  as  distinct  from  chaparr 
in  structure,  composition,  physiognomy,  phenolo 
physiology,  habitat,  and  distribution.  Two 
major  formations  are  recognized:  northern  coas 
al  scrub  and  southern  coastal  sage  scrub.  The 
southern  formation  is  further  subdivided  into  ' 
Venturan,  Riversidian,  and  Diegan. 


As  with  chaparral,  the  leaf  is  the  single 
most  diagnostic  feature  of  coastal  sage  scrub 
vegetation.  It  is  small  to  medium  size, 
mesophyllous,  drought-intolerant,  has  higher 
transpiration  rates  than  chaparral  sclerophylls 
and  is  susceptible  to  SO2  damage. 

Three  leaf  duration  features  are  described: 
(1)  short  (1-2  months),  (2)  small  leaves  on  lat 
eral  stems  during  summer  drought,  (3)  recovery 
after  prolonged  wilt.  Westman  proposes  that 
photoperiod  may  be  the  trigger  mechanism  for 
seasonal  leaf  dimorphism  rather  than  drought, 
his  findings  indicate  a  higher  incidence  of  leal 
dimorphism  on  recent  burns  where  environmental 
conditions  are  more  stressful. 

Coastal  sage  scrub  is  known  for  its  aromatic 
properties  and  subligneus  stems.  The  leaf  oil 
content  of  dominant  species  is  high,  resulting 
in  high  flammabil i ty.  Both  coastal  scrub  and 
chaparral  vegetations  are  fire  types.  Yet  due 
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t(,the  lower  fuel  loading  from  both  live  and 
,d(d  stems,  scrub  communities  support  low  fire 
itensities.  Such  low  fire  heat  allows  for 
alndant  seed  survival  and  the  sprouting  of 
bined  rootcrowns,  even  though  they  lack  root- 
ciwn  burls  (1 ignotubers) . 

The  subl igneous  stems  and  the  mesophytic 
lives  of  coastal  scrub  species  have  other 
iilications  as  described  by  Dr.  Westman. 
Di'omposition  rates  are  high,  resulting  in 
ro"d  nutrient  turnover.  The  life  expectancy 
0  most  sage  scrub  species  is  generally  short 
( 1-30  years),  and  so  the  death  and  decomposition 
0  entire  plants  accelerates  nutrient  turnover. 

A  unique  feature  of  coastal  scrub  species  is 
t!ir  ability  to  colonize  disturbed  sites  as  well 
a  replace  dead  companions  in  intact  stands. 
T  s  feature  allows  scrub  species  to  invade 
b'ned  chaparral  sites  at  low  elevations,  form 
e;laves  within  chaparral  stands,  and  to  maintain 
a;limax  community  of  coastal  sage  scrub  with  a 
m.aic  of  shrub  ages. 

Dr.  IJestman  has  laid  a  strong  foundation  in 
o;  understanding  of  the  coastal  sage  scrub 
v^jetation  of  California.   It  should  be  clear 
t'it  this  vegetation  is  a  unique  ilediterranean- 
tSe,  distinct  from  chaparral,  and  that  its 
cnpositional  features  as  well  as  its 
v^etation  dynamics  demand  attention  from 
sientists  and  practitioners. 
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Vegetation  Changes  in  Mediterranean 
Australia  Since  European  Settlement^ 


Marilyn  D.  Fox" 


The  Australian  continent  has  only 
recently  been  exposed  to  the  effects  of 
the  agricultural  and  industrial  revolut- 
ions.  Its  existence  was  known  to  navi- 
gators of  the  late  sixteenth  century,  and 
in  particular  its  northern  and  western 
coasts  were  charted  through  the  early 
seventeenth  century  but  with  few  record- 
ed excursions  ashore. 

The  first   uropean  settlement  was  at 
Sydney  in  1788,  with  the  mediterranean 
regions  being  settled  later:   on  the  Swan 
River  (Perth)  in  Western  Australia  in 
1828  and  in  the  Gulf  of  St.  Vincent 
(Adelaide)  in  South  Australia  during  1836. 
At  the  time  of  exploration  and  settlement 
the  continent  was  home  to  an  aboriginal 
people  who  had  been  there  for  at  least 
40,000  years.   The  dingo  (Canis 
f amiliaris  dingo)  was  the  only  animal 
associated  with  these  hunter-gatherers 
and  their  only  tools  were  spears, 
woomeras  (throwing  sticks),  boomerangs 
and  stone  axes,  plus  their  use  of  fire. 
Fire,  then  and  now,  was  used  to  drive 
large  game  into  ambush,  but  more  sign- 
ificantly it  attracted  game  to  the 
resulting  soft  regenerating  growth  which 
was  also  gathered  by  the  women.   The 
Australian  aborigine  did  not  practise 
agriculture;  fire  was  the  only  agent  used 
to  modify  the  environment. 

With  the  coming  of  European  man,  a 
continent  that  had  known  only  the 
sparsely  dispersed  aborigines  was  invaded 
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Abstract:   This  paper  reviews  the  vege- 
tation of  the  mediterranean  regions  of  | 
Australia  :  as  it  was  before  European 
settlement  less  than  200  years  ago,  its] 
degradation  under  agricultural  practic 
with  introduced  plants  and  animals,  and| 
current  and  future  land  use.   The  main 
agencies  of  change  have  been  clearing,  |i| 
grazing,  fertilizing,  altered  fire  regi\Jj: 
and  introduced  species,  both  exotic  pla  | 
species  and  introduced  grazers.   There  it*^ 
have  been  extinctions  (both  total  and 
local)  while  other  native  species  have  " 
had  their  demographies  and  distribution 
altered. 
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Mediterranean  Climate  in  Australia 

The  occurrence  of  mediterranean 
climate  in  Australia  has  been  interpret  ■■ 
differently  by  different  authors.   Thos  ■■" 
who  have  used  the  stricter  interpretati  ■ 
of  Koppen's  Cs  type  (Koppen  1936),  of  a '■'- 
distinct  summer  half-year  drought  with  pl 
appreciable  rainfall  during  the  winter  ito 
months,  include  Aschmann  (1973)  and    W 
Milewski  (1979).   Specht  and  Moll  (in 
press)  extended  this  by  including  the 
cool  semiarid  (BSk)  type.   Figure  1  sho.- 
the  distributions  of  these  types,  as  wejs" 
as  that  of  the  hot  semiarid  (BSh)  type  j^'" 
where  this  corresponds  more  closely  witi 
vegetation  boundaries.   The  figure  is   _ 
redrawn  from  Dick  (1975,  after  Koppen 
1936).   The  mediterranean-type  climate 
(Csa,  Csb  and  BSk)  occurs  over  8  percen 
of  the  continental  area. 


The  mediterranean  regions  are  rough! 
the  south-west  of  Western  Australia  and 
the  eastern  edge  of  the  Great  Australia  ^ 
Bight.   Perth  and  Adelaide  are  the  only 
centres  of  population  in  these  regions. 
To  the  north  the  mediterranean  regions   , 
are  bounded  by  the  arid  (BW)  zone  while 
to  the  east  the  climate  is  humid  with 
more  evenly  distributed  rainfall  (Cf_)  . 

Ill 
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Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Rai 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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Figure  1-- 

The  climates  of  temperate 
Australia  after  Koppen 
(1936)  from  a  map  by  Dick 
(1975) .   The  mediterr- 
anean climates  (Cg^)  and 
cool  semiarid  (BSk)  types 
are  shown  as  well  as  the 
warm  semiarid  (BSh)  type 
where  this  corresponds 
to  vegetation  boundaries 


E  )RIGINAL  VEGETATION 

'he  vegetation  of  the  mediterranean 
g:)ns  of  Australia  is  illustrated  in 
q '.    (based  on  a  map  by  Moore  1969). 
i;  ranges  from  the  impressive  forests  of 
d  1  western  Australia  through  the  wood- 
n(5  of  characteristically  "mallee" 
CiLypts,  to  the  heathlands  and  chenopod 
rjlands.   Given  the  uniformity  of 
i;ite,  the  principal  determinant  of 
gcation  structure  is  the  nature  and 
tiLent  status  of  the  substrate  and 
si^Lute  amount  of  precipitation.   The 
r;  major  soil  suites  of  southern 
sralia  are  the  base-rich,  nutrient-poor 
d::alcium-rich  soils,  and  their  relation- 
i;  to  vegetation  is  reviewed  by  Specht 
d  -loll  ( in  press)  . 

Temperate  sclerophyll  forests  grow  in 
dterranean  regions  of  the  south-west 

astern  Australia.   These  forests  are 
mnated  by  eucalypts,  the  wetter  tall 


open  forests  on  soils  derived  from  granite 
and  gneiss  by  karri  (E.  diversicolor ) ,  the 
drier  open  forests  on  soils  from  the 
ancient  laterites  by  jarrah  (E.  marginata) . 
Woodlands  are  also  usually  dominated  by 
eucalypts  such  as  the  black  box 
(E.  largif lorens)  of  south-western  NSW, 
but  may  also  be  composed  of  acacias  such 
as  mulga  (A.  aneura) . 

The  eucalypt  shrublands  or  mallee  is 
the  form  of  vegetation  most  closely 
associated  with  the  mediterranean  regions. 
These  multistemmed,  low  (usually  less  than 
10m)  eucalypts  grow  where  the  soil  is 
sandy  but  often  overlies  an  alkaline  clay 
subsoil  (Rossiter  and  Ozanne  1975) .   The 
understorey  can  vary  from  a  chenopod 
synusium  to  one  dominated  by  porcupine 
grass  (Triodia  irritans) . 

Much  comparative  work  has  been  done  on 
the  sclerophyllous  low  shrublands  or 
heaths  of  Australia  and  other  mediterranean 
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Figure    2-- 

The  vegetation  of  the 
mediterranean  regions 
of  Australia  from  a  map 
by  Moore  (1969) .   The 
limit  of  the  mediterr- 
anean-type climate  (Csa, 
Csb  and  BSk)  is  shown  as 
a  heavy  dashed  line. 
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Figure  3-- 
Sources  of  alienation  c  \ 
the  mediterranean  regie 
of  Australia.   The 
distribution  of  the  wh^ 
belts  and  sheep  grazind^ 
areas  are  shown  and  the 
limit  of  the  mediterrar  4 
-type  climate.   The 
location  of  major 
conservation  areas  is 
shown. 


regions  (e.g.  Specht  and  Moll  in  press). 
Extending  into  the  semiarid  regions,  this 
is  replaced  by  chenopod  shrublands  or 
shrub  steppe  of  Moore  (1969). 

The  arid  zone  extends  to  the  coast  at 
the  head  of  the  Great  Australian  Bight 
and  effectively  divides  the  mediterranean 
regions  into  western  and  eastern  provinces. 
These  are  recognised  as  separate  floristic 
zones  (Burbidge  1960),  the  south-western 
temperate  zone  being  the  richest floristic 
zone  on  the  continent. 

The  vegetation  of  Western  Australia 
has  recently  been  mapped  by  Beard  (see 
Beard  1979  for  a  review) .   Satellite 
imagery  was  used  to  map  the  environments 
(including  vegetation)  of  South  Australia 
(Laut  et  al  1977)  and  previously  the 
vegetation  was  described  by  Specht  (1971)  . 
The  mediterranean  region  of  Victoria  has 
received  the  sporadic  attention  of 
ecologists  and  botanists.   It  is  mapped  on 
Carnahan's  (1976)  map  of  the  natural 
vegetation  of  Australia.   The  vegetation 
of  western  New  South  Wales  was  mapped  by 
Beadle  (1948)  and  Fox  (1980)  is  currently 
mapping  it  at  a  larger  scale. 

LAND  USE  IN  MEDITERRANEAN  REGIONS  OF 
AUSTRALIA 

Degree  of  Alienation 

In  less  than  200  years  of  European 
settlement  the  entire  continent  has  been 
alienated  to  some  extent.   The  degree  of 
alienation  ranges  from  clearing  and 
subsequent  cultivation,  altered  nutrient 
levels,  altered  fire  regime,  to 
interaction  with  introduced  animals  and 
plants . 


Figure  3  summarizes  the  major  land 
uses  or  sources  of  alienation  within  tl  * 
mediterranean  regions.   Major  conserva- 
areas  are  also  shown;  these  are  usuall; 
national  parks, however  some  are 
aboriginal  reserves. 

The  mediterranean  regions  correspo 
with  the  wheat  belts  and  sheep  grazing 
areas  so  that  generally  the  level  of 
disturbance  is  high  (Adamson  and  Fox, 
press).   In  such  areas  the  alienation 
compounded  by  the  use  of  fertilizers, 
suppression  of  fire  and  an  abundance  oi' 
introduced  animals  and  plants. 

With  the  loss  of  habitat  many  nati- 
animals  have  become  locally  extinct, 
small  marsupial,  the  tammar  wallaby 
(Macropus  eugenii)  ,  which  was  once  "thi 
most  plentiful  and  widely-distributed 
wallaby  in  the  south-west"  (Thomas,  18 
but  "rapidly  disappearing  in  the  culti' 
districts"  (Shortridge  1909)  is  "now 
restricted  to  a  few  small  scattered  ma 
land  colonies,  and  a  number  of  islands 
(Poole  1978)  . 

The  effects  of  fertilizers  on  compi 
ition  and  growth  of  heathlands  in 
mediterranean  South  Australia  have  bee: 
demonstrated  by  Heddle  and  Specht  (197l 
Contamination  of  conservation  areas,  o 
islands  in  a  sea  of  alienated  land,  is 
major  management  problem.  There  is  tb 
dual  response  of  death  or  supression  o 
native  species  and  invasion  by  exotic 
species  adapted  to  the  higher  nutrient; 
levels . 

At  present  about  ten  percent  of  va  :iS 
lar  plants  in  Australia  are  exotics  ('ic^ 
1973)  .   The  highest  incidences  of  thes- 
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Figure  4-- 

Plant  species  at  risk  in 
the  mediterranean  regions 
of  Australia  (based  on 
figures  in  Hartley  and 
Leigh  1979) .   The  total 
number  of  species 
considered  at  risk  in  each 
state  is  shown,  as  is  the 
total  for  each  subdivision, 
and  the  number  considered 
to  be  endangered  and 
vulnerable . 
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Possibly  the  most  disastrous  animal 
eduction  to  Australia  was  that  of  the 
it  (Oryctolagus  cuniculusL. ) .   Rabbits 
ved  with  the  first  settlers  but  the 

release  which  established  them  as 
1  populations  was  in  1859.   They 
ad  rapidly  and  now  can  be  found  through- 
mainland  Australia  south  of  the  tropic 
apricorn.   The  populations  in  some 
terranean  habitats  have  the  highest 
city  for  increase,  with  almost 
■Qung  per  female  per  year,  compared  to 
■an  of  about  five  for  other  habitats 
■rs  1970) .   Biological  control  through 
myxoma  virus  dramatically  reduced 


populations  in  the  fifties.   Today  the 
main  control  measures  include  poisoning, 
fumigation,  warren-ripping,  shooting  and 
fencing.   However  in  over  a  century  of 
occupation  they  have  markedly  altered  the 
vegetation  of  vast  areas  by  both  grazing 
and  browsing  pressure  as  well  as 
selective  feeding. 

As  with  exotic  plant  species,  the 
introduced  animals  have  either  completely 
replaced  entire  endemic  communities,  such 
as  with  sheep  and  cattle,  or  have  entered 
an  otherwise  pristine  community,  such  as 
the  early  colonizing  rabbits  or  more 
recently,  feral  goats  (Capra  hircus) .   In 
the  second  instance  the  introduced  animal 
is  having  an  insidious  effect  on  the 
vegetation  without  manipulation  by  people. 

Changes  in  the  Vegetation 

With  the  widespread  clearance  of  land 
for  agriculture  there  have  been  losses  of 
associations  and  of  species.   It  is 
possible  that  there  were  species,  of  both 
plants  and  animals,  that  were  never  known 
to  science.   Some  areas  such  as  the 
coastal  sand  plain  near  Perth  are  virtually 
unrepresented  in  any  conservation  area. 

Recently  Hartley  and  Leigh  (1979) 
have  classified  over  two  thousand  plant 
species  in  various  risk  categories. 
Figure  4  shows  those  regional  subdivisions 
they  used  which  encompass  the  mediterr- 
anean regions.   The  total  number  of 
species  considered  at  risk  in  the  state  is 
shown,  as  is  the  total  for  each  sub- 
division, and  the  number  considered  to  be 
endangered  and  vulnerable.   The  four  sub- 
divisions corresponding  to  the  Western 
Australia  wheat  belt  have  the  highest 
incidence  of  species  at  risk  (a  distinct- 
ion shared  only  by  the  rainforest  of 
Cape  York) . 
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There  is  a  range  of  responses  of 
plant  species  to  the  altered  environments 
in  which  they  now  grow.   The  most  extreme 
of  these  is  extinction;   this  can  be  total 
and  there  are  some  species  believed  to  be 
extinct  (Hartley  and  Leigh  1979),  or  it 
can  be  local.   An  example  of  local 
extinction  is  of  the  highly  palatable  old 
man  saltbush  (Atriplex  nummularia) .   This 
once  widespread  chenopod  is  now  found  in 
very  restricted  areas.   Other  palatable 
plants  are  now  less  dense  and  restricted 
compared  to  their  former  distributions. 
By  contrast  unpalatable  species  may 
become  more  dominant.   These  often  woody 
shrubs  such  as  turpentine  bush 
(Eremophila  sturtii)  are  an  increasing 
problem  in  grazed  semiarid  regions  such 
as  western  New  South  Wales. 

There  may  also  be  delayed  responses 
still  working  through  ageing  populations. 
Recent  studies  have  demonstrated  that 
many  individuals  of  shrubs  and  small 
trees  of  the  mediterranean  and  semi-arid 
zones  may  be  older  than  European  settle- 
ment here.   Crisp  (1978)  has  found  that 
mulga  (Acacia  aneura)  and  other  acacias 
can  live  to  about  250  years  and  that 
bluebush  (Maireana  sedifolia)  individuals 
reach  similarly  impressive  ages.   However, 
recruitment  of  seedlings  is  very  rare  or 
episodic,  and  given  the  current  grazing 
pressure  it  is  possible  that  individuals 
of  these  dominant  shrubs  will  not  be 
replaced.   It  is  probable  that  this 
combination  of  very  old  and  senescing 
individuals  with  reproduction  suppressed 
by  grazing  pressure  is  a  common  feature 
of  especially  the  semiarid  zone.   The 
progressive  senescence  and  eventual  death 
of  living  shrubs  may  cause  slow  extinct- 
ion . 

In  discussing  these  changes  to  the 
vegetation  I  have  emphasized  the  role  of 
grazing.   Altered  fire  regimes  can  have 
similar  effects  with  some  species  being 
enhanced,  others  disadvantaged  by 
changed  intensity,  frequency  or  season  of 
burn . 


Regeneration  Studies 

Although  the  history  o 
short  there  are  some  outst 
of  regeneration  after  degr 
habitat.  One  of  the  most 
Koonamore  in  the  semiarid 
Australia  (Osborn,  Wood  an 
1935).  The  vegetation  res 
established  in  1925  and  pe 
were  studied  from  1926.  I 
permanent  photopoints  have 
on  the  regeneration  (after 
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Much  of  the  mallee  country  of  norl 
western  Victoria  has  been  cleared  and 
Onans  and  Parsons  (1980)  have  recently 
reported  on  the  regeneration  of  sites 
cleared  and  left  undisturbed  for  peric 
up  to  39  years.  When  an  adequate  seec 
source  is  lacking  they  found  areas  woi 
regenerate  to  a  shrubland  of  serai  speEj 
of  Acacia  and  Dodonaea. 


THE  FUTURE  OF  THE  VEGETATION  IN 
MEDITERRANEAN  REGIONS  OF  AUSTRALIA 
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Vast  areas  of  the  mediterranean 
regions  of  Australia  have  been  modifit 
since  the  arrival  of  European  settlem< 
Even  where  the  overt  forms  of  alienat 
such  as  clearing  are  absent,  there  ar 
covert  forms  in  the  introduced  animal 
with  their  destructive  grazing.   The 
grazing  pressure  from  feral  and  domesl'S'' 
animals  may  have  reduced  some  long-li\i 
shrub  and  tree  species  to  senescent 
populations  which  will  not  be  replacec 
unless  the  grazing  pressure  is  reducec 

There  are  some  large  conservation 
areas  within  the  mediterranean  regions 
and  attempts  are  being  made  to  minimis 
the  impact  of  exotic  grazers.   Howevei 
park  authorities  must  accept  the  respcs 
ibility  when  land  is  acquired  to  attent 
to  have  it  revert  to  its  pre-European 
condition.   As  well  as  removing  exotic 
weeds  and  pests,  this  means  removing 
sources  of  nutrients  and  maintaining 
"natural"  fire  regimes  (or  at  best  a 
mosaic  of  patches  of  different  ages  si 
last  fire) . 
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Prescribing  Fire  Frequencies  in  Cape  Fynbos  in 
Relation  to  Plant  Demography' 


F.  J.  Kruger 


Problems  in  the  ecology  and  management  of  South 
African  mediterranean-type  ecosystems  have  been 
outlined  in  several  recent  papers  (Bands  1977, 
Kruger  1977  and  these  proceedings,  Day  and  others 
1979):   fire  is  generally  acknowledged  as  a  useful 
tool  in  these  ecosystems.   In  this  paper  I  attempt 
to  set  out  a  framework  for  research  on  the  demo- 
graphy of  Mountain  Fynbos  plants,  so  that  a  de- 
ductive and  a  predictive  system  can  be  developed 
for  deciding  on  proper  burning  frequencies  for 
any  given  management  goal. 

Management  goals  for  Mountain  Fynbos  centre 
mainly  on  maintenance  of  certain  dynamic  equili- 
bria in  the  ecosystem,  for  sustained  yield  of 
clean  water,  and  so  on.   Designing  the  managed 
fire  regime  is  largely  dependent  on  our  under- 
standing of  how  a  change  in  regime  will  determine 
a  new  equilibrium  in  the  vegetation.   We  know,  for 
example,  that  a  change  in  fire  frequency,  from 
about  once  in  20  yr  to  about  once  in  6  yr,  can 
change  a  dense  tall  shrubland  to  a  low  vegetation 
dominated  by  herbaceous  plants,  eliminating  species 
with  slow  life  cycles  (Van  Wilgen  1981a,  b) .   On 
the  other  hand,  if  fire  is  kept  out  for  40  yr  or 
more,  shrub  populations  decline,  seedling  recruit- 
ment after  fire  is  reduced,  and  there  is  an  appa- 
rent trend  toward  a  sparse  shrubland  (Bond  1980, 
Van  Wilgen  1981a,  b) ;  under  favourable  conditions, 
long  intervals  between  fire  could  result  in  re- 
placement of  fynbos  by  evergreen  rain  forest. 

Of  the  elements  of  fire  regime  that  are  regula- 
ted by  management,  fire  frequency  has  the  greatest 
potential  for  making  immediate  and  marked  changes 
to  fynbos.   The  manager  must  invariably  reconcile 
conflicting  goals.   Fire  control,  for  example,  is 
best  achieved  through  frequent  burning,  which  re- 
duces the  average  biomass  in  the  area.   Nature 
conservation,  where  species  diversity  is  to  be 
maintained,  probably  requires  intermediate  fire 
frequencies.   It  is  not  sufficient  to  select  an 
arbitrary  frequency  that  will  safely  achieve  one  or 
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Abstract — Regulating  fire  frequency  in  Cape  fynbc 
areas  causes  marked  changes  in  vegetation.  Very 
frequent  fire  eliminates  seeding  shrubs  with  lonj 
youth  periods;  infrequent  fire  reduces  shrubs  be- 
cause of  senescence.  Variation  between  these  ex- 
tremes will  cause  more  subtle  compositional  chan 
Research  on  plant  fecundity  schedules  and 
on  the  dynamics  of  seed  pools  is  necessary  to 
understand  these. 


other  of  his  goals.  Therefore,  our  empirical  kii' 
ledge  of  the  effects  of  fire  regime  must  be  supp 
mented  through  the  study  of  plant  demography  and 
hence  the  dynamic  responses  of  vegetation  to  firi 

SPROUTING  vs  SEEDING  PLANTS 

In  fynbos  as  in  other  mediterranean-type  vegg 
tion,fire  regime  strongly  influences  the  relativ 
abundance  of  plants  that  regenerate  by  sprouting 
and  those  that  rely  on  seed.  Very  frequent  fire 
favours  sprouting  plants.  Survival  of  fire  seem 
to  be  high.   First,  mortality  in  Watsonia  pyrami 


data,  a  geophyte,  is  zero  or  nearly  so  (Kruger  a 
Bigalke  in  press) .  For  Protea  nitida,  Haynes 
(1976)  reported  mortalities  of  1  to  13  per  cent 
different  fires.  Second,  fires  stimulate  vegetc 
reproduction  among  herbaceous  species  (Kruger  ar 
Bigalke  in  press)  and,  possibly,  sexual  reproduc 
tion  among  shrubs  such  as  Protea  nitida  (Haynes 
1976) .  Although  long  absence  of  fire  causes  a  c 
ciine  in  herbaceous  sprouters,  most  sprouters, 
woody  or  herbaceous,  appear  to  be  very  long-lLV< 
so  that  infrequent  fires  may  also  favour  sprout* 
over  seeders  (Bond  1980,  Van  Wilgen  1981a,  b,  I 
Kruger  and  Bigalke  in  press) .  Plants  of  species 
such  as  Watsonia  pyramidata  and  Protea  nitida  si 
to  be  very  long-lived  and  populations  are  there! 
fore  well  able  to  persist  despite  long  interval^ 
of  low  recruitment.  It  is  only  at  very  high  an{ 
very  low  fire  frequencies  that  sprouters  are  maf 
kedly  favoured  over  seeding  shrubs  in  fynbos.  ; 
Otherwise,  sprouters  rarely  form  dense  stands,  |ii 
most  usually  are  subordinate  to  seeders.  This 
unusual  in  mediterranean-climate  ecosystems  (Kr 
in  press)  and  it  would  be  intriguing  to  find  th 
reasons.  For  management,  however,  the  present 
need  is  for  data  that  describe  the  dynamics  of 
sprouter  populations. 


DEMOGRAPHY  OF  SEEDING  SHRUBS 


Regeneration 


A  review  shows  that  seeding  shrub  populatiOT 
in  mediterranean-type  ecosystems  are  mostly  ev£| 
aged  and  that  effective  population  recruitment 
from  seed  is  generally  confined  to  the  period 
immediately  post-fire,  and  further  that  this  i.j 
from  propagule  stocks  of  three  kinds  (a)  soil  S 
banks  (b)  canopy-stored  seed  and  (c)  continual 
replenished  stocks  (Kruger  in  press) .   In  the 
case,  populations  can  survive  long  intervals  bi 
tween  fires  in  the  dormant  state  after  death  o 
adult  plants,  though  the  relative  decay  rates 
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:?  seed-banks  must  partly  determine  the  composition 
•  the  regenerating  flora,   depending  on  the  length 

■  the  fire-free  interval.   Circumstantial  evidence 
u  ,er  1977)  indicates  considerable  longevity 

i  nv;  such  seed  in  fynbos,  and  the  habit  would 
:  re  fore  be  adaptive  in  a  fire  regime  marked  by 
r  lability  in  the  fire  recurrence  interval.  It 
:■   apparently  present  in  many  fynbos  species,  in- 
:iding  Proteaceae,  Aspalathus ,  and  many  other 
L  ge  taxa. 

Effective  reproduction  by  canopy-stored  seed  or 
:  tinually  replenished  stocks,  where  dormancy  is 
1  riarked  and  seed  life  after  dispersal  is  short, 
i  ends  on  an  extant  parent  population  and  hence 
L  ineffective  where  intervals  between  fire  exceed 
)  nt  life-spans;  Bond  (1980)  has  produced  data 

■  support  this.   Fynbos  is  often  dominated  by 

5  ub  species  that  store  seed  in  closed  capitula 
3  the  plant,  until  the  parent  dies,  usually  after 
fe.   Seed  released  in  unburnt  vegetation  is  sub- 
ji  t  to  very  heavy  predation  (Bond  1980);  seed  in 
tlse  species  is  relatively  large,  and  contains 
ii:h  concentrations  of  proteins  (Van  Staden  1978); 
tl  s  storage  in  capitula  is  apparently  adaptive  in 
a  jw-nutrient  environment,  in  that  seed  tend  to 
btprotected  against  predators  and  efficient 
ctroduction  ensured  because  seed  tend  to  be  re- 
hsed  by  a  reliable  cue  into  the  post-fire  environ- 
let  where  predation  pressure  is  low  and  germina- 
t:  1  conditions  favourable.   The  effectiveness  of 
tcjpy-stored  seed  is  in  some  dispute.   Seed  ripens 
i:  seven  or  more  months  after  flowering,  and  both 
iaan  (1949,  1965)  and  Van  Staden  (1978)  have 
Lmed  or  suggested  that  seed  in  capitula  are 
:t-lived  and  that  there  are  insufficient  viable 
lEi  to  ensure  regeneration  if  parents  are  killed 
Lng  the  time  of  seed  ripening  (winter  and  spring) . 

does  not  accord  with  results  reported  by  Lom- 
:d  (1971),  nor  with  observations  in  Williams 
'2)  and  Rourke  (1980).   Assuming  that  canopy- 
red  seed  is  effective  in  ensuring  regeneration, 
habit  is  adaptive  in  a  predictable  fire  regime, 
e  recurrence  intervals  are  longer  than  the 
:h  period  but  do  not  exceed  the  reproductive 
-span  of  parent  plants . 


lartin  (1966)  has  implied  that  certain  important 
•OS  taxa,  including  Ericaceae,  are  dependent 
he  annual  seed  rain  for  reproduction.   He  main- 
ed  further  that,  in  his  study  area,  no  seed 
e  was  available  on  site  for  post-fire  regene- 
on.   This  habit  will  not  be  adaptive  in  the 
environment  of  the  fynbos,   especially  where 
species  are  local,  unless  species  have  highly 
ersibie  seed.   In  view  of  the  generally 
capacity  for  long-range  dispersal  reported 
far  among  plants  in  general  (Cook  1980),  ex- 
among  bird-dispersed  seed,  of  which  there  are 
in  fynbos  (personal  observation) ,  it  seems 
ssary  first  to  establish  the  importance  of 

trait  among  fynbos  species  before  management- 
ted  research  is  launched.   For  a  start,  care- 
study  is  necessary  of  the  floras  of  the  soil 
-bank  to  determine  which  species  are  in  fact 
represented  in  the  seed-bank. 


Primary  youth  periods  and  fecundity  schedules 

In  the  even-aged  shrub  populations  of  the  fyn- 
bos the  reproductive  potential  of  a  species  in  a 
stand  of  uniform  fire  history  depends  on  its  age. 
Hence,  fire  frequencies  prescribed  for  conserva- 
tion of  fynbos  are  based  in  the  first  instance  on 
some  estimate  of  the  minimum  age  at  which  repro- 
ductive potential  suffices  to  replace  the  parent 
population;  latterly,  the  question  of  the  period 
of  peak  fecundity  has  become  important  (e.g.  Bond 
1980). 

The  first  question  of  importance  relates  to  the 
youth  period,  i.e.  time  between  establishment  and 
age  at  the  beginning  of  the  fecundity  period.   In 
fynbos  there  is  interspecific  variability  in  this 
respect,  but  relatively  little  (Kruger  and  Bigalke 
in  press).   Thus,   from  records  for  nursery  plants 
of  42  fynbos  Protea  species  quoted  by  Rourke 
(1980)  we  find  the  following: 

Youth  period,  yr    No.  of  species 


2-4 
5-7 
>  7 


22 
16 

4 


These  nursery  records  are  not  grossly  unrepresen- 
tative of  field  performance,  as  indicated  by 
Kruger  and  Bigalke  (in  press) . 

Species  with  differing  youth  periods  sometimes 
occur  in  disparate  habitats.   Thus,  Protea  rupicola, 
one  of  those  exceptionally  slow  to  mature,  inhabits 
cliff  faces  near  mountain  crests,  where 
fires  are  infrequent  and  short  primary  youth  periods 
are  not  necessarily  adaptive.   In  management  it 
is  important  to  know  the  distribution  of  such 
species  and  the  behaviour  of  fire  in  such  habitats; 
the  compartment  management  system  followed  in  fyn- 
bos does  not  allow  fine-grained  burns  and  relies 
presently  on  the  assumption  that  if  a  compartment 
contains  patches  of  such  habitat  then  prescribed 
burns  will  not  traverse  these  patches  at  excessive 
frequencies,   despite  their  spreading  elsewhere 
within  the  compartment. 

The  present  working  hypothesis  in  prescribing 
fire  frequencies  is  that  sympatric  species  tend 
to  have  similar  youth  periods,  and  that  these  are 
relatively  short,  i.e.  3-8  yr  (Kruger  1979  and  un- 
published) .   Prescribed  burns  at  intervals  that 
approach  these  will  begin  to  eliminate  species 
locally  (Van  Wilgen  1981a).   Where  precocious 
species  occur  with  others  that  are  markedly  slow 
to  mature  (for  example,  Protea  repens  with 
P.  laurifolia)  the  latter  tend  to  be  species  where 
some  individuals  survive  fire,  even  though  they 
do  not  sprout  (Kruger  1977). 

An  estimate  of  the  youth  period  is  not  suffic- 
ient to  define  the  minimum  interval  between  fires. 
First,  the  population  is  seldom  uniform  with  re- 
gard to  youth  period  and  second,  more  than  one  year 
of  flowering  would  be  required  to  ensure  population 
replacement.   Field  data  for  the  reproductive 
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performance  for  Protea  stokoei  are  as  follows 
(Kruger  and  Lamb,  unpublished) : 


No.  of  times  an 
individual  has 
flowered 


Per  cent  of 
sample  5  yr 
post-fire 


yr  post-fire 


0 

85.5 

47.9 

1 

13.3 

31.9 

2 

0.8 

17.7 

3 

0 

2.5 

A  rule  of  thumb  sometimes  applied  is  that  in 
any  compartment  the  species  that  is  slowest  to 
mature  should  have  developed  to  the  point  where 
at  least  half  the  individuals  have  flowered 
three  or  more  times,  before  the  area  is  burnt 
once  more.   One  may  simplify  and  assume  that 
individuals  mature  at  an   exponential  rate  after 
the  age  at  which  the  first  matures,  and  that  once 
having  flowered,   each  individual  flowers  every 
year  after.   For  Protea  stokoei  the  following 
function  applies  approximately: 

In  y  =  4.6  -  t/6, 

where  y  is  the  percentage  of  the  population  in  the 
juvenile  stage,  and  t  the  number  of  years  since 
the  first  individual  has  matured  -  which  occurs 
at  4  yr,  since  one  year  is  required  after 
flowering  for  seed  to  mature.   From  this  one  may 
calculate  that  a  species  such  as  Protea  stokei 
requires  about   11   years  after  fire  to  reach  the 
arbitrary  "safe"  reproductive  condition. 

There  is  variation  within  the  species  in  the 
age  at  which  individuals  mature  and  this  appears 
to  correlate  with  habitat  factors   (see  Protea 
lacticolor  in  Kruger  1979).   Thus  populations 
may  expand  or  contract  their  ranges,  depending 
on  the  frequency  of  fire. 

This  kind  of  approximation  is  a  necessary 
but  temporary  expedient  and  must  be  superseded 
by  rules  based  on  knowledge  of  the  fecundity 
schedules  of  plants.   Data  to  construct  fecundity 
curves  for  fynbos  species  are  urgently  necessary. 
Of  particular  importance  are  data  to  show  the 
ages  at  which  peak  fecundity  is  reached,  especially 
in  relation  to  senescence. 

Plant  longevity  and  senescence 

Senescence  is  used  here  in  Leopold ' s (1961) sense , 
for  the  tendency  for  mortality  in  a  population  to 
occur  toward  the  end  of  the  maximum  life-span  of 
the  species.   Elsewhere  (Kruger  in  press)  I  have 
quoted  information  that  indicates  pronounced 
senescence  among  fynbos  shrubs,  and  Bond  (1980) 
and  Van  Wilgen  (1981a,  1981b)  provide  supporting 
field  data  and  observations.   Our  experience 
presently  suggests  the  following  features  common 
to  seeding  fynbos  shrubs  in  the  majority  of 
habitats:   relatively  low  seedling  to  adult  ratios 
in  post-fire  regeneration  (Bond  quotes  ratios 
from  12:1  to  18:1  for  a  burn  in  a  favourable 
season);  low  density-dependent  mortality,  irre- 


spective of  absolute  densities,  in  young  and 
middle-aged  plants;  density-independent  mortalit; 
is  usually  also  low  after  establishment,  barring 
extreme  drought  or  other  catastrophe;  most  speciij 
therefore  exhibit  senescence,  and  the  age  of  sem 
cence  appears  to  be  species-specific,  little 
affected  by  environment;  among  dominant  Protea- 
ceae  it  appears  to  vary  between  30  and  about  50 
years,  according  to  species.   This  relatively 
short  life  is  associated  with  species  whose  life 
cycles  are  strongly  dependent  on  the  fire  cycle, 
including  those  that  have  canopy-stored  seed. 
Among  species  such  as  Leucadendron  argenteum, 
Leucospermum  conocarpodendron  and  Protea  laurifo 
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where  individuals  tend  to  survive  fire  and  popu- 
lations are  not  even-aged,  greater  ages  are  at 
tained  and  population  dynamics  are  fundamentally 
different. 


Declining  density  as  well  as  declining  repro 
ductive  output  per  individual  with  onset  of  sene 
cence  severely  reduces  effective  reproductive 
potential  of  the  local  population  (e.g.  Bond  19£ 
Therefore,  species  that  do  not  accumulate  seed- 
banks  in  the  soil  are  liable  to  local  extinctior 
when  fire  recurrence  intervals  approach  30-40  yi 

Conclusion 

The  rather  tentative  evidence  now  available 
dicates  that  an  important  proportion  of  the  fyn' 
flora  is  adapted  to  fire  frequencies  ranging  be 
tween  about  once  in  10  to  once  in  40  yr.   How 
does  variation  within  this  range  affect  the  rel 
tive  abundance  of  species? 

The  variety  of  plant  forms  with  different  li 
history  characteristics  that  may  be  encountered 
in  any  given  stand  suggests  that  marked  composi 
tional  changes  are  likely,  but  much  more  experi 
mental  and  demographic  data  are  required  before 
this  question  can  be  addressed. 

MODELLING  REQUIREMENTS 
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Both  the  research  scientist  and  the  manager 
need  to  synthesize  information  on  relevant  aspe 
of  vegetation  dynamics  in  order  to  explore  the 
implications  of  varying  fire  frequency;  for  thi 
demographically  based  models  will  be  necessary 
The  first  requirement  is  for  heuristic  models 
that  accommodate  the  life-cycles  typical  of  fyr 
plants.  To  overcome  the  problem  of  diversity  i 
fynbos  "archetypal"  species  will  necessarily  b 
used  in  the  models.  The  practitioner  would  th^ 
need  to  know  the  composition  in  terms  of  these 
archetypes  of  the  stand  whose  dynamics  he  wishi 
to  model. 


sent 


Noble  and  Slatyer  (1977,  1980)  outline  an 
approach  to  modelling  plant  succession  that  is  jx' 
plicitly  intended  to  accommodate  the  problems  (S 
cussed  here.   They  have  reduced  the  particular.'^ 
of  succession  to  a  finite  and  tractable  list  o 
phenomena  that  essentially  define  the  process. 
Nevertheless,  their  approach  is  based  on  the  aJ 


(5 

I 


120 


il 


»tion  that  species  populations  change  from  one 
;rete  and  uniform  stage  to  the  next;  from  juve- 

to  mature,  for  example.   The  models  do  not 
\m   for  dynamics  of  populations  in  each  stage, 
example,  for  fecundity  schedules  in  the  mature 
;e.   As  shown, fynbos-f ire  models  must  incor- 
ite  these  dynamics,  especially  where  one  con- 
:rs  fire  recurrence  intervals  that  approach 
thresholds  between  life-history  stages. 
,r  approach  is  therefore  not  sufficient  for 
ysis  of  likely  compositional  changes  in  fynbos 
ough  it  provides  the  essential  framework, 
s  clear  that  modelling  of  stand  dynamics 
r  the  manner  of  Botkin  and  others  (1972)  and 
art  and  Noble  (in  press)  will  be  necessary. 

LUSION 


his  paper  has  focused   on  the  effects  of  fire 
uency  on  fynbos  vegetation  structure  and 
mics.   We  know  that  fire  season,  and  probably 

intensity,  will  also  have  important  effects 
these  must  also  be  accommodated  in  a  synthesis 
management.   There  is  also  growing  evidence 
a  key  role  of  animals,   especially  seed  and 
ling  predators.   Research  by  various  groups 
he  demography  of  selected  shrub  and  herbaceous 
ies  and  on  evidently  important  plant-animal 
Tactions  is  currently  under  way.   Nevertheless, 
first  need  is  for  simulating  and  predicting 

frequency  effects.   Successful  simulation 
egetation  dynamics  will  also  allow  progress 
imulating  fire  frequency  effects  on  hydrological 
nutrient  cycles. 
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'ant  Demography  and  Chaparral  Management 
Southern  California' 


ul  H.  Zedler 


I  From  the  population  point  of  view  ecosystem 
[havior  is  the  result  of  change  in  populations 
at  is  describable  in  terms  of  establishment, 
owth,  and  death.   One  example  of  the  rigorous 
plication  of  these  ideas  is  the  review  of  S. 
vin  (1976)  which  is  sufficiently  general  to 
rve  as  a  model  for  this  discussion. 

A  landscape  may  be  viewed  as  a  mosaic  of 
tches.   The  state  of  the  ecosystem  can  be 
fined  by  the  abundance  of  species  measured  in 
me  appropriate  way.   Within  each  patch  the 
,ecies  populations  change  as  the  result  of 
irtality  and  establishment.   Through  time, 
.ecies  populations  are  disappearing  in  some 
;tches  and  dispersing  to  and  becoming  established 
others  where  they  are  absent;   the  general  case 
I  "island  biogeography". 

This  simplification  focuses  attention  on  the 
ocesses  which  cause  local  extinction 
isappearance  from  a  patch)  and  which  control 
cal  invasion  (dispersal  from  outside  the  patch.) 
itinction  can  result  from  biotically  induced 
'anges  (competition,  interference,  parasitism, 
id  predation);   and  from  environmental  extremes, 
eluding  human  disturbance. 

Invasion  into  unoccupied  patches  by  definition 
ipends  on  dispersal  ability,  and  the  number  of 
IDpagules  of  a  particular  species  that  will 
•rive  in  a  patch  during  a  period  of  time  cannot 
1  predicted  unless  the  spatial  distribution  of 
'e  species  is  known.   Predicting  long-term  change 
'<   the  landscape  level  requires  consideration  of 
■ecies  distributions. 

The  disappearance  of  a  species  from  a  patch 
'::urs  when  the  local  population  is  overwhelmed  by 
btic  pressures  or  by  environmental  extremes.   By 
using  mortality,  competition  generally  acts  to 
(Stabilize  ecosystems.   Predation  and  parasitism 
n  be  stabilizing  forces,  but  interaction  with 
"iable  factors  of  the  physical  environment  means 
'at  often  they  are  not.   The  expected  situation 
•  that  species  populations  observed  at  any 
Ifticular  time  will  be  undergoing  change.   True 
"Jilibrium  or  steady  state  probably  does  not 
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Abstract:   Vegetation  consists  of  interacting 
populations,  with  gap-formation  and  invasion 
having  important  short  and  long  term  consequences. 
Plant  species  differ  in  their  requirements  for 
establishment,  and  this  must  be  considered  in 
predicting  their  response  to  management. 


exist  in  real  ecosystems,  and  quasi-equilibrium 
(i.e. climax)  can  only  be  expected  at  large  spatial 
scales  which  average  the  effect  of  local  changes. 
The  traditional  emphasis  on  a  hypothetical  climax 
endpoint  is  now  thoroughly  discredited  (White 
1979). 

Species  differ  markedly  with  respect  to  their 
liability  to  local  extinction  and  capacity  for 
invasion.   Within  a  very  large  area,  say  10,000 
hectares,  dominant  species  will  have  effectively  a 
zero  probability  of  extinction  over  a  short  period 
of  time.   The  capacity  to  persist  may  be  achieved 
by  a  short  life  span  but  high  dispersal,  or  by 
living  longer  but  perhaps  sacrificing  seed 
production  or  dispersal.   Because  of  these  kinds 
of  life  history  differences,  the  rate  of  change  of 
different  species  given  a  change  in  ecological 
circumstances  can  be  different  by  orders  of 
magnitude. 


GAP  REGENERATION 

Despite  the  fact  that  ecosystems,  especially 
those  of  arid  regions,  are  expected  to  be 
continually  reeling  from  the  latest  environmental 
extreme,  it  does  not  follow  that  there  is  an 
abundant  supply  of  unoccupied  space. 
Environments  change,  but  not  in  a  completely 
random  way.   At  least  before  the  unprecedented 
increase  of  the  human  population,  ecosystems  were 
formed  of  accumulations  of  species  able  to  cope 
with  the  more-or-less  recurrent  patterns  of 
environmental  change  superimposed  on  generally 
slowing  changing  averages.   Assemblages  of  species 
in  natural  communities  are  able  to  survive  and 
rebound  from  recurrent  extremes,  and  large 
reservoirs  of  exploitable  resources  do  not  lie 
untapped  for  long.   It  seems  reasonable  to  assume 
that  if  such  instances  of  resource  excess 
occurred,  evolution  would  lead  to  the  formation  of 
genotypes  capable  of  exploiting  them.   As  a 
result,  ecosystems,  even  as  they  are  changing, 
tend  to  be  close  to  fully  occupied,  with 
competitive  interactions  important,  and  conditions 
very  unfavorable  for  the  survival  of  immature 
individuals. 

A  consequence  of  the  full  occupancy  of  habitats 
is  that  a  major  factor  limiting  most  plant 
populations  is  a  suitable  place  in  which  to 
establish  new  individuals.   Propagules  of  many, 
perhaps  most  species  of  plant  require  some  kind  of 
"gap"  in  which  to  become  successfully  established. 
Very  few  plants  are  capable  of  dispersing  to  a 
fully  occupied  habitat  and  maturing  without 
relief,  at  some  stage,  from  the  competition  of 
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surrounding  established  individuals.   Grime  (1979) 
has  elucidated  some  of  the  reasons  for  this 
pattern. 

Because  situations  in  which  excess  resources 
become  available  can  be  dramatically  different, 
plant  species  have  tended  to  specialize  for 
establishment  in  particular  circumstances.   Grubb 
(1977)  has  discussed  the  importance  of  what  he 
terms  the  "regeneration  niche"  of  species,  arguing 
that  plant  species  diversity  can  only  be 
understood  by  considering  the  critical  importance 
of  the  establishment  phase  of  plant  life 
histories. 

One  measure  of  "regeneration  niche"  is  the 
abundance  of  resource  that  must  be  available  in 
order  for  a  species  to  become  established.   A 
simple  measure  of  the  resource  available  at  a 
particular  point  is  whether  or  not  another  plant 
already  occupies  the  space,  and  if  it  does  not, 
how  much  unoccupied  space  lies  around  the  point; 
that  is,  is  a  gap  present,  and  what  is  its  size. 
The  concept  of  gap-dependent  regeneration  traces 
at  least  to  A.S.  Watt's  classic  19^*7  paper,  but 
it  has  recently  been  successfully  applied  to 
tropical  rainforest,  and  it  is  clear  that  the 
concept  can  be  generalized  to  provide  useful 
insights  into  ecosystem  change  anywhere  (Denslow 
1980). 

Plant  species  can  be  characterized  by  the 
properties  of  the  gaps  into  which  they  are  capable 
of  invading.   Some  species  appear  to  require  large 
gaps  in  which  the  effect  of  competition  is 
minimal,  while  others  are  capable  of  establishment 
in  small  gaps  in  which  only  limited  growth  is 
possible  before  competition  with  established 
individuals  becomes  significant.   But  capacity  to 
invade  depends  not  only  on  physiologically  based 
stress-tolerance  and  competitive  ability  (Grime 
1979),  but  also  on  dispersal  characteristics  which 
determine  the  ability  of  a  species  to  find  all  of 
the  available  habitat. 


GAP  REGENERATION  IN  THE  CHAPARRAL 

The  prevalence  of  fire  in  the  chaparral 
obscures  the  fact  that  as  in  other  vegetation 
types,  chaparral  species  tend  to  be  limited  by  the 
lack  of  suitable  situations  in  which  to  become 
established.   This  has  lead  to  this  hypothesis  of 
vegetation  change  in  the  chaparral:   For  most  of 
the  interval  between  fires  establishment  of  new 
individuals  is  unimportant  because  of  competition 
and  the  accumulation  of  metabolic  poisons  in  the 
soil.   Exploitable  gaps  occur  only  when  fire  kills 
existing  plants  or  portions  of  plants  and 
stimulates  germination.   Dispersal  is  of  limited 
importance.   This  hypothesis  appears  to  have  ample 
confirmation  from  the  numerous  studies  that  show 
that  mortality  of  established  shrubs  results 
mainly  from  fire  and  that  seedlings  are  common 
only  after  fire. 


This  model  undoubtedly  is  correct  for  some 
species,  such  as  the  obligate  seeders,  but  there 
is  considerable  variation  among  species  with 
regard  to  features  that  determine  ability  to 
exploit  gaps — dispersal,  dormancy  of  propagules, 
dormancy  breaking  requirements,  and  seedling 
physiology.   An  alternative  hypothesis  is:   What 
constitutes  an  exploitable  gap  differs  among 
species.   The  recurrent  nature  of  fire  has 
resulted  in  many  species  developing  an  apparent 
dependence  on  fire  for  the  creation  of  suitable 
gaps,  but  others  may  exploit  gaps  which  arise 
without  fire  from  the  death  of  individuals  from 
stress,  predation,  competition,  or  some 
combination  of  these.   Dispersal,  observed  over 
lengths  of  time  equivalent  to  the  particular 
species  generation  time,  will  be  significant. 
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EVIDENCE  FOR  THE  GENERALIZED  GAP  HYPOTHESIS 
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It  is  well  known  that  many  species  of  the 
California  shrublands  do  not  require  fire  to 
establish  seedlings.   Less  widely  commented  on 
those  species  that  do  not  seem  to  utilize  the 
ideal  conditions  after  fires  to  establish  new 
idividuals,  such  as  Heteromeles  arbutifolia.  am 
Xvlococcus  bicolor  in  San  Diego  County  (Zedler 
1977,  1981).   These  species  do  not  require 
fire-created  gaps  for  establishment,  and  theref<Uiii, 
projections  of  future  stand  compostion  based  on 
knowledge  of  fire  frequency  without  information 'n 
size,  frequency,  and  distribution  of  gaps  arisiv; 
from  other  causes  could  lead  to  highly  inaccura 
predictions. 

Heteromeles  arbutifolia  produces  berries 
containing  relatively  small  seeds  which  are  bir 
dispersed.   In  studies  conducted  in   chaparral  ni 
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San  Diego  County,  seedlings  have  not  been  obser 
in  the  first  year  after  fire,  but  have  been  not 
in  both  burned  and  unburned  chaparral  in  a  very 
wet  year  (Zedler  1980).  iU      arbutifolia  is  a 
vigorous  sprouter  which  appears  to  suffer  littl 
mortality  from  fire.   If  the  observed  pattern  o 
seedling  establishment  is  typical,  population 
change  in  this  species  is  little  affected  by  fi;. 
The  occurrence  of  gaps  suitable  for  the  survivs 
of  the  seedlings  to  a  stage  where  they  can 
resprout  after  fire  could  be  critical.   Such  g£3 
may  occur  independently  of  fire.   It  is  possibl 
that  historically  ti.      arbutifolia  populations 
depended  upon  the  senescence  of  shorter  lived 
species  for  the  creation  of  gaps  suitable  for 
establishment. 

Heteromeles  arbutifolia  illustrates  a  generc, 
complication  which  arises  in  ecosystems  of  arid  , 
regions.   During  runs  of  dry  years  death  or    i 
decline  of  individuals  can  produce  gaps,  but  tpe, 
gaps  may  not  be  exploitable  because  of        | 
insufficient  moisture  for  germination  and  earlj 
survival,  even  though  the  supply  is  sufficient  or 
the  growth  of  established  individuals.   When  a  et 
year  or  period  occurs,  the  accumulation  of    , 
unoccupied  space  may  be  available  for  colonizajon 
by  species  which  have  dispersed  seeds  into  the 
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aps.   What  constitutes  a  "gap"  varies  from  year 
5  year,  even  when  the  biotic  occupancy  does  not. 


[RE  FREQUENCY  AND  GAP  FORMATION 

In  the  chaparral  fire, frequency  clearly  is  a 
ajor  determinant  of  the  kinds  of  gaps  that  will 
;cur .   As  the  interval  between  fires  increases, 
aps  formed  by  the  death  of  individuals  from  other 
auses  become  more  prevalent.   In  the  limit,  as  in 
yme   ecosystems  of  moist  regions,  the 
stablishment  of  species  would  become  dependent  on 
Lspersal  to  relatively  small  gaps  which  appear 
*om  a  variety  of  causes,  and  which  therefore 
spear  asynchronously. 

The  obvious  accomodations  of  species  to  fire  is 
lear  evidence  that  chaparral  in  southern 
alifornia  burned  frequently.   However,  the 
"equency  of  fire  in  the  past  is  a  matter  of 
•bate,  and  it  is  appearing  increasingly  likely 
lat  at  least  some  portions  of  the  southern 
alifornia  chaparral  had  fire  frequencies  much 
')wer  that  has  been  previously  thought  (J. 
jeley,  this  symposium). 

If  it  is  true  that  many  areas  in  the  chaparral 
jmained  unburned  for  50  years  or  more,  it  may  be 
lat  gaps  created  by  the  death  of  senescent 
'idividuals  were  a  major  feature  of  the  landscape. 
lis  would  explain  the  seemingly  anomalous 
ihavior  of  species  such  as  H_.   arbutifolia. 
•  Lso,  with  increasing  interval  between  fires,  the 
='/erage  size  of  dominant  individuals  would 
icrease,  so  that  the  longer  the  interval  between 
.res,  the  larger  will  be  the  average  size  of  gaps 
■eated  by  the  death  of  individuals.   Increasing 
.re  frequency  would  have  the  effect  of  decreasing 
le  frequency  of  gaps  formed  by  species 
' 'jnescence ,  and  decreasing  their  average  size. 
i'-  le  diversity  of  gap  types  would  therefore  be 
!  iduced ,  and  composition  would  gradually  shift 

)ward  those  species  that  are  best  adapted  to 
;!  tploit  fire-  created  gaps. 

The  exploitation  of  fire-created  gaps  requires 
fi -Ither  an  ability  to  build  up  a  seed  reserve 
'' -;tween  fires  or  dispersal  from  outside  the  area 

jrned.   Most  species  which  are  important  fire-gap 
« -tploiters  are  of  the  first  type,  and  dispersal 
■•  lays  only  a  limited  role  in  post-fire  recovery 
lanes  1971).   But  as  fire  frequency  increases, 
)ecies  which  depend  on  a  local  seed  source  run 
16  risk  of  being  burned  before  they  have 
;cumulated  enough  seed  to  regenerate.   This  has 
ien  documented  for  obligate-seeding  species  (e.g. 
■  !dler  1977),  but  the  same  effect  at  a  less 
■astic  level  might  be  expected  for  sprouting 
Jecies.   If  a  fire  occurred  after  post-fire 
:  irmination  of  seed  reserves,  but  before  the  age 
first  reproduction  of  resprouts  and  seedlings, 
'■    drop  in  population  abundance  would  result. 
it  .re-gap  exploiters  with  limited  dispersal,  even 
i 'lose  that  resprout,  could  suffer  from  very  short 

itervals  between  fires.   In  such  cases  either  the 
!i  I  te  would  remain  open  until  the  next  fire,  or  it 


would  be  gradually  filled  by  species  which  produce 
seeds  which  germinate  without  fire.   Dispersal 
from  outside  the  area  is  certain  to  be  more 
important  in  instances  where  local  seed  banks  are 
depleted . 


FIRE-CREATED  GAPS:   AN  EXTREME  CASE 

An  opportunity  to  observe  the  effect  of  a  short 
fire-free  interval  in  mixed  chaparral  and  coastal 
sage  scrub  was  provided  by  a  combination  of 
circumstances  on  Otay  Mountain  in  southwest  San 
Diego  County,  California.   In  August  of  1979  a 
wildfire  burned  a  large  area  of  shrubland,  the 
greater  part  of  which  had  not  been  burned  since 
19'^3.   A  portion  of  this  burn  was  aerially  seeded 
with  annual  ryegrass  (Lolium  multiflorum)  as  an 
erosion  control  measure.   Rainfall  was  above 
normal  in  the  1979-80  growing  season,  and  the 
ryegrass  cover  was  dense  over  most  of  the  seeded 
area.   In  the  summer  of  1980,  an  arsonist  set  fire 
to  the  grass,  reburning  a  several-hundred-acre 
area  within  the  1979  burn.   Although  the  fire 
burned  in  a  somewhat  irregular  pattern,  within  the 
burned  patches  nearly  all  above-ground  biomass  was 
either  consumed  or  badly  charred.   A  study  was 
designed  to  determine  the  effect  of  the  grass  fire 
on  the  regenerating  shrubs.   Five  study  sites  were 
selected  in  which  paired  plots,  one  burned  only  in 
1979  the  other  also  burned  in  1980  were 
established.   Data  were  obtained  on  the  frequency, 
density,  and  condition  of  shrubs  and  herbs  in  both 
areas,  preliminary  summaries  of  which  are 
presented  here.   For  simplicity,  data  from  the 
twice-burned  plots  (1979  and  1980)  are  used  with 
seedling  densities  for  1979-80  estimated  from 
paired  plot  burned  only  in  1979  to  produce  a 
single  merged  set  of  data  to  show  the  population 
effects  of  the  fire. 

The  changes  in  shrub  densities  and  frequencies 
are  the  data  most  relevant  to  the  the  present 
discussion.   Density  (number  of  individuals  per 
square  meter)  was  measured  for  all  species  for 
which  genus  could  reasonably  be  determined. 
Frequency  was  measured  for  all  species. 

The  mortality  of  mature  shrubs  caused  by  the 
1979  fire,  which  could  be  estimated  by  examination 
of  the  burned  remains,  followed  patterns  commonly 
observed  (Table  1.)  Ceanothus  oliganthus.  an 
obligate  seeder,  suffered  complete  mortality,  as 
did  Artemisia  californica.  a  species  which  is 
sometimes  capable  of  resprouting.   Adenostoma 
fasciculatum  suffered  a  little  less  than  50% 
mortality.   Xylococcus  bicolor  is  the  most 
important  species  for  which  individuals  could  not 
be  satisfactorily  determined,  and  the  change  in 
frequency  in  1/4  square  meter  plots  is  used  as 
measure  of  fire  effect.   The  species  was 
considered  present  if  at  least  one  stem  arose 
within  the  quadrat.   The  data  (Table  2)  show  that 
in  stand  F,  Xylococcus  reappeared  in  1980  in  all 
quadrats  in  which  it  was  present  in  1979,  showing 
that  there  was  little  if  any  mortality  in  this 
vigorous  resprouter. 
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Table  1.   Changes  in  density  of  selected  species  of  shrubs 
after  fire. 


Adenostoma  fasciculatum 


mature  (or  sprouts) 
seedlings 

Artemisia  californic'a 
mature  (or  sprouts) 
seedlings 

Ceanothus  oliganthus 
mature  (or  sprouts) 
seedlings 


Individuals  (no. /square  meter  ±  SE) 


Before 
1979  Fire 


After 
1979  Fire 


After 
1980  Fire 


1.5  ±  0.3    0.8  i  0.2   0.2  ±  0.1 
nil      22.2  ±  6.1    0.6  ±  0.8 


0.3  ±  0.1 
9 


0.2  ±  0.1 


nil        0 
2.6  ±  0.6   O.n  ±  0.2 


6.0  ±  3.0 


Table  2.   Change  in  frequency  (%   occurrence  in  1/4  meter 
square  plots)  of  two  species. 


Before 

After 

After 

1979  Fire 

1979  Fire 

1980  Fire 

Adenostoma  fasciculatum 

mature  (or  sprouts) 

.27 

.15 

.07 

seedlings 

nil 

.75 

.04 

Xylococcus  bicolor 

mature  (or  sprouts) 

.13 

.13 

.04 

seedlings 

nil? 

0 

0 

The  1980  grass  fire  caused  severe  to  moderate 
mortality  in  both  seedlings  and  resprouts  which 
emerged  after  the  1979  fire  (Tables  1  and  2). 
Ceanothus  oliganthus  seedlings  were  eliminated, 
Adenostoma  fasciculatum  seedlings  were  reduced  by 
over  95%,  and  those  of  Artemisia  californica  by 
85?.   Surprisingly,  the  mortality  from  the  grass 
fire  was  also  substantial  for  the  resprouts,  with 
a  75%  reduction  in  the  number  of  individuals  for 
Adenostoma  fasciculatum.  and  almost  a  70% 
reduction  in  frequency  for  Xylococcus  bicolor. 

Change  in  frequency  of  occurrence  is  a  simple 
index  of  the  creation  of  gaps  by  fire.  The  grass 
fire  substantially  decreased  the  occurrence  of  all 
four  species,  as  is  made  clear  by  these  data  which 
give  the  percent  change  in  frequency  of  occurrence 
of  the  species  in  1/4  meter  square  plots  resulting 
from  the  1980  fire: 


Btioi 


Artemisia  californica 
Xylococcus  bicolor 
Adenostoma  fasciculatum 
Ceanothus  oliganthus 


-15 
-66 

-84 

-100 


For  Ceanothus  oliganthus.  this  amounts  to  local 
extinction  within  the  area  of  the  1980  burn. 
Adenostoma  fasciculatum  and  Xylococcus  bicolor 
also  suffered  substantialy,  while  Artemisia 
californica.  present  at  lower  elevation  sites,  was 
much  less  affected,  primarily  because  unlike  most 
other  species,  a  high  proportion  of  burned 
seedlings  resprouted  after  the  1980  fire. 


It  is  clear  that  the  1980  fire  has  produced  i 
disequilibrium,  at  least  locally,  in  the 
vegetation  on  Otay  Mountain.   The  gaps  created  i 
remain  gaps,  or  as  seems  more  likely,  they  will 
eventually  be  closed.   If  the  interval  between 
fire  is  long, the  remaining  individuals  may  becoi 
large  enough  to  utilize  all  available  space,  wil 
annual  herbs  and  sub-shrubs  occupying  the  space 
in  the  interim.   However,  there  could  also  be 
establishment  of  shrub  species  that  do  not  requ 
fire  for  germination.   It  is  possible  that  some 
the  chaparral  species  discussed  above  that  do  n 
establish  seedlings  after  fire  and  that  have   I 
animal-dispersed  seeds  could  invade.   More  like', 
however,  is  the  expansion  of  coastal  sage  scrub 
species  such  as  Eriogonum  fasciculatum  and 
Artemisia  californica  which  produce  large  amoun i 
of  seeds  and  are  common  on  disturbed  sites.   Thl, 
changes  to  be  expected  will  certainly  vary  loca'y 
and  will  be  dependent  on  the  local  seed  rain. 


Elsewhere  on  Otay  Mountain  there  are  sharp 
boundaries  between  chaparral  and  coastal  sage 
scrub  that  do  not  seem  to  correlate  with  soil  t)e 
or  topographic  position.   It  seems  possible  tha 
these  boundaries  are  the  margins  of  areas  which 
might  have  been  burned  with  one  or  more  very  sh't 
intervals,  causing  local  extinction  of  chaparra 
species. 
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(NAGEMENT  IMPLICATIONS 

Whether  planned  or  inadvertent,  man's 
ctivities  exert  a  strong  influence  on  the  many 
nects  of  the  environment  which  play  a  role  in 
t;  formation  and  colonization  of  gaps.   We  have 
(jated  novel  ecological  situations  which  have  set 
]  motion  readjustments  of  species  abundances  in 
;-ubland  vegetation.   The  sharp  changes  observed 
]  the  grass  fire  of  1980  on  Otay  Mountain  no 
cjbt  had  natural  analogs,  but  human  influences 
ti/e  greatly  increased  the  frequency  of  unique  and 
t"e  episodes  of  gap  formation. 

I  Practical  constraints  make  it  unlikely  that 
rubland  management  in  southern  California  can 
nic  the  natural  patterns  of  gap  formation, 
suming  that  these  can  ever  be  known.   Although 
id  managers  speak  of  "restoring  fire  to  its 
tural  role";   this  is  probably  impossible.   Many 
tural  fires  must  have  been  large  and  intense, 

1  there  is  good  reason  to  suppose  that  one  large 
tense  fire  cannot  be  simulated  by  two  smaller, 
oler  ones.   Burning  often  enough  to  eliminate 

2  possibility  of  wildfire  may  mean  eliminating 

3  distinctive  micro-habitats  needed  for  the 
FJ-mination  and  survival  of  some  species.   It 

isms  certain  that  comprehensive  management,  no 
ttter  how  carefully  planned,  will  cause  shifts  in 
iscies  abundances  and  distribution.  These  shifts 
r/  be  readily  observable,  or  they  may  take  place 
nwly  over  many  decades.  Predicting  what  changes 
iLl  occur  will  require  much  more  knowledge  of  the 
IDulation  ecology  of  shrubland  species,  including 
itive  and  introduced  herbaceous  plants. 


It  doesn't  follow  that  all  man 
(ind  to  a  halt  until  research  sc 
■lat  our  knowledge  is  sufficient 
■  l9dictions  within  appropriate  er 
■■'I'rfever,  scepticism  about  prevail 
'ution  in  implementing  large-sea 
-■<  them  are  necessary.   Research 
:ientists  from  many  disciplines 
-I'iDUld  be  made  an  integral  part  o 
•■'  f  heme . 
Ill) 
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agement  must 
ientists  certify 
to  make 
ror  bounds, 
ing  ideas  and 
le  programs  based 
and  evaluation  by 
and  all  sectors 
f  any  management 
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The  Role  of  Allelopathy,  Heat,  and  Charred 
Wood  in  the  Germination  of  Chaparral  Herbs^ 


Sterling  C.  Keeley  and  Jon  E.  Keeley- 


Abstract:   The  herbaceous  flora  of  the  chaparra! 
includes  annual  and  perennial  species  which  dif  r 
in  their  temporal  relationship  to  fire.   Germin. 
tion  cues  for  these  herb  groups  could  be  expectf 
to  reflect  these  temporal  differences.   Thirty 
species  of  herbs  were  tested  for  germination  in 
response  to  Adenostoma  leachate  and  charred  stei , 
direct  heat,  and  their  combinations.   For  herbs 
present  pre-and  post-fire,  germination  was  best 
under  control  conditions,  or  with  leachate.   Fi 
following  herbs  germinated  best  with  a  combinat  n 
of  charred  stems  and  low  heat.   The  enhancement 
effect  of  burned  Adenostoma  stems  was  found  to  1 
generalizable  to  other  woody  plants  and  was  not 
fertilizer  effect. 


The  southern  California  chaparral  is  dominated 
by  woody  sclerophyllous-leaved  shrubs  which  are 
drought  tolerant  and  fire-adapted.   Shrubs  re- 
sprout  from  root  crowns  or  appear  from  seedlings 
once  fire  has  removed  the  adult  plants  and  provi- 
ded proper  conditions  for  seed  germination. 
There  is  also  an  herbaceous  component  to  the  chap- 
arral, the  most  well  known  herbs  being  "fire 
annuals"  which  appear  in  great  numbers  after  the 
chaparral  shrubs  have  burned.   The  germination  re- 
sponses of  these  herbaceous  species  has  been  tied 
to  two  major  effects:   the  allelopathic  properties 
of  shrubs  which  inhibit  herb  germination  in  the 
mature  chaparral,  and/or  the  stimulating  effects 
of  the  burning  process;  heat,  scarification  and 
chemical  changes.   Herbs  are  generally  inconspic- 
ous  under  the  mature  shrub  canopy. 

Annual  and  perennial  herbaceous  species  are 
associated  with  chaparral,  both  before  and  after 
fire.   It  has  been  suggested  that  these  herbs  can 
be  divided  into  4  groups  on  the  basis  of  life 
form  and  time  of  appearance  (Table  1;  Keeley  and 
Keeley  1981,  Keeley  et.  al.  1981).   The  peren- 
nial herbs  form  two  groups  (Table  1) ,  those 
present  within  the  mature  chaparral,  but  rarely 
flowering  at  this  time  &  those  which  appear  abun- 
dantly after  fire.   This  second  group  is  composed 
of  suf f ructescent  species  such  as  Helianthemum 
scoparium  and  Eriophyllum  confertif lorum  which 
become  prominent  the  second  through  fifth  years 
after  fire  (Keeley  et.  al.  1981),  or  until  they 
are  shaded  out  by  the  reestablishing  shrubs. 
Annual  species  can  be  similarly  divided  into 
those  which  appear  in  openings  within  the  mature 
chaparral,  and  those  annuals  which  are  strict 
fire  followers  (Table  1).   This  diversity  in  life 
history  suggests  differences  in  seed  germination 
cues. 
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The  development  of  hypotheses  on  seed  germii 
ation  has  resulted  primarily  from  the  pioneerin; 
work  of  Sweeney  (1956).   Sweeney  (ibid.)  invest  - 
gated  the  possibility  of  inhibitory  substances  : 
which  might  be  produced  by  the  shrubs  and  retar^ 
or  prevent  herb  germination.   He  also  invest iga 
ed  the  possible  stimulatory  role  of  heat  and  asl 
on  herb  germination.   Sweeney  (1956)  found  no  e 
feet  due  to  Adenostoma   leachate  on  the  germin a  or 
of  several  chaparral  herb  species  or  on  the  cul 
tivated  radish,  under  normal  aerated  conditions 
He  obtained  stimulated  germination  of  refractor 
herb  species,  such  as  Emmenanthe  pendullflora, 
when  wood  excelsior  was  burned  over  the  top  of 
seeds  planted  in  soil.   Separate  tests  on  the 
effect  of  heating,  at  temperatures  similar  to 
those  found  in  fire,  and  tests  with  wood  ash  aire 
failed  to  reproduce  the  result  obtained  with 
burned  excelsior.   Heating  for  extended  periods 
did  increase  germination  in  one  species  (Genothra 
micrantha)  but  had  no  effect  on  other  herbs  tes  d. 
Wood  ash  generally  decreased  germination  for  bo 
scarified  and  non-scarified  herb  seeds. 

Muller,  Hanawalt  &  McPherson  (1968)  and 
McPherson  and  Muller  (1969)  pursued  the  possibi ■ 
ity  of  an  inhibitory  substance  present  in  maturj 
shrubs  which  could  prevent  herb  germination.   l| 
tests  of  germination  using  rainwash  and  concen- 
trated Adenostoma  leachate  they  recorded  some 
decrease  in  germination  at  the  highest  concentr- 
tions,  although  this  was  not  uniform.   These 
findings  were  partially  confirmed  by  later  test 
with  11  annual  species  (Christensen  and  Muller, i 
1975) .   Germination  of  herbs  from  samples  of  chf 
arral  soil,  which  may  have  contained  leached 
compounds,  was  higher  when  the  soil  was  heated 
at  temperatures  of  80-100°C.   Christensen  and 
Muller  (1975)  found  no  significant  increase  in 
germination  when  herb  seeds  were  heated  directl 


Wicklow  (1977)  tested  the  effect  of  ashed  ail 
partially  burned  (charred)  stems  of  Adenostoma 
on  the  germination  of  Emmenanthe  pendullflora, 
a  fire  annual.   Like  Sweeney  (1956)  he  obtained 
no  results  with  completely  ashed  stems,  but  he 
found  that  charred  stems  significantly  promotedi 
germination.   The  effect  of  charred,  but  not    | 
ashed  stems  on  Emmenanthe  germination  was  con- 
firmed by  Jones  and  Schlesinger  (1980) . 


128 


Gen.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Fige 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982 


EXPERIMENTAL  DESIGN  AND  METHODS 

[   Experiments  were  conducted  to  test  both  the  ef- 
fect of  possible  inhibitors  such  as  Adenostoma 
leachate,  and  possible  stimulants  to  herb  germ- 
ination such  as  heating  and  charred  stem  material. 
Since  several  agents  could  be  acting  in  concert 
interaction  effects  were  also  tested. 

Our  initial  experiment  was  a  multifactorial 
test  of  the  effects  of  heat,  Adenostoma  leachate 
charred  Adenostoma  stems  and  combinations  of 
these,  using  30  species  of  chaparral  herbs  (Table 
2-5  &  Appendix).   Follow  up  experiments  were 
undertaken  to  further  test  those  factors  which 
ignificantly  affected  germination. 


Table  1.   Perennial  and  Annual  herbs  by  groups, 
in  mature  and  post-fire  chaparral  (from  Keeley 
et.  al.  1981) 


Seeds  were  collected  from  burned  and  unbumed 
chaparral  of  all  ages  from  throughout  southern 
California  during  June  and  July  1980.   Seeds 
were  collected  in  paper  bags,  returned  to  the 
(Lab  and  sorted  free  of  debris.   Cleaned  seed  was 
placed  in  glass  jars  and  stored  at  room  temper- 
ature.  Seeds  of  Emmenanthe  penduliflora  collect- 
ed in  1st  year  bums  proved  inviable  so  seeds 
of  this  species  were  obtained  from  C.  Jones 
(Jones  and  Schlesinger  1980).   Only  their  Santa 
itonica  Mt.  population  was  used. 

For  heat  treatments  seeds  were  counted  into 
"lots,  placed  in  glass  petri  dishes  and  put  in 
the  oven  for  varying  periods  as  shown  in 
Tables  2-5. 

Leachate  was  prepared  according  to  the  tech- 
nique of  McPherson  and  Muller  (1969).   Concen- 
trated leachate  (4X)  was  made  by  evaporating 
standard  leachate  and  reducing  the  volumne. 

Charate  was  prepared  by  burning  Adenostoma 
stems  of  <  1  cm  diameter  with  a  propane  torch 
until  they  were  blackened  throughout,  and  then 
grinding  the  stems  in  a  Wiley  mill  to  produce  a 
lUniform  powder.   2.4  ^   0.2  gms  of  charate  were 
.applied  to  each  seed  lot  to  be  tested. 

Seeds  of  all  treatments  were  planted  in  petri 
dishes  on  sterilized,  screened  potting  soil,  and 
;jatered  with  25  mis  jl  2  of  deionized  water.   The 
plates  were  then  placed  on  trays,  covered  with 
plastic  to  retard  evaporation  and  given  a 
cycle  of  20  days  cold  (10°C)  and  15  days  at  room 
temperature  (23°C).   All  plates  were  run  for 
three  cycles.   Scoring  took  place  at  10  days  into 
the  first  cold  treatment  and  at  5  day  intervals 
after  that. 

For  follow  up  experiments  sorting,  handling 
and  planting  procedures  were  the  same.   A  cold 
treatment  of  30  days  was  applied  in  some  exper- 
iments as  indicated,  with  12  hour  light/dark 
periods  at  room  temperature. 

For  tests  on  other  shrub  species  charate  was 
prepared  identically.  Partial  charate  was  made 
by  burning  the  stems  to  the  point  that  some  un- 
blackened  material  remained  in  the  center. 


Group 

Mature 

Post-fire 

Chaparral 

Chaparral 

1- 

-Perennial 

Adults    and 

Re  sprouts, 

Seedlings, 

Few  Seedlings 

Flowering   Rare 

Flowering   1st    yr. 

2- 

-Perennial 

Rare, 

Abundant    from 

In   Openings 

Seedlings    (1st   yr.) 

3- 

-Annual 

Infrequent , 

Abundant    for 

In   openings 

first    several   years 

3- 

-Annual 

Rare 

Abundant- 
First    Year   Only 

Grinding  was  done  as  described  above.  Baked  stem 
material  was  prepared  by  cutting  small  segments  of 
branches,  less  than  1  cm  diameter,  placing  them  in 
foil  packages  (open)  on  a  metal  sheet.  These  were 
baked  for  selected  intervals,  cooled  and  ground  in 
the  Wiley  mill.  Quantities  applied  were  2.4  "•"  0.5 
gms  of  charate. 

A  water  extract  of  fully  charred,  but  not  ground 
Adenostoma  stems  was  prepared  by  pouring  deionized 
water  over  the  stem  sections  and  watering  as  des- 
cribed above.   Filter  paper  as  well  as  soil  was 
utilized  in  this  experiment. 

For  a  test  of  fertilization  on  germination  half- 
strength  and  2X  strength  Hoagland's  solution  was 
used  (as  determined  by  package  directions).   This 
solution  was  used  instead  of  deionized  water  for 
the  experiment.   Normally  watered  plates  were  used 
as  a  control.   Cold/warm  cycles  were  as  described 
for  the  multifactorial  experiment. 

RESULTS  AND  DISCUSSION 

Results  of  the  multifactorial  experiment  will  be 
presented  using  a  representative  member  of  each  of 
the  four  herb  groups  (Table  1).   These  species  are: 
Paeonia  califomica,  Group  1 ;  Eriophyllum  confer- 
tiflorum.  Group  2;  Oenothera  micrantha,  Group  3; 
and  Phacelia  cicutaria.  Group  4.   Since  several 
factors  were  tested  singly  and  in  combination,  the 
individual  factor  responses  will  be  considered 
first,  with  selected  follow  up  experiments  and  then 
their  interactions. 

Effect  of  Leachate 

The  responses  of  members  of  all  four  groups  of 
herbs  to  single  strength  Adenostoma  leachate  was 
not  significantly  different  from  the  control  in 
most  cases.   Germination  was  stimulated  in  some 
species,  no  inhibitory  effects  were  seen  (Table 
2-5). 
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Table  2.   Percent  germination  of  Paeonia 
califomica  in  response  to  heat,  leachate  and 
charate   (N  =  8  dishes/  20  seeds  per  dish) 


Control 

80°  C 
(2  hr) 

120° 
(5 

c| 150°C 
min) 
1 

P 

LSD 

Control 

67.5 

0.6 

5.6 

1.9 

.01 

10.4 

Leachate 

79.4 

5.6 

20.6 

5.0 

.01 

21.6 

Charate 

55.0 

0.0 

12.5 

1.3 

.01 

13.3 

Leachate 

+ 

41.9 

0.0 

12.5 

0.6 

.01 

12.9 

Charate 

P 

.01 

ns 

ns 

ns 

LSD 

16.5 

Germination  of  the  perennials  was  slightly, 
but  not  significantly  enhanced  with  leachate  as 
shown  for  Paeonia  (Table  2)  and  Eriophyllum 
(Table  3).   Stipa  coronata,  a  group  1  perennial, 
was  significantly  enhanced  (P<  .01);  no  perennial 
was  negatively  affected. 

The  annual  species  showed  a  more  varied  pattern 
of  responses,  but  none  were  negative.   Group  3 
annuals,  such  as  Oenothera  micrantha  (Table  4) 
and  Cryptantha  muricata,  Ap last  rum  angustifolium, 
Descuriana  pinnata,  and  the  generalized  exotic 
Brassica  nigra  were  significantly  enhanced  by 
leachate;  germination  was  double  that  of  controls. 
Fire  annuals  (Group  4)  showed  a  mixed  response  to 
leachate,  however.   Phacelia  cicutaria  (Table  5) 
and  P^.  grandiflora  showed  significantly  enhanced 
germination,  but  P_.  brachyloba,  P^.  fremontii, 
and  Emmenanthe  penduliflora  showed  no  effect  with 
germination  percentages  remaining  low  (^15%)  in 
all  cases. 

The  lack  of  inhibition  in  herb  germination 
with  single  strength  Adenostoma  leachate  seen  here 
is  similar  to  the  findings  of  Sweeney  (1956) , 


Table  3.   Percent  germination  of  Eriophyllum 
confertiflorum  in  response  to  heat,  leachate  and 
charate   (N  =  8  dishes/  50  seeds  per  dish) 


Control 

80°C 
(2  hrs) 

120°C 
(5  m 

150°C 
in) 

P 

LSD 

Control 

3.8 

5.5 

3.8 

1.0 

.05 

2.7 

Leachate 

7.8 

5.5 

5.5 

0.5 

ns 

Charate 

51.5 

58.2 

65.7 

1.8 

.01 

11.7 

Charate 

Leachate 

58.3 

63.2 

65.2 

2.8 

.01 

10.6 

P 
LSD 

.01 
11.8 

.01 
8.7 

.01 
9.6 

.01 

ns 

Table  4.   Percent  germination  of  Oenothera 
micrantha  in  response  to  heat,  leachate  and 
charate   (N  =  8  dishes/50  seeds  per  dish) 


if  a 


Control 

Leachate 

Charate 

Leachate 

+ 
Charate 


LSD 


Control 


80°  C 
(2  hr) 


150°C 


(5  min) 


is« 


LSI; 


30.0  48.5  65.5 
51.7  58.9  58.7 
26.0    33.0   22.0 


45.4 


50.7   29.8 


69.0 
80.0 
20.0 

58.2 


.01  10 
.01   19, 
ns 


iit 
ilit 

for 


.05   17 


i-!ie 

15 


.01 


20.3 


.05 


17. i 


.01 


19.8 


,01 


17.9 


E, 


Fir 


iit 
gr 


jtr. 


Muller,  McPherson  and  Hanawalt  (1968)  and 
McPherson  and  Muller  (1969).  Sweeney  (ibid., p. 
190) also  observed  a  slight,  but  non-significant 
increase  in  germination  in  some  species.  Howevi 
McPherson  and  Muller  (1969)  did  report  decrease( 
germination  with  concentrated  leachate,  at  leasi 
for  one  perennial  species,  Helianthemum  scoparli 


and  Christensen  and  Muller  (1975)  also  detected 
some  inhibition  with  leachate.   A  follow  up  ex- 
periment was  undertaken  using  4X  concentrated 
Adenostoma  leachate. 

Concentrated  leachate  enhanced  the  germinati^ 
of  both  perennial  and  annual  herb  species  found 
within  the  mature  chaparral  (Groups  1  &  3,  Tabli 
1) .   The  degree  of  this  increased  germination 
varied  from  a  statistically  non-significant  in- 
crease  in  the  case  of  Paeonia,  (control  36.6  p 
germ;  4X  leachate,  46.9  pet.  germ)  or  Salvia 
columbariae  (control  6.8  pet.  germ;  4X  leachate 
14.3  pet.  germ,  p.COl,  LSD  15.7)  to  strongly  a: 
significantly  enhanced  germination  in  Convolvul i 
cyclostegius  (Control,  5.8  pet.  germ;  4  X 
leachate  12.0  pet.  germ,  p<.01,  LSD  5.2)  or 
Descuriana  pinnata  (Control  19.8  pet.  germ;  4X 
38.0,  p  <  .01,  LSD  15.4). 

The  response  of  fire  following  perennials  an 
annuals  was  more  heterogenous  and  included  one 
case  of  clear  inhibition.   Helianthemum  scopariai 
was  significantly  inhibited  by  high  leachate  col' 
centrations  (Control  16.0  pet.  germ.,  4X  leacha; 
10.3  pet.  germ.,  p  <  . 05 ,  LSD  4.6).   This  is  the 
same  species  shown  to  be  inhibited  by  leachate 
by  McPherson  and  Muller  (1969).   Eriophyllum 
confertiflorum  was  not  significantly  affected.  , 
None  of  the  fire  annuals  tested  showed  a  signif- 
cant  effect  due  to  concentrated  leachate. 

On  the  basis  of  both  sets  of  experiments  re- 
ported here  leachate  cannot  be  regarded  as  a 
strong  deterrent  to  growth  by  chaparral  herbs. 
It  may  actually  stimulate  growth  of  those  specif 
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)lerant   of   sub-canopy  conditions.      The   effect    of 
,y   toxic   substances    found  within  leachate,    if 
ley  are  present,    may  be   exerted  on  the   growth 
id   development   of  herbs   once   they   germinate, 
■lis  was  not    tested  here. 

feet   of  Heat 


Heat  treatments  produced  variable  effects  with- 
i  and  between  herb  groups.   In  only  a  few  cases 
.d  it  stimulate  germination  above  control 
inditions. 

For  the  perennials  like  Paeonia  which  appear 
ith  before  and  after  fire  (Table  2)  heating  the 
;eds  resulted  in  decreased  germination  from  the 
m-heated  control.   The  highest  temperature  test- 
I,  150°C  reduced  germination  of  all  species,  and 
■is  lethal  in  the  case  of  Zigadenus  f remontli  and 
:ipa  coronata. 

Fire  following  perennials  such  as  Eriophyllum 
'able  3)  germinated  at  low  levels  under  control 
inditions  and  with  heat.  However,  Helianthemum 
oparium  was  stimulated  at  120°C  (Control  23  pet, 


:rm.  ;  120°C,  43  pet.  germ;  P<  .01,  LSD  9.6).  High 
'.mperatures  reduced  germination  to  less  than  5 
'.rcent  in  both  species. 

Annuals  of  Group  3,  present  before  and  after 
.re,  showed  both  strong  positive  and  strong 

^'.gative  responses  to  heating.   Oenothera 
'able  4) ,  Lotus  salsuginosus,  Ap last rum  angusti- 
'lium  and  Brassica  nigra  were  significantly  en- 
mced  by  heating  at  either  80OC  or  120°C,  but 
t  at  150°C.   In  contrast,  Salvia  columbariae, 
id  Avena  barbata  were  inhibited  by  heating  at 

■■'en  low  temperatures  (Salvia,  Control  29.5  pet. 

;  'vm. ;    80°C  8.8  pet.  germ.);  other  species  were 

■it  affected  except  at  the  highest  temperature. 

The  fire  annuals  were  not  affected  by  heating 
moderate  temperatures  with  the  exception  of 
lacelia  cicutaria  (Table  5).   In  this  species 
'  iderate  heat  stimulated  germination  above  the 
^''.vel  of  the  control.   For  most  other  species 
i-iere  was  no  significant  difference  at  lower  temp- 
■atures;  150°C  was  lethal. 

Sweeney  (1956),  Christensen  and  Muller  (1975) 
id  McPherson  and  Muller  (1969)  also  found  that 
rect  heat  resulted  in  little  stimulation  of  germ- 
^■■'lation  except  in  a  few  species,  including 
-  ^nothera  micrantha  and  Helianthemum  scoparium. 
2;:ir  the  m.ajority  of  species  they  tested  germin- 

'"^'ion  remained  low  under  heat  treatments. 

toK 

■'  It  appears  that  moderate  heat  may  have  some 
^    imulative  effect  on  germination  of  chaparral 
:rbs,  but  that  this  is  probably  not  the  major 
■  ictor  promoting  germination  either  before  or 
-'■'ter  fire.   Soil  heating  by  sun  (Christensen  and 
iller  1975)  and  during  fire  may  serve  in  concert 
th  other  factors  to  promote  germination  of  herbs 
8'  'ay  from  the  shrub  canopy. 
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Table  5.   Percent  germination  of  Phacelia 
cicutaria  seeds  in  response  to  heat,  leachate  and 
charate   (N  =  8  dishes/  50  seeds  per  dish) 


Control 

80°  c 
(2  hr) 

120°C 
(5 

150°C 
min) 

P 

LSD 

Control 

4.8 

10.8 

5.8 

0.0 

.01 

6.0 

Leachate 

12.8 

20.3 

12.5 

0.5 

.01 

8.7 

Charate 

32.0 

45.2 

56.7 

0.0 

.01 

16.2 

Leachate 

+ 

38.0 

51.2 

33.2 

0.0 

.01 

12.6 

Charate 

P 

.01 

.01 

.01 

.01 

ns 

LSD 

14.6 

10.2 

14.6 

Effect  of  Charate 

Charred  Adeno stoma  stems  produced  significantly 
enhanced  germination  in  fire  following  perennials 
and  annuals,  but  had  mixed  effects  on  those  species 
present  both  before  and  after  fire.   Germination  of 
fire  preceeding  perennials  like  Paeonia  did  not  dif- 
fer significantly  between  controls  and  charate 
treated  seeds  (Table  2).   For  all  species  tested 
in  this  group  germination  remained  within  15  percent 
of  control.   Germination  of  annuals  species  found 
before  as  well  as  after  fire  varied.   It  was  similar 
to  control  conditions  for  a  number  of  species: 
Oenothera  (Table  4) ,  Lotus  salsuginosus , 
Ap last  rum  angustifolium  and  Descuriana  pinnata, 
and  the  adventive  grass  Avena  barbata.   Brassica 
nigra  was  strongly  and  negatively  affected  (Control, 
24.3  pet.  germ,  vs  4.0  pet.  germ,  with  Charate). 
Cryptantha  murieata  showed  significantly  enhanced 
germination  with  charate  (Control,  24.3  pet.  germ, 
vs  66.7  pet.  germ.   With  Charate)  as  did  Salvia 
columbariae  (Control,  29.5  pet.  germ.,  vs.  40.0  pet. 
germ  With  Charate). 

Fire  following  perennials  like  Eriophyllum 
(Table  3)  were  strongly  enhanced  by  the  addition 
of  charate  as  were  most  fire  annuals.   Germination 
was  strongly  stimulated  in  Phacelia  species 
(Table  5)  and  P^.  grandif lora  and  P^.  f remontii ,  in 
Emmenanthe  pendullflora  (Table  7) ,  Antirrhinum 
coulterianum  and  Chaenaetis  art emisae folia. 
Germination  was  often  less  than  10  percent  under 
control  conditions  for  these  species  and  was 
greatly  increased  by  charate.   The  magnitude  of 
this  response  was  greater  than  that  observed  with 
leachate  or  heat  for  most  species. 

Given  the  magnitude  of  the  germination  enhance- 
ment shown  in  fire  following  annuals  and  perenials 
further  experiments  were  undertaken  to  determine 
the  nature  of  this  effect.   Charred  wood  of  other 
chaparral,  and  non-chaparral  species  was  tested  on 
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Table  6.   Effect  of  charate  of  chaparral  and 
desert  shrubs,  and  pine  on  the  germination  of 
Eriophyllum  confertiflorum  and  Emmenanthe 
penduliflora   (N  =  5  dishes/  50  seeds  per  dish; 
seeds  given  30  day  cold  treatment,  12  hr  It/dk 
at  room  temperature) 


PERCENT 

GERMINATION 

Emmenanthe 

Eriophyllum 

Control 

0.0 

19.2 

CHARATE : 

Species 

Arctostaphylos 

glauca 

6.4 

70.0 

Ceanothus 

crassifolius 

5.6 

71.2 

Quercus 

dumosa 

11.6 

78.0 

Rhus 

laurina 

8.4 

77.6 

Larrea 

divaricata 

54.8 

74.0 

Artemisia 

tridentata 

10.0 

71.6 

Pinus 

coulterl 

13.6 

98.0 

P 

.01 

.01 

LSD 

9.8 

20.7 

t\:o  herbs  which  had  shown  significant  enhancement 
with  Adenostoma  charate  (Table  6).   The  results 
of  this  experiment  indicated  that  charred  wood 
from  other  shrubs  and  Pine  also  stimulated  the 
germination  of  these  herbs  at  levels  similar  to 
that  of  Adenostoma.  (Compare  Tables  3  &  5). 

A  second  experiment  was  conducted  to  determine 
if  stem  material  would  be  effective  in  stimulating 
germination  if  it  were  only  heated,  or  partially 
burned.   Results  of  this  experiment  are  shown  in 
Table  7.   These  results  indicated  that  complete 
burning  was  not  necessary  to  produce  significant 
improvement  in  germination.   There  was  no  signifi- 
cant difference  between  the  enhancement  of  germin- 
ation observed  with  partially  charred  or  baked 
stems.   Evidently,  whatever  the  factor  responsible 
for  stimulating  germination  it  is  produced  prior 
to  combustion.   The  difference  in  effect  of 
completely  and  partially  charred  stems  seen  here 
(Table  7)  was  not  confirmed  in  other  tests 
(unpublished  data)  using  Emmenanthe  and  three 
other  chaparral  herb  species. 


Table  7.   Effect  of  heated,  partially  and  fully 
charred  Adenostoma  stem  material  on  germination  o 
Emmenanthe  penduliflora  seeds   (N  =  5  dishes/  50 
seeds  per  dish;  30  day  cold  treatment;  12  hr  It/d 
at  room  temperature) 


jjlai 
Jthi 


Control 

Charate 

Partial    Charate 

Baked,    260°    C 
(10  minutes) 

Baked,    175°    C 
(30  minutes) 

P 

LSD 


An  aqueous  extract  of  charred  stems  was  also 
found  to  enhance  germination  of  Eriophyllum. 
The  effect  of  this  water  extract  varied  with  the 
substrate  on  which  germination  trials  were  con- 
ducted.  Germination  was  highest  on  filter  paper 
(64  pet.)  and  lowest  on  soil  (12  pet.)  with  inte 
mediate  values  for  the  control  (deionized  water) 
on  filter  paper  (40%).   Good  germination  was  ob- 
tained when  charate  was  applied  directly  to  soil 
and  then  watered  as  usual. 

The  stimulation  of  germination  by  charate,  an 
charate  extract,  and  perhaps  by  filter  paper  may 
reflect  some  common  substance  found  in  treated  o 
processed  wood,  or  it  may  reflect  some  property  i 
soil  that  binds  water  soluable  wood-derived  com- 
pounds, at  least  in  low  concentrations.  Further 
experiments  are  being  conducted  to  determine  if 
the  same  results  can  be  obtained  on  glass  filter 
and/or  with  other  wood  products. 


itrol 
iBc 
loaf 
irate 


Hi 


■Hi 

It 


Another  possible  effect  of  charate  might  be 
that  of  a  general  fertilizer  since  nutrients 
would  be  released  from  structural  compounds  dur 
ing  the  burning  process.   To  test  this  effect, 
which  would  be  common  to  any  woody  species,  we  a 
plied  Hoagland's  solution  in  two  concentrations 
(Table  8).   Levels  of  germination  with  fertiliza 
tion  were  similar  to  that  of  controls  and  signif 
cantly  lower  than  with  charate  and  water.   Appar 
tly  the  effect  of  charred  stems  is  not  due  to  in 
creased  nutrients. 


iiJI 
itit 
lid 
St 


[1^ 


Germination  was  enhanced  to  a  greater  degree 
most  fire  following  species  with  the  addition  of 
charate  than  by  any  other  single  factor  tested. 
From  our  data  it  is  apparent  that  charred  wood 
from  both  chaparral  and  non-chaparral  species  is 
equally  efficacious.   Its  effect  is  probably  due| 
to  some  common,  although  unknown,  property  of  woll 
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ible  8.   Effect  of  fertilization  using 

jaglands  solution  in  2  concentrations 

id  the  effect  of  charate  on  the  germination 

:  Eriophyllum  confertiflorum  and  Chaenactis 

rtemisaefolia 

1=8  dishes/  50  seeds  per  dish) 


'mtrol 

i  X  Hoaglands 

'l  Hoaglands 

larate 

P 
iLSD 


PERCENT  GERMINATION 


Eriophyllum 


Chaenactis 


10.5 
8.8 
2.8 

60.8 


27.2 
29.3 
25.8 
86.5 


.01 
12.7 


.01 
9.9 


en  though  the  exact  basis  for  this  stimulation 

germination  is  unclear,  charate  evidently 
ovides  a  very  precise,  and  in  some  species, 
g.  Emmenanthe  an  obligate  cue  to  germination. 
is  sort  of  cue  to  fire  would  seem  to  be  highly 
aptive  to  annual  species,  with  high  light  re- 
irements  and  low  competative  ability.   The  only 
me  such  conditions  are  readily  available  in  the 
aparral  is  after  fire  when  shrubs  are  temporar- 
y  removed.   Such  a  close  tracking  of  the  environ- 
nt  suggests  a  long  association  between  fire  and 
e  flora  of  the  chaparral. 

1 

teractions 


I 
Although  interactions  between  heat,  charate 

'Md   leachate  are  likely  to  occur  at  some  point 
I  the  fire  cycle,  such  combined  effects  are  Hppar- 

i.ltly  limited  (Tables  2-5).   For  perennial  species 

.lesent  before  and  after  fire  such  as  Paeonia 
'able  2) ,  Zigadenus  f remontii  and  Ma rah 
jcrocarpa  germination  was  best  under  control 
'iditions.   The  combination  of  leachate  and  low 
lat  did  stimulate  germination  in  some  cases,  but 

,V3  not  significantly  different  from  controls. 
Urate  plus  leachate,  plus  heat  produced  signifi- 
ntly  lower  germination  than  either  alone,  and 
;ain  less  than  the  control. 

The  annual  species  present  before  as  well  as 
':er  fire  germinated  best  with  the  addition  of 
Uchate  and  in  some  with  the  combination  of 
■]  achate  and  moderate  heat  (Table  4).   Oenothera 
'upended  strongly  to  heating,  including  heat 
c  150OC  (Table  4),  however  most  other  species 
■•;vre  negatively  affected  by  this  heat.   Like 

tiothera.  Cryptantha  muricata,  Lotus  salsugin- 
■"£is>  Ap  last  rum  angustlfolium  and  Brassica  nigra 
-".liponded  significantly  to  a  combination  of 
'."'derate  heat  and  leachate.   For  species  such 
'  '   Cryptantha  muricata  which  showed  increased 


germination  with  charate,  the  effect  of  leachate 
and  charate  together  was  similar  to  the  effect  of 
charate  alone.   In  some  cases  low  heat  together 
with  leachate  and  charate  raised  the  percentage 
of  germination,  but  this  was  not  significant.   In 
the  case  of  Brassica  nigra,  which  was  strongly 
inhibited  by  charate  alone,  the  combination  of 
leachate  (and  heat)  and  charate  significantly 
increased  germination. 

The  combination  of  leachate  plus  moderate  heat 
produced  high  levels  of  germination  in  both  an- 
nuals and  perennials  found  before  fire.   These 
conditions  could  be  expected  to  occur  within  the 
mature  canopy  and  may  provide  a  cue  to  suitable 
sites  and/or  environments.   Seeds  germinating  in 
response  to  these  factors  would  provide  a  low 
level  seedling  population  in  those  patches  of 
suitable  habitat  within  the  shrub  vegetation. 
The  proportion  of  seeds  within  each  species  seed 
pool  which  would  react  to  these  factors  would 
be  expected  to  be  low  since  the  availability  of 
suitable  sites  would  not  be  great  in  mature 
chaparral . 

Although  these  species  are  present  before  fire 
they  are  also  in  evidence,  and  often  more  abun- 
dant after  fire.   They  also  germinate  well  in  re- 
sponse to  charate.   This  response  would  appear  to 
provide  a  way  to  track  changes  in  the  environment 
from  pre-to  post-fire.   Conditions  for  growth  of 
all  herbs  would  be  improved  when  the  shrub  cover 
was  destroyed  and  light  and  nutrients  more  avail- 
able.  A  significant  proportion  of  the  seed  pool 
can  tolerate,  and  cue  into  these  conditions.   In- 
dividual species  evidently  vary  in  their  responses 
to  combinations  such  as  heat  and  charate,  but  a 
certain  number  of  all  species  remain,  even  under 
the  most  severe  conditions.   This  may  represent 
the  best  adaptive  compromise  to  the  unpredictable 
nature  of  fire  within  the  chaparral. 

The  responses  of  fire  following  annuals  and 
perennials  were  more  strongly  cued  to  charate  and 
the  combination  of  charate  plus  moderate  heat 
(Tables  3  &  5) .   Leachate  in  combination  with  any 
of  these  factors  resulted  in  lower  levels  of  germ- 
ination than  seen  with  charate  alone.   For  the  most 
part  the  effect  of  either  leachate  and/or  high 
temperatures  was  ameliorated  and  enhanced  by  char- 
ate.  In  Phacelia  cicutaria  for  example  (Table  5), 
germination  was  greatest  with  a  combination  of 
charate  and  heat.   Such  a   synergistic  effect  was 
observed  in  other  species  as  well.   A  positive 
response  to  this  combination,  more  than  to  any 
single  factor  would  appear  to  provide  a  precise 
way  to  track  fire  and  the  conditions  most  suit- 
able to  growth. 

The  germination  responses  of  chaparral  herbs 
appear  to  vary  with  differences  in  life  history 
characteristics  and  in  relation  to  time  of  fire. 
For  those  species  which  are  present  both  pre-  and 
post-fire  germination  and  growth  activities  are 
at  a  low  level  until  after  fire.  These  species 
have  the  ability  to  germinate  under  all  conditions. 
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but  respond  positively  to  the  post-fire  environ- 
ment.  This  response  was  strongest  in  the 
annuals,  perhaps  due  to  their  greater  light 
requirements  and  lower  competative  ability  than 
perennials.   The  fire  following  species  on  the 
other  hand,  have  apparently  adapted  to  germinate 
only  in  response  to  those  factors  which  are  pre- 
sent as  a  direct  result  of  fire.   Burned  stem 
material  and  moderate  heat  are  the  result  of 
burning  the  mature  canopy  and  these  effects  would 
gradually  dissipate  with  time.   It  may  be  that 
given  the  genetic  background  of  these  species, 
particularly  the  annuals,  that  fitness  is  max- 
imized only  under  post-fire  conditions.   Although 
the  exact  nature  of  the  germination  responses 
observed  is  not  fully  understood,  it  is  apparent 
that  the  herbaceous  component  of  the  chaparral 
flora  is  well  adapted  to  the  fire  cycle.   The 
variety  of  responses  to  different  germination 
cues  demonstrates  the  precision  of  this  adapta- 
tion. 
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APPENDIX 

Herb  species  tested  multifactorial  germination 
experiments.   Nomenclature  according  to  Munz  (15| 

Antirrhinum  coulterianum  Benth  in  DC. 

Apiastrum  angustifolium  Nutt.  in  T.  &  G. 

Avena  barbata  Brot. 

Brassica  nigra  (L.)  Koch. 

Calyptridium  monandrum  Nutt.  in  T.  &  G. 

Calystegia  macrostegia  (Greene)  Brummit  ssp. 

arida  (Greene)  Brummit 
Chaenactis  artemisiaefolia  (Harv.  &  Gray)  Gray 
Claytonia  perfoliata  (Donn)  Howell 
Cryptantha  muricata  (H.  &  A.)  Nels.  &  Macbr. 
Descuriana  pinnata  (Walt.)  Britton  ssp. 

menziesii  (DC.)  Detl. 
Dicentra  ochroleuca  Engelm. 
Emmenanthe  penduliflora  Benth. 
Eriophyllum  confertif lorum  (DC.)  Gray 
Festuca  megalura  Nutt. 
Gilia  splendens  Dougl.  ex  Lindl. 
Helianthemum  scoparium  Nutt. 
Lotus  salsuginosus  Greene 
Marah  macrocarpa  (Greene)  Greene 
Nicotiana  attenuata  Torr. 
Oenothera  micrantha  Homem  ex  Spreng. 
Paeonia  califomica  Nutt.  ex  T.  &  G. 
Phacelia  brachyloba  (Benth.)  Gray 
Phacelia  cicutarla  Greene 
Phacelia  fremontii  Torr. 
Phacelia  grandiflora  (Benth.)  Gray 
Phacelia  viscida  (Benth.)  Torr. 
Salvia  columbariae  Benth. 
Sisrynchium  bellum  Wats. 
Stipa  coronata  Thurb.  in  Wats. 
Zigadenus  fremontii  Torr. 
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asonality,  Growth,  and  Net  Productivity  of 
firbs  and  Shrubs  of  the  Chilean  Matorral' 


)ria  Montenegro,  Maria  E.  Aljaro,  Alan  Walkowiak,  and 
:ardo  Saenger^ 


Abstract:      The    physiognomy   and    species    composition 
of    the   matorral,    as    well   as    growth    period    and   net 
productivity   of    shrubs,    change   with  altitude.      In 
shrubs,   vegetative   growth   period   is  shorter  at 
higher   altitudes;    leaf   area   indices   are   signifi- 
cantly higher  at    lower   sites,    while   biomass 
indices   increase  with  altitude.      At   the   community 
level,    productivity   is    lower    in   the  montane 
matorral.      Growth  and   productivity   of    the   herba- 
ceous understory  markedly   varies   depending   on 
precipitation.      Most    vegetative    growth   occurs 
between   winter   and   early   spring. 


Chile,    located   between   18°   and   56°    latitude 
ith,    has   a   climate   which  markedly  varies   accord- 
;  to   geographical    position   (Di   Castri    1968, 
jek  and   Di  Castri    1975).      Drought    predominates 
the   north  of    the   country   and    rainfall    is  char- 
leristic   of    the  central   and    southern  regions. 
'.  natural   vegetation   is  closely   related    to    the 
iferent   climatic   patterns.      The  northern   part   of 
!  country   is  desertic,   while   evergreens   predomi- 
;e  in  the   south    (Pisano    1954,    Di  Castri    1968, 
isser   1974,    Hueck   1978).      The   central    region, 
h  a   mediterranean   climate,    has   a    typical  mator- 
.  vegetation    (Ui   Castri   1973,    Mooney   and   others 
'4,    Quintanilla    1974,   Miller  and   others    1977, 
idel    1981). 

Three  physiographic    regions    can  be   distin- 
.shed   in  Central   Chile:      the  Coastal  Range   with 
lighest   altitude   of    2200  m,    the  Central   Valley, 
:.  the  Andean  Cordillera   where   the   highest   peak 
£hes    7000  m  a.s.l.    (Rundel    1981).      The  matorral 
I  the   dominant   vegetation   of    the  Mediterranean 
Eie:      it   extends    from  33°    to   38°    S.    latitude   and 
a ng  an   altitudinal    gradient    from  the  coast   up    to 
2/0  m  a.s.  1 . 

The   study  sites  were  Cachagua,    on   the   coast,    at 
5m  a.s.l.    (2- year   observations);    Santa   Laura   in 
t    Coastal   Range,    at    1000  m  a.s.l.    (5-year   obser- 
»ions);    l^uebrada  Seca  at    1000  m  a.s.l.    and    Paso 
*  chant,    at   2200  m  a.s.l.,    both   in   the  Andes 
-  dillera    (5-year   observations). 

Evergreen  sclerophyllous   shrubs   and    trees, 
5  culents,    and   drought-evading  herbs    predominate 
i Central   Chile,    from    the   coast   to   about    1000  m 
- vation    (Mooney  and   others    1970,   Mooney  and 
3  era    1977,    Montenegro  and   others    1979a).      Ever- 
S en  shrubs   predominate  on  polar-facing   slopes, 
'I  le   drought-deciduous    shrubs    and    succulents    are 
"  tly    found   on   equatorial-facing    slopes    (Rundel 
I  3,    Parsons    19  76,    Mooney   and   others    19  77, 
^esto  and  Martinez    1978). 


Presented    at    the    Symposium   on  Dynamics    and 
'  agement   of  Hediterranean-type  Ecosystems,    June 
-2b,    1981,    San  Diego,    California. 

2 
Laboratorio   de   Botanica,    Facultad   de  Ciencias 

|logicas,    Universidad   Cato'lica  de  Chile, 

>  tiago,  Chile. 


The  midelevation  matorral  in  the  Coastal  Range 
and  the  sclerophyllous  scrub  at  the  foothills  of 
the  Andes  are  replaced  at  about  1850  m  bv  a  mon- 
tane evergreen  scrub  community  (Moonev  and  others 
1970,  Rundel  and  Weisser  1975,  Hoffmann  and 
Hoffmann  1978,  Montenegro  and  others  1979b).   At 
2300  m  in  the  Andes  the  matorral  gives  way  to  a 
low  subalpine  scrub.   Over  3000  m,  alpine  herbs 
and  cushion  plants  predominate  (Villagran  and 
others  1979,  Arroyo  and  others  1979). 

Here  we  will  analyze  the  phenology,  dynamics  of 
growth,  net  productivity,  and  mortality  of  shrubs 
and  herbs  of  the  Chilean  matorral  along  an  altitu- 
dinal gradient,  from  the  coast  up  to  2200  m  alti- 
tude in  the  Andean  Cordillera.   Our  aim  is  to 
assess  the  fluctuations  in  growth  and  phytomass  in 
ecosystems  of  semiarid  area.   The  results  of  this 
study  may  help  in  design  of  optimal  management 
practices  in  these  ecosystems,  which  are  being 
progressively  affected  by  man's  activities. 


HERBACEOUS  VEGETATION 

Herbs  are  an  important  ccmponent  of  the  shrub- 
dominated  vegetation  in  Central  Chile.   Mooney  and 
others  (1977)  and  Keeley  and  Johnson  (1977)  found 
over  60  percent  herb  cover  in  the  midelevation 
matorral  zone.   Native  species  usually  grow  under 
the  canopy  of  shrubs,  with  no  obvious  indications 
of  allelopathic  interactions  (Montenegro  and 
others  1978),  while  the  introduced  species  domi- 
nate the  open  areas.   This  is  in  contrast  to  what 
has  been  reported  for  the  Californian  chaparral, 
where  the  herb  cover  is  poor  (Mooney  and  others 
1977),  probably  due  to  allelopathic  effects 
(McPherson  and  Muller  1969,  Chou  and  Muller  1972). 

At  1000  m  elevation,  on  the  matorral  zone,  75 
percent  of  the  32  native  herb  species  are  peren- 
nials and  constitute  about  half  of  the  cover 
(Keeley  and  Johnson  1977).   The  annual  cover 
decreases  with  increasing  altitudes,  from  values 
of  40  percent  at  1000  m  elevation  to  2  percent  at 
2000  m,  in  the  Andes  (Martinez,  unpublished  data). 
In  general,  on  the  Andes,  the  herb  cover  is  found 
mostly  under  shrubs.   The  rocky  spaces  between 
shrubs  show  very  low  herb  density. 

The  growth  of  the  herbaceous  understory  in  all 
mediterranean  areas  along  the  altitudinal  transect 


Jl  Tech.  Rep    PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
"!riment  Station,  Forest  Service,  U.S.  Denartment  of  Asriculuire;  1982. 
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Tablp   1 — Dominar»t    species  along   the   transect  on  paLrallel    33°   South  latitude 


Species 

Family 

Life  - 

form 

Aster  haploppapus 

Compositae 

Summer 

deciduous  half-shrub 

Flourencia  thurifera 

Compositae 

Summer 

deciduous  shrub 

Baccharis  concava 

Compositae 

Evergreen  sclerophyllous 

shrub 

Peumus  boldus 

Monimiaceae 

Evergreen  sclerophyllous 

shrub 

Satureja  gilliesii 

Labiatae 

Summer 

deciduous  half-shrub 

Talguenea  quinquenervia 

Rhaimnaceae 

Thorny 

summer-deciduous  shrub 

Trevoa  trinervis 

Rhamnaceae 

Thorny 

summer-deciduous  shrub 

Colliguaya  odorifera 

Euphorbiaceae 

Semideciduous  sclerophyllous  shrub 

Baccharis  linearis 

Compositae 

Evergreen  sclerophyllous 

shrub 

Ouillaja  saponaria 

Rosaceae 

Evergreen  sclerophyllous 

shrub 

Kaqeneckia  oblonga 

Rosaceae 

Evergreen  sclerophyllous 

shrub 

Cryptocarya  alba 

Lauraceae 

Evergreen  sclerophyllous 

shrub 

Lithraea  caustica 

Anacatrdiaceae 

Evergreen  sclerophyllous 

shrub 

Porlirria  chilensis 

Zygophyllaceae 

Semideciduous  sclerophyllous  shrub 

Gochnatia  fascicularis 

Compositae 

Summer 

deciduous  sclerophyllous  shrub 

Valenzuelia  trinervis 

Sapindaceae 

Winter 

deciduous  shrub 

Colliguaya  salicifolia 

Euphorbiaceae 

Evergreen  sclerophyllous 

shrub 

Escallonia  myrtoidea 

Escalloniaccae 

Evergreen  malacophyllous 

shrub 

Kageneckia  angustifolia 

Rosaceae 

Evergreen  sclerophyllous 

shrub 

Plantago  hispidula 

Plantaginaceae 

Native 

auinual  herb 

Erodium  cicutaurium 

Geraniaceae 

Introduced  annual  herb 

Hypochoeris  radicata 

Compositae 

Introduced  annual   herb 

Fortunatia  biflora 

Liliaceae 

Native 

bulb-perennial 

Trisetobromus  hirtus 

Gramineae 

Native 

annual  herb 

Pectocarya  penicillata 

Boraginaceae 

Native 

annual  herb 

Trifolium  polymorphum 

Papjlionaceae 

Native 

rhizome-perennial 

Claurkia  tenella 

Onagraceae 

Native 

emnual  herb 

Chaetanthera  ciliata 

Compositae 

Native 

annual  herb 

Solenomelus  pedunculatus 

Iridaceae 

Native 

rhizome  perennial 

Pasithea  coerulea 

Liliaceae 

Native 

bulb-perennial 

Heleniun  aromaticum 

Compositae 

Native 

annual  herb 

Stellaria  cuspidata 

Caryophy llaceae 

Native 

annual  herb 

Loasa  triloba 

Loasaceae 

Native 

annual  herb 

Madia  sativa 

Compositae 

Native 

2uui\ial  herb 

Nasella  chilensis 

Gramineae 

Native 

rhi zone-perenni al 

Acaena  pinnatifida 

Rosaceae 

Native 

rhizome-perennial 

is   highly  variable    from   one   year    to    another,    and 
seems    to   depend   on   the    amount   and    distribution    of 
annual    precipitation    (Kummerow  and    others    1981). 
In   general,    most    of    the   vegetative   growth   in   the 
herbaceous    layer   along    the    transect    occurs    between 
winter   and   early   spring    (fig.    1).       In  midsummer 
the   annual    plants   and    the   aerial    organs    of    the 
herbaceous    perennials   are   usually   dried    up.      Leaf 
area  growth    rate   of    herbaceous    species    Is   not 
directly   correlated    with    altitude.      The   highest 
rates    (0.75   cm    /day)    are    found    In   species    located 
at    lUUO  m,    in   one    of    the   mldelevatlon   areas    of    the 
Andes.      This  may   be    due    to    the  microclimate 
offered   by    the   canopies    of    shrubs.       In   the   mld- 
elevatlon matorral    of    the   Coastal    Range,    differ- 
ences  have    been   observed    between  vegetative    frac- 
tions   of    exposea    and    protected    herbs.      Perennials 
growing   among  shrubs  have   smaller   vegetative 
fractions    than   those   under   shrubs    (Jakslc"  and 
Montenegro    1979).       hxposed    Individuals    allocate 
more   energy   to    reproductive    tissues    than    the 
protected   ones    (Hickman   and    Pltelka    1975),      The 


lowest    rates    of    leaf    area   growth   are   shown   by 
species   at    the   montane   evergreen    scrub    (0.08 
cm    /day).      Near    the    coast,    the   herb    cover    Is 
mainly    formed   by   annuals,    and    the   herbaceous 
species    reach  greater    leaf   area   rates    than   thof| 
located   at  higher   altitudes    (0.32  and   0.20   cm  >;lay 
respectively).      Annuals   usually  reach   higher   nes 
than   perennials.      Blomass    production    of    herbactus 
plants    In    the   mldelevatlon   Coastal    Range   matorj] 
varied    from    100    to    200   g  m        yr~    ,    when    preclp 
tlon  was    from   350   to   850  mm    (Montenegro   and    otl'rs 
1978).      Trlsetobromu^   hirtus,    with  a    large   numlr 
of    Individuals    per   m    ,    Is    the   most    productive 
species    In   the   herbaceous    layer,    contributing 
percent    of    the    total    blomass.      Chaetanthera 
clllata ,    less   dense,    contributes   only   2   percen  of 
the    total    blomass   of    this   stratum. 

In   rainy    years    (851    mm),    both   annuals   and 
perennials   show   significant    Increase    In   aerial: 
vegetative,    underground    vegetative,    and    reprod;- 
tlve    blomass    (Montenegro   and    others    1978).      Ho- 
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gure    1 — Phenology  of    shrub   and   herb    species, 
getatlve   growth    dZZZH);    flowering    (   ••  ) ;    leaf 
■edding    ( ).      Shaded    bars:   deciduous    shrubs 


Jr,    annuals    show  a   significant    increase    in 
jetative    fractions    in    relation    to    reprouuctive 
iction    (Jaksic   and   Montenegro    1979)    which    is    not 
iervea    in    perennials.      This   might    be    ascribea    to 
J  particular    biology    of    perennials.       Uhile 
luals   depend    for    their    growth   only   on    resources 

the   current    vear,    perennt.ils    can   eventuallv    use 

i)red    carbohvarates    synfliesized    with    resources   ol 

previous    vfar.      The    effects    are    then    likelv    to 

observed    in    the    next    growing    season. 


^ 


|kecent    studies    (Avila,    unpublished    data)    'nave 
I'Wn    that,    one    vear    after    a    fire,    the    tierb    cover 
|!S  not    increase    in   nuribor    of    species    but    in- 
ases    twice    in    biomass.      This    fincing   would    lencj 
s  ,Jort    to    the    taea    tiiat    there   are   no    alle  lop.it  li  ic 
I-  iTdcttons    between   shrubs    anu    herbs. 

Iii6 

''  ^.otj    VhuKTATluN 

'i>e   vegetattvu    growth    period    ol    shrubs    is 
/•  rter   at    h  igti    altitudes    (fit..    1).      'U    the 
''lu'sr    sites,    growth   starts    about     ;    n.onrl;^    later 
■'An  at    the    lowest.      Uater    availabilitv   and    tcr.i- 
■    P  ature   seem    to    influence   growtJi    iniriation   ant. 


APR     MAY     JUN      JUL      AUG     SEP     OCT     NOV      DEC       JAN      FEB 
w#intar  spring  sun^n^er 


and    annual    herbs;    white    bars:    evergreen   shrubs   and 
perennial    herbs.       Vertical    lines:    amount    of 
precipitation  . 


the    liitensitv    of    phenologlcal    events.      however, 
the    correlati(5n   between   phenophases    and    environ- 
ment   is    not    synchronous    for    all    species    (Kummerow 
and    others    ibcjl).      Seasonal    activitv    starts   witli 
shoot    elongation   and    development    of    leaf    area    in 
most    species,    and    with    the    development    of    flower 
buds    in   a    few  others.       In    general,    deciduous    and 
seniidec  iduous    shrubs    show   a   winter— growth    or 
spring-growtli    period,    whereas    evergreens    grow 
mainlv    in    s)>ring    or   summer.       In    some    deciduous 
species,    the    differentiation    of    buds    which    give 
rise    to    brachvb  lasts   and    flowers    occurs    in    the 
previous    ^rowing    period,    hence    onlv    buds    which 
originate   uol ichob last s    use    the    pho tosvnthates   of 
the   current    season    (hoffmann   and    Ivalker    I9b0). 
Leaf    and    brancli    shedding    of    deciduous    shrubs 
occurs    in    summer.      The    summer    deciduous   Trevoa 
trinervis    and    Ta I guenea   qu i ng u ene rv i a    slied    their 
Srachvblasts    at    tlie    onset    of    the    drought    jjeriod 
(hoffmann    1972,    uoffmann   and    Ualker    I9o(j).      This 
seasonal    leaf    and    stem    tissue    reduction    is   an 
important    factor    in    controlling    wati'r    loss    (orshan 
i'jO'i  ) .       In   other    summer    deciduous    such    as 
^luorencia    tiiur  ifera,    (..ochnatia    fasc  icular  is.    and 
S.itureja    gilliesil,    leaves    ^'fidiial  1  v   urv    up    with 
incr.-asin      (ir.nr.ht    stress,    iiut     thev    reiui  in    on    the 
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shrub  throughout  summer  and  fall.   Satureja 
gilliesli  has  been  described  as  a  poikilohydric 
plant  (Montenegro  and  others  1979c),  since  its 
leaves  are  able  to  withstand  the  drought  period, 
under  marked  dehydration,  but  they  regain  turgid- 
ity  and  probably  photosynthetic  capacity  as  soon 
as  soil  moisture  is  available.   Valenzuelia 
trinervis,  growing  on  the  montane  matorral,  is  a 
winter  deciduous. 

The  semideciduous  Colliguaya  odorifera  and 
Porlieria  chilensis  retain  their  leaves  for  one 
season;  these  leaves  are  then  gradually  shed 
during  the  following  growing  season,  as  new  leaves 
are  formed.   Maximum  leaf  ages  were  found  in  the 
evergreens  Crytocarya  alba  and  Lithraea  caustica , 
which  keep  their  leaves  for  periods  of  3  and  4 
years  respectively. 

Growth  patterns  of  the  shrubs  along  the  altitu- 
dinal  transect  have  been  studied,  using  the  fol- 
lowing methodology:   10  individuals  of  each 
species  were  monitored  in  each  altitude  site;  two 
branches  of  each  individual  shrub  were  tagged  at 
the  level  of  the  last  leaf  formed  during  the 
previous  growth  period.   The  length  of  the  newly 
formed  shoot  and  that  of  each  leaf  on  it  was 
measured  throughout  the  growth  season.   Silleptic 
shoots  arising  from  axillary  buds  of  the  current 
year  were  also  measured.   The  area  of  each  leaf 


growing  on  the  tagged  branches  was  determined  by  a 
correlation  factor  between  length  and  area 
(Montenegro  and  others  1979a) . 


The  flushing  pattern  of  most  of  the  study 
species  follows  the  classical  sigmoid  curve. 
However,  the  leaf  area  curves  of  Kageneckia 
ob longa  and  K^.  angustif olia  exhibit  two  periods 
more  intensive  growth  (Montenegro  and  others 
1979b,  Montenegro  and  Aljaro  1979).   The  time  of 
bud  burst  for  species  in  the  coastal  scrub  and  fof.J 
some  species  in  the  midelevation  matorral  in  the 
Coastal  Range  depends  mainly  on  water  availabilit 
(fig.  1).   Bud  burst  seemed  to  be  markedly 
affected  by  temperature  at  higher  altitudes,  sinc| 
most  shrubs  began  shoot  growth  within  a  relativel 
short  timespan.   Bud  break  occurred  in  a  period 
22  days  in  species  located  at  1000  m,  and  27  days 
at  2000  m.   however,  leaf  area  growth  rate  is  not 
significantly  different  in  comparisons  between 
localities  (table  2).   Species  on  the  Coastal 
Range  site  show  a  larger  leaf  area  per  shoot  and 
longer  individual  shoots  (Montenegro  and  others 
1979a,  Kummerow  and  others  1981),  but  require  a 
longer  growth  period  than  species  located  on  the 
Andean  Cordillera  sites. 


A  comparison  of  current  leaf  area  indices 
between  individuals  of  the  same  species  growing  cj 
different  sites  shows  values  significantly  highei 
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Table  2 — Net  Productivity  of  leaf  atrea  for  dominant  species  in  mid  elevation  (A),  foothill 
(B),  and   montane  (C),  matorral  zones. 


Ij 


SITE 

ALTITUDE 

SPECIES 

Total  leaf 

Rate  of  leaf 

Growth  period 

Leaf  -  area 

area/shoot 

area   grovth 

(days) 

Index 

-   2 
(cm 

) 

(cm  day) 

2   -2   -1 
m  m   yr 

A 

C. 

odorifera 

35.3  i 

21  .1 

0.23 

150 

0.72 

u 

L. 

caustica 

100.9  - 

98.0 

1  .02 

99 

0.33 

^ 

< 

K. 

oblonga 

87.2  + 

42.0 

0.74 

117 

2.04 

^ 

E 

0. 

saponaria 

40.7  + 

24.0 

0.46 

88 

1  .30 

J 

O 

T. 

quinquenervia 

16.9  + 

2.8 

0.10 

171 

1  .14 

< 
H 

en 
< 

C 
(J 

< 
< 

CO 

o 

T. 
S. 
C. 

tnnervis 
gilliesii 
alba 

22.4  + 

20.0  + 

110.4  + 

4.6 

2.3 

43.7 

0.14 
0.12 
1  .14 

156 

168 

97 

2.34 
1  .07 
3.43 

E. 

pulverulenta 

211 .2  + 

54.7 

1  .90 

120 

2.14 

CO 

B 

G. 

fascicularis 

17.16  -f 

6.36 

0.23 

73 

0.49 

.J 

E 

0. 

oblonga 
saponaria 

1 26 . 04  + 
22.33  + 

28.66 
3.41 

1.05 
0.40 

119 
55 

0.66 

0.41 

O 

o 

L. 

caustica 

4.17  *• 

0.73 

0.06 

71 

0.02 

a 

c2. 

o 

C. 

odorifpra 

15.18  + 

3.39 

.0.19 

76 

0.39 

o 

Ui 

P. 

chilensis 

3.36  + 

0.63 

0.06 

61 

0.05 

1 

W 

o 

US 

T. 

quinquenervia 

10.4  + 

1  .9 

0.18 

56 

0.74 

< 

o 
CO 

< 

E 

o 
o 

C 

V. 

angustifolia 
tnnervis 

12.02  + 
7.21  + 

5.66 
3.93 

0.12 
0.06 

98 
106 

0.60 
0.14 

u. 

l_ 

c. 

salicifolia 

27.76  + 

15.03 

0.31 

87 

1  ,80 

1  Values  correspond  to  the  area  occupied  by  the  indicated  species  and  not  to  the  commxinity  as 
a  whole. 
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:  species  of  the  Coastal  Range.  Besides  having 
Larger  amount  of  leaf  area  per  shoot,  they  have 
re  branches  that  initiate  growth. 

The  current  bioraass  index,  calculated  by  the 
ia  occupied  by  the  shrubs  (table  3)  shows  sig- 
icantly  higher  values  for  species  located  at 
her  altitudes,   however,  at  the  communitv 
el,  the  absolute  cover  decreases  with  altitude 
»n  almost  60  percent  at  the  midelevation  mator- 
(hooney  and  others  1977,  Armesto  and  Martinez 
)  to  20  percent  at  the  montane  matorral 
irtinez,  unpublished  data). 

Lithraea  caustica  has  the  lowest  biomass  index 


ible  3)  and  is  one  of  the  shrubs  which  suffers 
e  damage  from  phytophagous  insects  (Montenegro 
others  1980a,  Fuentes  and  others  1981);  but 
net  productivity  Increases  at  the  community 
el  due  to  its  high  percent  (11.1)  of  relative 
er.   Instead,  kageneckia  oblonga,  with  a  high 
imass  index,  only  reaches  3.b  percent  of  rela- 
e  cover  (>iooney  and  others  1967).   Lithraea 
Stic  a  shows  morphological  and  physiological 
.ptations  which  allow  it  to  live  throughout  the 
dity  gradient  from  equator-facing  slopes  to 
e-facing  slopes  (Mooney  and  Kummerow  1971, 
merow  and  others  1977,  Montenegro  and  others 
Ob,  Montenegro  and  others  1980c).   Kageneckia 
onga  is  found  only  on  mesic  sites. 


Although  a  large  biomass  is  allocated  to  the 
reproductive  fraction  (fig.  2),  recent  studies  (0. 
Balboa,  pers.  commun.)  have  proven  that  production 
of  seeds  can  greatly  vary  from  one  year  to 
another,  and  that  seed  viability  is  rather  low. 

These  findings  suggest  that  the  regeneration  of 
the  system  as  a  whole  depends  to  a  great  extent  on 
vegetative  reproduction. 

The  data  on  growth  rate  and  net  productivity 
suggest  that  the  montane  matorral  could  be  the 
most  vulnerable  community  along  the  gradient. 
Recent  studies  (Aljaro  and  Montenegro,  unpublished 
data)  have  shown  that,  due  to  frequent  defoliation 
and  browsing  by  goats,  the  productivity  of  some  of 
the  species  of  these  communities  has  decreased 
significantly.   In  management  practices,  the 
timing  and  intensity  of  grazing  might  well  be 
adjusted  to  vegetative  or  reproductive  periods. 
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Table  3 — Net  Biomass  productivity  for  dominant  species  in  the  mid  elevation  (A),  foothill  (B), 
and  montane  (C)  matorral  zones. 


SITE 

ALTITUDE 

SPECIES 

Gram 

Dry  veight 

of  Average  Shoots 

Biomass  index 

-2    -1 
g  m   yr 

Shrub  cover 

Leaves 

Stems 

Reproductive 
Structures 

Relative 
percent 

A 

C. 

odorifera 

0.41 

■«• 

0.18 

0.09 

■»■ 

0.03 

0.57 

■f 

0.48 

114 

7.10 

L. 

caustica 

1  .25 

■f 

1  .23 

0.32 

+ 

0.39 

0.42 

•f 

0.43 

65.4 

11.10 

K. 

oblonga 

1.83 

••• 

0.38 

0.48 

•♦■ 

0.33 

0.17 

•f 

0.08 

580.9 

3.66 

CO 

< 

< 

E 

O 
O 

o 

0. 
T. 
T. 
S. 
C. 

saponaria 

quinquenervia 

trinervis 

gilliesii 

alba 

0.46 
0.22 
0.13 
0.28 
1  .07 

>• 
•f 
■♦■ 
+■ 
+ 

0.33 
0.03 
0.16 
0.12 
0.61 

0.06 
'0.28 
0.17 
0.35 
0.18 

•f 
■»■ 

■f 
♦ 

0.05 
0.06 
0.27 
0.29 
0.12 

0.41 
0.21 
0.03 
0.30 

0.11 

••• 

0.18 
0.02 
0.02 
0.06 
0.01 

298.7 
480.6 
345.6 
268.1 
422.8 

0.54 

0.10 

8.47 

13.27 

28.32 

E. 

pulverulenta 

3.05 

••• 

0.78 

0.80 

+ 

0.50 

1  .34 

* 

0.94 

82.6 

B 

G. 

fascicularis 

0.37 

♦■ 

0.22 

0.52 

+ 

0.  14 

0.43 

+ 

0.22 

384.9 

27.13 

K. 

oblonga 

1  .08 

♦ 

0.53 

0.21 

♦• 

0.11 
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1  Shrub  -ov.-r  .i.it.i  for  Sar.ta  Laura  after  Moor.ey  and  others  1 577  and  for  the  Andean  Cordillera  sites 
M.\rtinez  unpublished  data. 
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Figure  2 — Relative  percent  of  current  biomass  for 
shrubs  in  every  study  site.  Shaded  bars:  vegeta- 
tive fractions;  white  bars:  reproductive  fraction. 
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The  Relation  Between  Root  and  Shoot 
Systems  in  Chaparral  Shrubs^ 


Jochen  Kummerow- 


The  purpose  of  this  paper  is  to  analyse  the 
growth  relations  between  root  and  shoot  systems  of 
chaparral  shrubs.  Data  from  the  literature  and 
results  from  our  own  experiments  will  be  used  to 
demonstrate  the  plasticity  of  the  root:shoot  bal- 
ance of  chaparral  shrubs. 

Traditionally,  the  relation  between  roots  and 
shoots  has  been  described  by  root/shoot  biomass 
ratios,  and  values  ranging  from  0.3-4.9  for  non- 
sprouting  and  stump  sprouting  shi^ubs  respectively 
have  been  obtained  (Miller  and  Ng  1977,  Hoffmann 
and  Kummerow  1977,  Kummerow  and  Mangan  1981).  The 
large  ratios,  common  to  stump  sprouters,  derive 
primarily  from  the  mass  of  burls  ( =1 ignotubers  or 
root  crowns)  which  are  massive  woody  organs  dev- 
eloped from  hypocotyl  and  root  crown  tissue.   It 
is  difficult  to  demonstrate  annual  increases  in 
size  or  biomass  of  older  burls  and  aging  such 
structures  has  been  possible  only  by  using  ^^C 
methodology  with  a  relatively  wide  margin  of  error 
(Hanes  1965).  Thus,  in  spite  of  their  large  bio- 
mass, studies  of  older  burls  have  not  contributed 
much  information  to  our  understanding  of  the 
seasonal  growth  dynamics  of  root  systems.  A  sim- 
ilar argument  is  valid  for  larger  roots  and  stems. 
That  is,  as  important  as  their  functions  may  be, 
these  organs  do  not  visibly  reflect  short  term 
changes  in  the  physical  environment.  A  different 
approach  is  needed. 
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Abstract:   Purpose  of  this  study  was  to  determine 
the  balance  between  root  and  shoot  growth  in  chap 
arral  shrubs.  Under  controlled  conditions  with 
ample  water  and  nutrient  supplies,  growth  of  root 
and  shoots  continued  exponentially  for  5  months 
In  contrast,  in  the  field  shoots  had  flushing  per 
iods  in  the  spring,  lasting  31-69  days.  Fine  roc 
growth  however  extended  over  5-7  months.  Fine 
root  surface  area  and  leaf  area  per  shrub  were 
estimated  for  different  environmental  conditions 
It  was  found  that  increasing  water  stress  produce 
higher  fine  root  surfacerleaf  area  ratios. 
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1957,  Margaris  1976,  Hoffmann  an 
Montenegro  and  others  1979,  Krug 
cally,  a  growth  flush  lasting  3 
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ROOT  AND  SHOOT  PHENOLOGY  OF  CHAPARRAL  SHRUBS 


Individual  shrubs 
Lindl  . ,  Adenostoma  fasc 
greggii  vjr. perpl exans 
ovata  Wats,  were  select 
of  stem,  leaf,  and  fine 
area  was  confined  to  ou 
at  1000  m  elevation  abo 
in  San  Diego  County,  Ca 
Pacific  Ocean.  Climati 
on  this  mixp^  chaparral 
previously  (Mooney  1977 
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formulas . 
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Growth  curves  of  the  shoots  show  the  char-  g 
acteristic  sigmoid  form  which  has  been  demon  strafed' 
earlier  for  the  California  chaparral  and  Chilear 
matorral  (Kummerow  and  others  1981).   Duration  c 
the  flushing  period,  leaf  area  per  shoot,  shoot 
length,  and  the  rates  of  leaf  area  and  stem  grovlh, 
showed  significant  differences  between  species 
(Table  1). 

I 
Adenostoma  fascicul  atum  developed  a  relativf 

ely  small  leaf  area  (2.5  cm^  per  shoot  when  com- 
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Table  1.  Leaf  area  per  shoot,  growth  rates,  shoot  length,  and  the  length  of  growth  periods  of  four 
chaparral  shrub  species  at  Echo  Valley.  Growth  rates  with  the  same  letters  are  not  statistically 
different  (ANOVA).  The  rates  are  calculated  on  the  basis  of  the  entire  growth  period  (Kummerow  and 
others,  1981). 


Leaf  area 

Rate  of  leaf 

Mean  shoot 

Rate  of  shoot 

Date  of  growth 

Duration 

per  shoot 

area   growth 
cm2  d-1 

length   in  season 

elongation 

initiation 

of  growth 

cm2 

cm 

cm  d-1 

days 

Adenostoma 

2.5   +  0.45 

0.03  +  0.01a 

5.2  +  1.70 

0.09  t  0.03ab 

09  April 

69  t  26 

fasciculatum 
n   =  7 

Arctostaphylos 

33.0  t  6.50 

0.82   ±  0.136 

6.9  +  1.24 

0.13  t  0.026 

30  April 

48  !  4 

glauca 

n   =  17 

Ceanothus 

7.9  t  1.52 

0.12  !  0.02c 

4.2  +  0.83 

0.06 :;:  o.oia 

12  April 

68   !  4 

greggii 

n   =  20 

Rhus 

43.5  +  24.05 

1.19  +  0.43bc 

2.9  +  1.18 

0.08  +  0.06ab 

06  June 

31    !5 

ovata 

n  =  6 

'ared  with  the  other  3  species.  The  shrub  with 
he  highest  value  was  Rhus  ovata  with  43.5  cm^ 
eaf  area  per  shoot.  This  difference  is  due  in 
arge  part  to  differences  between  species  with 
espect  to  the  number  of  shoots  per  ni'^  of  shrub 
olume  (944  +  533  in  A.  fasciculatum,  97  J:  92  in 

ovata) .  It  should  be  pointed  out  that  leaf 
rea  index  measurements  of  the  same  site  gave 
alues  of  1.9  for  both  species  (Mooney  and  others 
977).  The  situation  is  further  complicated  in 

fasciculatum,  because  of  the  short  shoot  or- 
anization  of  this  species.  New  foliage  is  not 
imited  to  current  year's  growth.  Short  shoots 
emain  active  and  produce  leaves  on  2-8  year-old 
ranches  (Jow  and  others  1980).  Of  special  in- 
'erest  for  our  comparison  of  the  duration  of 
hoot  and  root  growth  is  that  the  growth  flush 
or  A.  fasciculatum  had  a  duration  of  69  +  26 
ays  vs.  31  +  5  of  R.  ovata  (Table  V).  This  then 
auses  the  data  in  Table  1  to  be  somewhat  mis- 
eading  as  the  total  growth  increment  of  the 
eason  was  divided  by  the  number  of  days  of  the 
rowth  flush.  Nevertheless,  a  comparison  of  the 
eaf  area  produced  by  one  shoot  during  the  week 
f  most  rapid  extension  growth  does  not  change 
he  order  of  the  four  shrub  species.  In  R.  ovata 
'  maximum  of  8.4  cm^  of  leaf  area  per  shoot  was 
reduced  in  one  week  compared  to  5.7,  0.9,  and 
.3  cm^  in  A.  glauca,  £.  greggii , and  A. 
■ascicul  atum  respectively. 

f        Our  knowledge  regarding  the  phenology  of 
Oct  growth  is  more  limited.  The  seasonality  of 
econdary  growth  for  larger  roots  has  been  docu- 


mented in  central  Chile  (Riveros  de  la  Puente 
1973),  and  it  is  assumed  that  data  from  other 
mediterranean  type  ecosystems  would  be  similar. 
Year  ring  widths  in  stems  and  large  roots  were 
strongly  correlated.  Fine  roots  in  the  chaparral 
also  show  clear  seasonal  trends  (fig.  1).  These 
data  were  obtained  from  soil  core  analyses  and 
thus  are  based  on  large  rootlet  populations  rather 
than  being  derived  from  non-destructive  observa- 
tions as  are  possible  with  individual  shoots. 
Nevertheless,  the  data  demonstrate  that  in  April 
and  May  fine  root  growth  increased  rapidly;  in 
June  and  July  the  values  remained  on  a  high  plat- 
eau and  declined  in  August.  The  fact  that  an  un- 
usual rainstorm  at  the  end  of  August,  1976,  with 
33  mm  of  precipitation  produced  a  significant  in- 
crease of  rootlet  growth,  perhaps  reflects  a  soil 
moisture  limitation  in  the  ecosystem.  A  compar- 
ison of  the  duration  of  shoot  and  root  growth  of 
our  four  shrub  species  demonstrates  the  main  dif- 
ferance  between  the  growth  of  shoot  and  root  sys- 
tems.  Rootlet  growth  continued  for  5-7  months 
while  shoot  growth  lasted  only  4-9  weeks  (fig.  2). 


In  order  to  circumvent 
of  root  studies  in  the  field 
formation  on  root  dynamics, 
to  grow  chaparral  shrubs  hyd 
optimum  conditions.  Such  a 
monitoring  growth  rates  of  t 
taneously  with  leaf  area  inc 
of  such  an  experiment  might 
strate  the  equilibrium  in  th 
shoots.  It  is  understood  of 


the  destructive  nature 
and  obtain  more  in- 
it  seemed  justified 
roponically  under  near 
technique  would  allow 
he  root  system  simul- 
reases.  The  results 
be  expected  to  demon- 
e  growth  of  roots  and 
course  that  the 
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Figure  1--Seasonal    changes   in   fine   root  biotnass  of 
2  chaparral    shrub  species.      Note  the   increasing 
amount  of  dead   fine  roots    in   summer  and  autumn. 
Each  column  represents  a  mean   value  of  12  soil 
cores   of  125  cm^  each    (after   Kummerow  and   others 
1978). 


Arctos^Qphylos 


Rhus 


Figure  2--Timing  and  duration  of  shoot  growth 
(thick  line)  and  fine  root  growth  (fine  line)  of 
4  chaparral  shrubs.   Initiation  and  end  of  fine 
root  growth  not  as  well  defined  as  shoot  growth 
(dashed  1 ine) . 


results  from  such  an  experiment  cannot  be  applied 
directly  without  further  work  under  field  con- 
ditions . 

Fifteen  2-months  old  seedlings  of  A. 
fasciculatum  were  selected  from  heal thy~nursery 
stock.  Twelve  were  cultivated  individually  in  14 
1  plastic  buckets  with  aerated  standard  Hoagland 
solution.  The  remaining  3  plants  were  potted  and 
grown  in  a  sand-peat  moss  mixture.  The  nutrient 
solutions  were  changed  every  2  weeks  and  the 
potted  plants  were  irrigated  and  fertilized  at 


appropriate  intervals  to  avoid  water  and  nutrien 
stress.  Over  the  5  months  experimental  period  a 
plants  were  maintained  under  controlled  environ- 
mental conditions  at  16  h  light.  25  C  and  8  h  di 
20°C.  Light  intensity  was  800  I  60  yE  m'^  sec"! 
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Root  volumes  and  leaf  areas 
for  each  plant  at  two  week  inter 
volumes  were  obtained  by  water  d 
adequately  sized  glass  cylinders 
were  determined  by  measuring  sho 
using  an  allometric  formula  for 
version  into  leaf  area. 


were  determined 
vals.  The  root 
is  placement  us  in 
.  The  leaf  area* 
ot  lengths  and 
shoot  length  con 


The  two  computer  fitted  reg 
(fig.  3)  represent  the  leaf  area 
increases.  They  document  the  co 
ential  growth  of  the  two  plant  c 
fact  that  the  regression  line  fo 
shows  a  greater  slope  than  the  o 
increase  is  irrelevant  in  this  c 
area  is  not  quantitatively  compa 
In  the  framework  of  our  theme  it 
that  root  and  shoot  system  grew 
balanced  way  over  the  five  month 
period.  The  root/shoot  biomass 
of  the  experiment  for  the  soluti 
reached  a  value  of  0.52  t  0.3  (n 
0.5  (n=3)  for  the  sand-peat  moss 
This  means  that  the  ratio  of  roo 
had  not  been  altered  by  the  grow 


ression  lines 

and  root  volum 
ntinuous  expon- 
ompartments.  J\ 
r  root  growth 
ne  for  leaf  arej 
ontext,  because 
red  with  a  vol  un 

is  significant 
continuously  in 

experimental 
ratios  at  the  erlBjit 
on  grown  plants 
=12)  and  0.53  t 

grown  plants, 
t/shoot  biomass 
th  substrates. 


THE  INFLUENCE  OF  SOIL  MOISTURE  ON  FINE  ROOT 
SURFACE  AREAS 

The  role  of  root/shoot  biomass  ratios  and 
their  limitations  regarding  interpretation  of 
growth  dynamics  in  arid  areas  have  been  discussj 
(Barbour  1973).   It  has  also  been  shown  that  un|r 
controlled  conditions  the  physical  character  of 
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ure  3--Root  volume  and  leaf  area  growth  in  2- 
th  old  Adenostoma  fasciculatum,  cultivated  in 
iated  nutrient  solution.  Each  data  point  rep- 
ents the  mean  of  roots  and  leaves  from  12 
'nts. 


root  environment  did  not  influence  root/shoot 
ios  as  long  as  nutrients  and  water  were  not 
iting.  Since  chaparral  shrub  growth  has  fre- 
ntly  been  considered  as  water  and  nutrient 
ited  (Hellmers  and  others  1955,  Vlamis  and 
|ers  1954,  Vlamis  and  Gowans  1961),  it  appeared 
be  of  interest  to  test  the  hypothesis  that  the 
t  systems  of  chaparral  shrubs,  exposed  to  var- 
le  degrees  of  water  stress,  should  be  more  ex- 
sive  than  those  from  an  environment  without 
er  stress.  However,  it  would  be  difficult  to 
t  such  an  hypothesis  when  one  considers  the 
el  of  accuracy  which  can  be  obtained  from  field 
ervations.  Further,  root  systems  of  young 
idlings  may  have  growth  patterns  different  from 
se  of  older  plants  and  larger  roots  with  sec- 
ary  growth  and  their  large  biomass  may  well 
Duflage  changes  in  the  biomass  of  fine  roots, 
overcome  these  difficulties  at  least  in  part 
was  decided  to  assess  fine  root  densities  and 
fine  root  surface  area  of  container  grown 
parral  shrubs  and  relate  the  estimated  absorb- 
I  root  surfaces  with  the  leaf  area  of  the  res- 
tive shrub.  This  ratio  would  allow  for  a  com- 
Jiison  of  shrubs  of  heterogenous  sizes  and  relate 
:l  C02-Fixing  leaf  area  with  the  nutrients  and 
'ler  absorbing  root  surface. 

I  Redwood  boxes,  75  cm  high,  60  cm  wide,  and 
J'cm  deep,  filled  with  a  fertilized  sand-peat 
lis  mixture,  were  planted  in  March  1976,  with  1.5 
''f"  old  Adenostoma  fasciculatum,  Arctostaphylos 
Ijca  and  Yucca  whippl ei .  Six  of  these  redwood 
lies  were  placed  in  a  relatively  shaded  area  and 
*ered  frequently,  thus  simulating  a  moist  ravine. 
I^'ee  boxes  were  fully  sunexposed  and  watered  only 
"In  wilting  symptoms  became  visible.  The  last 
f'T  boxes  were  transported  to  the  Echo  Valley 
f"  earch  area  and  placed  into  a  ditch  excavated 


for  this  purpose.  After  sinking  these  boxes  into 
the  ditch  the  plants  were  level  with  the  original 
soil  surface;  empty  spaces  between  the  boxes  and 
the  ditch  were  filled  with  the  excavated  soil.  No 
rain  fell  between  March  and  October  but  these  boxes 
were  watered  three  times.  Presumably  these  plants 
experienced  severe  water  stress  as  only  two  sur- 
vi  ved. 

Between  October  25  and  November  10,  1976,  all 
the  plants  were  harvested.  The  leaf  area  (LA), 
as  well  as  leaf  and  stem  biomass  were  recorded  for 
each  shrub^.  The  total  root  mass  was  extracted 
from  the  redwood  boxes  and  separated  into  fine 
roots  (diam.  <1 .0mm)  and  larger  roots.  A  repre- 
sentative sample  of  the  fine  roots  was  separated 
visually  into  suberized  and  non-suberized  roots. 
For  the  estimate  of  "absorbing"  fine  root  surface 
(FRSA)  only  whitish  and  light  brown  fine  roots 
were  considered.  This  distinction  is  somewhat 
arbitrary  since  suberized  roots  can  absorb  water 
(Kramer  and  Bullock,  1966).  The  mean  diameter  of 
the  unsuberized  fine  roots  was  measured  and  the 
length  of  1  g  fresh  weight  of  these  rootlets  was 
estimated  by  the  line  intersect  method  of  Newman 
(1966)  as  modified  by  Tennant  (1975).  This  est- 
imate was  used  to  calculate  the  unsuberized  fine 
root  surface  area.  Although  the  number  of  ana- 
lyzed shrubs  was  too  small  for  far  reaching  con- 
clusions a  trend  was  evident:  With  increasing 
aridity  of  the  rooting  medium  the  FRSA:LA  ratio 
increased  (fig.  4).  These  results  could  be  inter- 
preted to  mean  that  under  water  stress  relatively 
more  carbohydrate  is  allocated  to  the  fine  root 
system. 


THE  EFFECT  OF  PERTURBATIONS  ON  SHOOT  AND  ROOT 
GROWTH  OF  CHAPARRAL  SHRUBS 

Abundant  information  regarding  the  effect  of 
major  perturbations  such  as  burning,  browsing,  or 
fertilizer  application  has  been  accumulated 
(Mooney  and  Conrad  1977).  However,  this  inform- 
ation refers  to  the  above  ground  plant  parts  and 
the  effect  of  these  disturbances  on  the  root 
systems  remains  unstudied. 
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Figure  4--Root  surface/leaf  area  ratio  in  3  chap- 
arral shrubs  cultivated  under  3  different  watering 
regimes.  The  column  of  Arctostaphylos  at  the 
humic  site  represents  the  mean  from  3  plants 
(range  of  the  ratio  4.7-5.9)  and  1  plant  each  from 
the  mesic  and  the  arid  site.  Yucca :  2  plants  at 
the  humid  site  (range  3.3-4.2)  and  1  plant  at  the 
arid  site.  Adenostoma :  1  plant  each  at  the  humid 
and  the  mesic  site. 


from  burls  insure  permanence  o 
site.  These  burls  can  reach  c 
substantial  amounts  of  non-str 
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cent  to  9  percent  TNC  for  Aden 


and  Rhus  ovata  respectively  we 
dumosa  burls  with  15  kg  dry  we 
the  biomass  of  the  aboveground 
are  by  no  means  exceptional  (K 
1981).  Thus,  adequate  amounts 
sprouting  shoots  after  fire  wo 
able.  However,  the  question  r 
the  original  root  system  survi 
only  assume  that  the  surface-c 
be  killed  by  fire  while  deeper 
tected  from  excessive  heat,  ca 
carbohydrate  has  been  shown  to 
shrub  survival  after  shoot  des 
Laude,  1960).  Thus,  fire  at  a 
stored  will  be  more  destructiv 
with  high  amounts  of  TNC  in  bu 
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Partial  destruction  of  shoot  systems  by 
browsing  deer  or  cattle  or  by  insect  predation 
should  be  considered  in  the  same  line  of  thought. 
If  the  severed  shrub  has  enough  TNC  accumulated, 
reduction  of  the  leaf  area  can  be  buffered  by  TNC 
reserves.   If  these  reserves  are  low  and  damage  to 
the  shrub  is  extensive,  reduction  of  the  absorbing 
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root  surface  may  result.   Experiments  with  hydn 
ponically  grown  Ceanothus  tomentosus  seedling 
plants  showed  that  pruning  of  1/2  and  3/4  of  t\\u^ 
shoot  system  resulted  in  a  significant  decrease 
of  root  system  development^.  These  observation; 
are  supported  indirectly  by  results  from  root 
pruning  experiments  which  established  in  all 
cases  the  close  interdependence  of  root  and  shop, 
systems  (Buttrose  and  Mull  ins  1968,  Raper  and 
others  1978). 

jilO( 

A  special  case  of  disturbance  is  chaparral  |;. 
fertilization.  The  growing  influx  of  permanent]  ;(r( 
residents  and  visitors  into  the  seasonally  dry 
mountain  areas  of  southern  California  has  creat 
deficiencies  in  waste  disposal  systems  and  the 
potential  of  waste  water  use  for  chaparral  fert 
ization  for  biomass  harvesting  has  been  tested 
(Youngner  and  others  1976).  A  fertilizer  exper 
ment  with  conservative  doses  of  nitrogen  and 
phosphorus,  80  kg  and  40  kg  ha"^  respectively, 
produced  significant  aboveground  shrub  biomass 
increase.  Unfortunately,  corresponding  values 
the  belowground  vegetation  could  not  be  analyz  ^ 
However,  it  follows  from  the  data  shown  by  Turr| 
(1926)  and  Shank  (1945)  that  increasing  amount 
of  nitrogen  and  phosphorus  reduced  significant! 
the  root/shoot  ratios  of  various  crop  plants 
The  complex  effect  of  fertilizer  addition  to  c 
arral  becomes  especially  evident  when  observat 
include  the  herbaceous  vegetation.  Annuals  ab 
sorbed  a  substantial  fraction  of  the  applied  f( 
tilizer,  thus  competing  successfully  with  the 
woody  vegetation^.  Thus  we  can  but  speculate 
that  fertilizer  addition  to  chaparral  may  redui 
the  fine  root:leaf  area  ratios  in  shrubs.  Exp 
mental  work  has  to  be  done  to  test  the  hypothe 
that  fertilized  shrubs  would  be  exposed  earlie 
to  water  stress  with  increasing  summer  drought 
than  unfertilized  plants. 


CONCLUSIONS 

Interpretation  of  chaparral  growth  dynami 
requires  consideration  of  both  shoot  and  root 
growth.  Growth  occurs  in  seasonal  flushes  wit 
shoot  growth  lasting  only  a  fraction  of  the  ti 
of  seasonal  root  growth.  Growth  in  chaparral 
limited  by  water  and  nutrients.  With  increasi 
water  and  nutrient  stress  the  relative  allocat 
of  carbohydrates  to  the  fine  root  system  prob 
increases.  Fertilizer  application  to  the  chap 
arral  produces  increased  aboveground  biomass  t; 
may  decrease  the  relative  carbohydrate  allocaton 
to  the  root  system.  Thus,  biomass  increase  wii 
fertilizer  may  result  in  shrubs  with  high  wate 
loss  through  transpiration  and  a  relatively  snll 
fine  root  system.  Such  an  imbalance  of  leaf  eea 
and  fine  root  surface  area  may  result  in  less|: 
drought  resistent  chaparral  shrubs.   ExperimerJal 
work  is  needed  to  test  this  hypothesis. 
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Plant  Population  Interactions  and 
Management:  A  Summary^ 

Philip  C.  Miller- 


Vegetation  changes,    which   have   taken  place    In 
biedlterranean   regions    because    of   man's    Influence, 
have    occurred    because    of    Interactions    between 
changeG    fire    frequencies    and    introduced    i>lant    and 
animal    species    on   one   hand    and    plant    demographic 
anu    species    growth    properties    on    the   other.      The 
clarif  icatlon   of    these    interactions    will    jjlace    the 
preuiction   of    the    long-term    impacts    of    man's 
activities    on    the   vegetation   of   >ied  1  terranean 
regions   on   a    more    scientific    basis.       Species 
caiiposltion   uepenus    uu   sc'eu    ge  n,i  inat  Ion  ,    tlie 
increasing    nu.iber    of    shoots    on    the    indlviaual 
plant,    uevelopr.ient    of    reprouuctive    shocjts,    and 
patterns    of    growth    anu    ueatii    of    the    inuividual 
shoots.       These    processes    t.ike    jilace    wit'iin    the 
season.il    riiythr.i    ol     the    ;  jeti  1  ter  ranean-t  vpe    cliicite 
with    Its    cool,    v.'e  t    winters    and    iiDt,    c.  rv    .-.vii.iiers 
anu    with    low    nitrogen   ana    pliosphorus    availaijili- 
t  Les. 

Til..-    pa(;er    by   iiarilvn    1-ox    reviewed    the    changes 
in    tlie    ve^^etatlun    of    tlie    1  leu  i  ter  ranean    regions    of 
(vustr.ili.i    troia    betori'    Luropeau    settlement    tlirough 
thr    cegraija  t  ion    ol     the    natural    vegetation    under 
agricultural    pr.ictices,    with    mtrouuced    species, 
anu    altered    fire    regimes.      Tlie    paper    presented    a 
cas(;    stuav   ol    vegetation   change    in   a   rieulterra- 
nean-tvpe    rej^ion. 


1 
1  resenteu    at    the    byr.ii)OS  Luni    on    l^vnamics    ano 

lanagi.'i.ient    ot    .'leo  1  ter ranean-t vpe    i.cosyster.iS  ,    June 

-^-Jt-,    ibbl  .    ban    blego,    Laliforni.i. 


"bvstens    i.cologv    ivesearch    t.ruup 
btati.'    Lii  i\'e  rs  1  tv  ,    ban    .-lego,    talif 


lego 


Ired    Kruger's    paper,    which    Is    based    on   expert 
meats    in   the   Cape    Fynbos    of    Soutli    Africa,    devcl 
oped    the    i)atterns    of    the    Influences    of    fire    fre- 
quency   on   vegetation   composition.       Frequent    fire 
can   eliminate   certain   seeding    shrubs    wtiich    have 
long    growth    periods    before    they    reach    the    age    of 
reproduction.       Infrequent    fires    can   also    elimlna 
certain   shrubs    where    senescence    in    some   species 
results    In    less    production   or    lower    quality   of 
seeds    that    need   a    fire    before    release   or    germlna 
tion.      Kruger    pointed    out    the    need    for    research 
the    demography    of    seed    production   and    on    the 
dynamics    of    soil    and    canopy   seed    pools. 

The  paper  by  Paul  Zedler  developed  the  liiipor- 
tance  of  the  demographic  patterns  of  seed  producjil! 
tion.  This  p.iper  also  emphasl7.ed  the  role  of  se 
dispersal  and  the  size  of  individual  disturbance  is 
in  affecting  the  long-term  species  composition 
following  several  disturbances.  Jon  and  Sterlln 
keeley's  paper  dealt  with  the  controls  of  the 
germination  of  herbs,  which  characteristically  a 
abundant  in  Californian  chaparral  for  only  a  she 
period  after  a  fire.  The  growth  of  tlie  plant 
Involves  the  [ilant  as  a  physiological  unit  ami  t 
seasonal  dynamics  of  growth,  reproduction,  and 
death.  Gloria  I'lontenegro  and  co-workers  review 
the  phenology,  growth  dynamics,  net  productlvltv 
and  mortality  of  shrubs  and  herbs  of  the  Chilear 
matorral.  Finally,  Jochen  Kummerow  described  tl 
functional  balance  between  root  and  shoot  growth 
in  chaparral  shrubs  and  how  the  balance  changes 
with    water    stress. 

The  papers  taken  together  demonstrate  new  anc 
Imijortant  areas  of  research  needed  to  predict  mc 
precisely  the  long-temi  effects  of  management  or 
the  vegetation  of  iied 1 ter ranean  regions.  An 
ir..portant  topic  omitted  in  much  of  the  llteratui 
on  Mediterranean-type  ecosystems  Is  the  denograj 
of  shoots  on  the  Individual  slirub,  a  domain  whl( 
links  tiie  growth  measurements  with  whole  plant 
denog.raphv.  The  modeling  of  demographic  and 
physiological  concepts  should  be  completed  as  S( 
as  pos.sihle  anu  should  add  completeness  to  the 
understanding  of  the  tlynamic.s  and  management  of 
:  led  i  ti'  r  raneari-t  vpe    ecijsvs  tenis  . 
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irvesting  Chaparral  Biomass  for  Energy — An 
ivironmental  Assessment' 


ilip  J.  Riggan  and  Paul  H.  Dunn" 


Abstract:   Age-class  management  techniques  for  the 
California  chaparral  are  being  developed  to  reduce 
the  incidence  and  impacts  of  severe  wildfires. 
With  periodic  harvesting  to  maintain  mosaics  in 
high  productivitv  areas,  chaparral  fuels  mav  also 
provide  a  locally  important  source  of  wood  energy. 
This  paper  presents  estimates  for  biomass  in 
chaparral;  discusses  the  potential  impacts  of 
harvesting  on  stand  productivitv,  composition,  and 
nutrient  relations;  and  suggests  directions  for 
future  research. 


■Management  techniques  for  chaparral  are  being 
t'eloped  to  reduce  the  incidence  and  sever itv  of 
l.dfire,  minimize  the  associated  flooding  and 
[iris  production,  and  enhance  watershed  resource 

ues .   One  Important  technique  Is  the  periodic 
fi  of  harvesting  or  prescribed  fire  to  maintain  a 
..rse  mosaic  of  different-aged  stands  of  chap- 
ral ,   These  mosaics  break  up  large  areas  of 
fvy  fuel  accumulation  and  maintain  a  substantial 

a  of  chaparral  In  a  young,  productive  state, 
t   probability  of  large.  Intense  wildfires  and 
i  accompanying  adverse  fire  effects  are  reduced 
Kause  fire  spread  is  considerably  retarded  in 
'(ng  stands  with  their  low  dead  fuel  volume 
;ithermel  and  Philpot  1973,  Phllpot  1974, 
'.lintryman  1974).   Furthermore,  harvesting  in  high 
tiiductivlty  areas  allows  the  use  of  energy  accu- 
Rated  in  native  fuels  and  could  provide  a 
tally  Important  alternative  source  of  energy. 


PARRAL  BIUMASS 

Considerable  amounts  of  potential  energy  are 
i5ent  in  the  biomass  of  some  chaparral  communl- 
ii.   biomass  in  mature  Adenostoma  -  Ceanothus 
tids  Is  as  high  as  50  MT/ha  with  average  accumu- 
a  on  rates  of  0.8  to  1.2  HT/ha-yr  (table  1). 
i  ler  biomass  accumulations  are  found  in  Quercus 
■U'sa  stands  on  north-facing  slopes  (fig.  1), 
ti  e  biomass  as  high  as  100  MT/ha  has  been 
>  rved  (Lisle  Green,  pers.  commun.).   Biomass  in 
Ire  (age  greater  than  25  years),  north-facing 
i£us -dominated  chaparral  is  commonly  in  the 
» e  of  45  to  60  MT/ha.   If  the  biomass  on  the 
I,  er  quality  sites  is  harvested  on  a  rotational 
'■s,  a  substantial  source  of  energy  could 
-It.   With  an  energy  content  of  5  kcal/gm  and 
i'ass  of  50  MT/ha,  a  1-ha  stand  contains  the 
>'gy  equivalent  of  182  barrels  of  oil  (assuming 

X  10  kcal/barrel  [Zavltkovski  1979]).   On 
'  basis,  400  ha  (1000  acres)  of  chaparral  has 


Presented  at  the  Symposium  on  Dvnamics  and 
i^ement  of  Medi terranean-tvpe  Ecosvstems,  June 
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>oil  Scientist  and  Microbiologist,  respec- 
^^y.  Pacific  Southwest  Forest  and  Range  Lxperi- 
'  Station,  Forest  Service,  U.S.  Department  of 
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a  gross  energv  equivalent  value  of  $2  million 
(assuming  $30/barrel) . 

Chaparral  harvesting  is  being  considered  as  a 
management  technique.   Systems  for  the  production 
of  chaparral  wood  fuel  products  have  been  pro- 
posed, and  a  transportable  wood  densi f ication  unit 
Is  being  developed  under  contract  from  the  Cali- 
fornia Department  of  Forestrv,   This  unit  will  be 
used  for  demonstrations  using  both  chaparral 
biomass  and  industrial  wood  wastes  to  produce  a 
compact  product  that  is  suitable  as  a  charcoal 
substitute  or  an  industrial  fuel. 

An  engineering  feasibility  study  has  shown  that 
the  cost  of  harvesting  and  processing  chaparral 
fuels  using  existing  technology  Is  prohibitive 
(Rilev  and  others  1980),   The  market  for  chaparral 
fuel  products  is  also  limited  because  other  wood 
wastes  are  more  readilv  available  and  few  indus- 
trial plants  can  use  wood  fuels  (J.  A.  Miles, 
pers.  commun.).   However,  alternative  technologies 
have  been  proposed,  including  a  mechanical  har- 
vester to  cut  and  windrow  the  chaparral,  a  cable 
yarder  for  collection  (Miles  and  Moini  1980),  and 
a  compactor  for  producing  a  transportable  product 
(Miles,  pers,  commun.),  and  these  could  improve 
the  economics  of  harvesting.   The  energv  costs  of 
producing  a  fuel  product  from  chaparral  biomass 
are  also  favorable,  since  only  17  percent  of  the 
gross  energy  content  is  consumed  during  harvesting 
and  initial  processing  (Riley  and  others  1980). 
If  the  economics  of  harvesting  are  improved  and 
svstems  for  using  other  wood  fuels  are  developed, 
opportunities  for  using  chaparral  biomass  may  be 
reali  zed , 

Management  of  larger  hardwood  fuels,  such  as 
stands  of  Quercus  chrysolepi s ,  could  also  provide 
a  highlv  desired  source  of  firewood,   Currentlv, 
the  National  forests  are  able  to  supplv  onlv  a 
small  fraction  of  the  firewood  demand  in  southern 
California.   For  example,  the  Mt ,  Baldv  Ranger 
District,  Angeles  National  Forest,  receives  about 
3000  annual  requests  for  wood  permits  and  issues 
about  400,  while  commercial  operators  market  oak 
firewood  at  $150  to  $300  per  cord.   A  harvesting 
svstem  designed  around  such  labor-intensive  and 
less  technological  uses  of  wood  energv  could  be 
feasible  in  southern  California. 

As  research  and  demonstration  of  engineering 
and  operational  techniques  for  utilizing  chaparral 
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Table  1 — Blomass  accumulations  In  mature  chaparral  stands 


Location 


1 ,  San  Dimas 

Los  Angeles  Co 


2.  Kitchen  Creek, 
San  Diego  Co- 

3.  Boulder  Creek, 
San  Diego  Co. 

4.  Santa  Barbara  Co 


5-  Santa  Barbara  Co. 


6.  Camp  Pendleton, 
San  Diego  Co. 

7.  North  Mtn.  Exp.  Area, 
Riverside  Co. 


Species 


Blomass 
increment 


Age 
(vrs) 


References 


MT/ha 


(2) 


MT/ha-vr 


(2) 


a.  Ccr 

b.  Af,    Ccr 

a.  Af,    Cg 

b.  Qd 

c.  Qd 

Af,  Cg 

Cm 

As,  Af,    Cc 

Qd 

Ar 


37   to   85  1,8    to   4.0 


49 

28 

2.8 
18.5 

23 


63 


30 


1.2 

0.8 
2.8 
0.5 

1.0 


2.7 


1.2 


21 


37 

35 

1 

35 

23 


21 


25 


54 


72 


Weaver  and   Riggan, 
unpubl.    data 

Specht    1969 

Riggan  and  Lopez 
1981 


Mooney  and  others 
1977 

Schlesinger  and 
Gill  1980 

Debano  and  Conrad 
1978 

Chandler  1955 


Green   1970 


lis 
sue. 


isrs 

llOB 

isl 
lis 
lira 

[iSI 

lltfi 
tail 

Ik 
to 
m 
ik 
ik 

!0t 

in, 


Af — Adenostoma  f ascicula tum,  Ar — Arctostaphylos  spp,.  As — Adenostoma  sparsif olium,  Cc — Ceanothus 
cuneatus  ,  Ccr — C.    crassl  folius  ,  Cg — C^.    greggi  i  ,  Cm — ^C.  megacarpus  ,  Qd  —  Quercus  dumosa. 

2 
Divide  by  2.25  to  obtain  tons  per  acre. 


biomass  continues,  concurrent  research  must 
address  the  environmental  implications  of  chap- 
arral harvesting.   Conceptually,  two  modes  of 
harvesting  may  be  envisioned  with  diverse  envi- 
ronmental effects:  harvesting  with  permanent  fu 
modification  and  a  sustained  yield,  rotational 
harvest  svstem  in  designated  energy  management 
areas. 


HARVESTING  FOR  PERMA1^IENT  FUEL  MODIFICATION 

A  number  of  serious  resource  problems  can 
accompanv  permanent  chaparral  fuel  modification! 
tvpe  conversion,  and  these  should  limit  the  use)f 
harvesting  for  this  purpose.   Fuel  tvpe  convers 
of  chaparral  to  grass  can  greatlv  increase  rate] 
of  erosion  and  sediment  vield,  flooding,  and 
watershed  nutrient  loss. 

Erosion  from  converted  areas  on  steep  or  un- 
stable slopes  can  be  high.   At  the  San  Dimas 
Experimental  Forest,  widespread  soil  slippage 
during  the  large  storms  of  1969  occurred  in  16.1 
percent  of  the  area  on  converted  hill  slopes  ari 
5.5  percent  of  comparable  chaparral  areas.   Soi 
slippage  was  restricted  to  slopes  greater  than ,0 
percent  (Rice  and  Foggin  1971).   In  the  354-ha 


ill 


Figure    1 — Overview   of    biomass   accumulation   and 
cover    in  a    5-year-old   mixed    chaparral    stand    domi- 
nated   by   Quercus   dumosa.      The    stand    is    located    on 
a   north-facing    slope    adjacent    to    the    San   Dimas 
Experimental    torest. 
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■tiroe  Canyon,   where   17   ha  of    riparian   zone  vege- 
f.ion  were  removed   and   57   ha   of   hill    slopes   were 
cwerted    to  grass  during   1958-60,    flooding   and 
d)ris   production  caused  massive   changes    in  stream 
cinnel    geometry,    removed   eight    times  more  mate- 
r  il   than    from  a  comparable   channel    reach   in   a 
[iirby  chaparral   watershed,   and   contributed   a 
Ige   portion   of    the    296,000  m     of   debris   depos- 
it   in   the   Big   Dalton   reservoir    (Orme   and   Bailey 

ro). 

The  deep-seated    roots   of    the   chaparral    contrib- 
u    considerable   stability   to   steep   slopes. 
Civersion   replaces    these   with  a  more  dense   but 
b'  How  grass   root    system,    and   the   shear   plane   of 
Bi  1   slips   often  coincides   with   the    lower   reaches 
0  this   rooting    zone.      Removing   chaparral    for 
fi  Ibreaks   similarly  decreases   slope   stability. 
II    resulting   soil    slips   are   a    frequent    feature   of 
fi  Ibreaks   above   steep   slopes   in   the  San  Gabriel 
Mintains. 

A  fuels  management   program   in   the  National 
f(ests   of    southern  California  must   deal   with 
B:ensive   areas   of   steep    terrain.      On   the   San 
Das    Experimental   Forest,    for  example,    86   percent 
)lthe  hill   slopes  have  a  gradient   exceeding   55 
J(cent    (Bentley    1961).      Serious    problems   with 
iision,   debris   production,   and    flooding   could   be 
iiected   if    widespread    type  conversion   were 
liempted  . 

"j'oonversion  of    chaparral    to  grassland   can   lead 
tdong-term   changes    in  watershed   nutrient    loss 
itause   of    inherent   differences   in   the   nutrient 
;)ling   properties   of   these  communities.      Type 
c/ersions    to  grass   established    in   1960  at    Bell 
c'on   in  the  San  Dimas   Experimental   Forest   export 
1/en  times  more   nitrate-nitrogen   in   streamwater 
I"!  do  comparable   chaparral   watersheds    (Riggan 
,r  Lopez,    in  press).      This   could    lead    to   a 
eLine   in   primary   production  on   the   watershed   and 
t  ribute   to   the   existing   nitrate   pollution   in 
t-ams  and   groundwater   of    the   San  Gabriel   Valley. 

^ype   conversions    to   grass,    fuelbreaks,    and 
ps   of   reduced   stocking   density    in  the   chaparral 
t  also   subject    to    invasion  by   "flash-fuel" 
p:ies   such  as   the   subshrubs,    Eriogonum  fascicu- 
8im  and   Salvia  mellifera    (fig.    2).      These 
p:ies    produce    finely   divided,    compact    fuels; 
a.dly  accumulate  dead   material;    and   can  estab- 
ii  relatively  continuous    fuel    beds.      The   Salvia 
1 1  contains   high   concentrations    of   volatile 
C;nic  compounds    (Montgomery    1976).      With   these 
,1  acteristics,    they   can  burn   readily  even  at 
?ig  stand   ages,    severely   aggravate   fire  hazard 
I lems,    and    require  periodic  maintenance   to 
'•ent   elimination   of   planted   grasses. 


k  ESTING   FOR  AGE-CLASS   MANAGEMENT 

otat tonal   harvesting   in   designated   energy 
' gement   areas   is   consistent   with   the   concept   of 
')  class  management   and    in   some   chaparral   commun- 

s,   may   have   few  of    the   problems  associated 
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Figure  2 — Incursion  of  Eriogonum  fasciculatum  on  a 
fuelbreak  system  north  of  the  San  Dimas  Experimen- 
tal Forest. 


with  permanent  fuel  modification.   However,  sev- 
eral critical  elements  must  be  considered  in 
designing  a  rotational  system. 


1, 


Product ivitv  must  be  maintained  from  one 


rotation  to  the  next  or  considerab le  site  degrada- 
tion could  occur.   Natural  regeneration  must  be 


sufficient  to  maintain  stocking  density  and  stand 
composition,  and  nutrients  removed  in  harvested 
material  must  be  replaced  by  natural  means. 

2.  Watershed  resource  values  must  be  main- 
tained .   No  fuel  hazards  may  be  created  by  the 
harvesting  operation  or  incursion  of  more  highly 
flammable  species,  and  soil  erosion  must  not 
increase  substantially  over  natural  rates. 

3.  Primary  production  must  be  sufficiently 
high  to  maintain  periodic  harvesting  on  the  ava i 1- 
able  land  base .   The  higher  the  productivity  per 
unit  land  area,  the  higher  the  economic  return 
relative  to  harvesting  costs  and  the  lower  the 
impact  on  the  regional  environment . 

At  present,  it  is  unclear  whether  these  cri- 
teria can  be  satisfied  in  the  different  chaparral 
community  types  and  site  conditions.   Yet,  a 
number  of  chaparral  species  have  attributes  com- 
patible with  periodic  harvesting.   These  include 
vegetative  regeneration  from  underground  ligno- 
tubers,  rapid  growth  following  disturbance,  and 
associated  free-living  or  symbiotic  nitrogen 
fixation.   Harvesting  in  stands  composed  of  these 
species  is  most  likely  to  satisfy  the  criteria  for 
a  successful  sustained-yield  system.   At  the  same 
time,  harvesting  could  lead  to  severe  site  degra- 
dation in  some  community  types  and  environments. 
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Chaparral  Life  History 

The  life  history  characteristics  of  chaparral 
species  reflect  a  strong  adaptation  to  the  peri- 
odic occurrence  of  fire,  and  these  vd.ll  affect  the 
stand  response  to  harvesting. 

A  number  of  important  species  reproduce  from 
both  vegetative  structures  and  seed,  including 
C^uercus  dumosa,  Adenostoma  fasciculatum,  Ceanothus 
leucodermis,  and  Arctostaphy los  glandulosa.   In 
stands  composed  of  these  species,  essentially  the 
same  individuals  are  present  before  and  after  a 
disturbance.   They  can  be  expected  to  regenerate 
with  rapid  early  growth  and  maintenance  of  stock- 
ing density,  although  we  have  observed  some  mor- 
tality in  Adenostoma  fasciculatum  stands  that  were 
found  on  poor  quality  sites  (Riggan),  old  when 
burned,  or  infected  by  fungal  pathogens  while 
regenerating  (Dunn). 

Other  chaparral  species  must  reproduce  from 
seed  stored  in  the  soil,  including  a  number  from 
the  genera  Ceanothus  and  Arctostaphy los  (such  as 
C.  greggii,  C.  crassif olius ,  £.  megacarpus ,  and  A. 
glauca).   harvesting  these  plants  can  induce 
epicormic  sprouting  from  remaining  stem  tissue, 
but  this  effect  is  not  reliable. 

Most  seedling  establishment  of  the  dominant 
chaparral  shrubs  occurs  the  first  year  following 
fire  (horton  and  Kraebel  1955),   There  are  impor- 
tant exceptions,  such  as  C^ercus  dumosa  and  Cerco- 
carpus  betuloides  whose  establishment  is  infre- 
quent and  probably  substantial  only  in  years  of 
high  precipitation.   The  fire-induced  germination 
is  probably  due  to  a  break  in  seed  dormancy  caused 
by  heating  (Stone  and  Juhren  1951,  1953;  Hadley 
1961).   Although  heat  treatment  enhances  the 
germination  of  seed  from  several  species,  not  all 
seed  from  those  species  requires  treatment. 
Germination  rates  of  10  to  20  percent  may  be 
expected  without  heat  treatment  (Sampson  1944). 

Seedling  establishment  following  harvesting  is 
expected  to  be  considerably  less  than  after  burn- 
ing, and  greatly  reduced  stocking  density  could 
result.   The  relatively  high  densities  found  after 
burning  may  be  required  to  maintain  stocking  of 
species  that  reproduce  from  seed  alone,  since 
seedling  mortality  from  herbivory  and  water  stress 
can  be  high  in  young  stands. 

If  regeneration  success  is  poor,  the  stand 
stocking  density  will  remain  low  and  an  incursion 
of  grasses  or  species  with  easily  dispersed  seed 
(such  as  Salvia  mel lifera  and  hriogonum  fascicu- 
latum) coula  occur.   Stands  degraded  by  incursion 
of  these  flammable  species  can  propagate  wildfires 
frequently,  and  if  this  occurs,  a  positive  feed- 
back may  develop  with  more  severe  loss  of  nutri- 
ents and  production,  reductions  in  stand  densitv, 
and  increasing  dominance  of  the  "flash-fuel" 
species.   A  single  fire  in  an  immature  stand  of 
nonsprouting  species  could  cause  stand  deteriora- 
tion if  sufficient  seed  for  regeneration  has  not 
been  produced,   Arctostaphy los  glauca  has 


apparently  been  eliminated  from  large  areas  of  t 
San  Dimas  Experimental  Forest  by  fires  with  a 
frequency  of  15  years  (J.  S.  Horton,  pers. 
c  ommun . ) . 


Stand  regeneration  has  been  observed  on  har- 
vested areas  at  the  Kitchen  Creek  Research  Area  if 
the  Cleveland  National  Forest.   In  mixed  chaparil 
stands  at  this  site,  harvesting  has  elicited  a 
good  regeneration  response  and  stocking  density 
has  been  maintained  (table  2).   The  harvested 
areas  were  cleared  in  June  1979  and  resprout 
regeneration  of  Quercus  dumosa,  Adenostoma 
fasciculatum,  and  Ceanothus  leucodermis  was  rap 
during  the  first  growing  season.   Epicormic 
sprouting  was  also  apparent  on  some  individuals! 
the  obligate  seeder,  Ceanothus  greggii,  althougj 
their  vigor  was  poor.   After  two  growing  seaso 
approximately  one-third  of  the  Ceanothus  greggij 
showed  a  vigorous  growth  of  epicormic  resprouts; 
Seedlings  of  Adenostoma  fasciculatum,  Quercus  I 
dumosa,  and  Ceanothus  greggii  were  also  estab-  | 
lished  during  the  second  growing  season  (table  ) 
and  it  is  apparent  that  a  change  in  stand  compel* 
tion  may  result.   The  only  mature  shrubs  exhibi- 
ing  substantial  mortality  following  harvesting 
were  the  Ceanothus  greggii.   However,  seedlingfof 
other  species,  most  notably  the  Quercus  and 
Adenostoma ,  have  been  successfully  established 
and  it  is  likely  that  some  of  these  will  survi' 
in  open  areas  left  by  the  Ceanothus  mortality. 


Primarv  Production 


P.atterns  of  primary  production  have  importa 
implications  for  the  design  of  a  chaparral  har 
vesting  system.   They  will  affect  the  selectic  ot 
appropriate  species,  sites,  and  rotation  interiU 
for  harvesting. 

Production  in  the  chaparral  is  most  limitedjv 
plant  water  stress  during  the  summer  drought. 
Evapotranspiration  and  other  losses  deplete  t\ 
soil  moisture  in  mature  stands  by  the  end  of  lie 
summer,  regardless  of  rainfall  during  the  preA'oui 
season  (Miller  and  Poole  1979).   Sustained  hi; 
rates  of  production  are  most  likelv  in  areas  i 
higher  elevation  and  annual  precipitation,  oniiott, 
mesic  north-facing  slopes,  and  slopes  with  de'^er' 
soils,  where  water  is  most  available. 

Annual  precipitation  increases  markedlv  wi. 
elevation.   At  the  San  Dimas  Experimental  Forst, 
annual  precipitation  increases  from  660  mm/vrM 
an  elevation  of  460  m  to  965  mm/vr  at  1550  m.! 
Over  the  same  elevation  gradient,  the  declinein 
air  temperature  is  less;  mean  dailv  air  tempei- 
tures  decrease  with  elevation  from  10.2°  to  63 
during  Januarv,  and  actually  increase  from  223 
to  23.1°  C  during  July  (Reimann  1959).   FurtlT- 
raore ,  photosynthesis  rates  of  a  number  of  chc- 
arral  species  are  relatively  insensitive  to  i' 
changes  in  temperature  (Uechel  and  others,  ixf 
press),  so  differences  in  production  with  elda- 
t  ion  are  expected  to  correspond  roughly  to  tl; 
Increase  in  water  availabilitv .  ' 
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ble  2 — Vegetation  composition  on  the  chaparral  harvesting  research  area  at 
tchen  Creek,  Cleveland  National  Forest.  Estimates  are  averages  from  four, 
bv   75  m  belt    transects    located   within   the   north,    0.5-ha  hand-cleared   area 
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Chaparral    communities   on  north-facing   aspects 
ll'elop    larger    leaf    areas    (Krause   and    Kummerow 
r?)   and   apparently  sustain  higher   rates   of 
pjiduction   than   those  on  south-facing   slopes. 
Tse   differences    result    from   the    lower    levels   of 
a     temperature,    direct   solar   radiation,    evapora- 
te  demand,   and   plant   water   stress   on   the   north- 
f  ing  aspect.      On   south-facing   slopes  at   San 
D  as,   maxinmm  daily  air   temperatures   under   the 
ci  parral   canopy   can   be   6°    to    12°   C  higher   and 
operation   rates    15  percent   greater   than  on 
I'th-facing  aspects    (Miller    1947).      In  areas   of 
;lparral  with   relatively  high   precipitation  rates 
1; eater   than  650  mm/yr),    the  north-facing   slope 
:.    have   roughly   30  percent  more  available   water 
athe  soil    (Miller    1947).      In  drier   areas,    the 
j.tger   leaf   area   can  actually  dry   the   soil   more 

ildly  on   the   north-facing  aspect    (Ng  and  Miller 
■^o)   while   maintaining    less   severe    levels    of 

nt   water    stress    (Krause   and    Kummerow    1977). 

The  more  mesic   sites   in   the   chaparral    are 
,  ^uently   dominated   by  mixed-species   stands   with 
irge   component   of    Quercus   dumosa    (for   example, 
^   Krause   and    Kummerow    1977).      This   species   has   a 
<=  of    annual    carbon   uptake    per   unit    leaf    tissue 
^"   is   among   the   highest   measured    in   the   ever- 
•lin  chaparral    species    (Uechel    and  ^lustafa    1979). 
tis   also    able    to  maintain   relatively   high    leaf 
-Us  per  area  of    crown  coverage    (Krause   and 
j3»,aerow   1977).      Together   these   properties   give   it 
Ijjj  lilatively  high   rate   of    net   primary  production. 
^.^'.s  of   biomass   accumulation  as  high  as   2.8  MT/ha 
.  3'  been  observed    in   resprouting   stands    the   first 
.   -     following   burning    (Riggan  and   Lopez    1981). 
;^j([i}i lively  high    rates   of    biomass    accumulation   are 
j  jjijlt'  apparent    in   well-stocked    stands    of    some 
jj 'gate-seeaer   Ceanothus    species.      Biomass   accu- 
j.i;tes  at   rates   as   high   as    4.0  MT/ha-yr    in  C_. 
^l£i'Sifollus    stands    at    the    San   Dimas   Experimental 
,  ;'|st    (J.    R,    Weaver   and    Riggan,    unpubl.    data)    and 
■IT/ha-yr    in   C_.    megacarpus    near   Santa   Barbara 


(Schlesinger   and    Gill    1980)    (table    I).      However, 
harvesting    in   these    productive   Ceanothus    stands 
could    result    in   serious    regeneration   problems. 

Rates    of    biomass    accumulation  may    decline    in 
older  stands   of   chaparral    as   stand   nutrients   are 
sequestered    in  organic  material   and   the   stand 
accumulates  a  high   proportion   of    respiring  woody 
biomass.      If    this   is    true,    long-term   yield   could 
possibly  be    improved    by   harvesting   a   stand    at    the 
culmination   of    the   earlv    period    of    rapid    growth. 
At   present,    there    is    little    information    to   charac- 
terize  the   trends   of    biomass   accumulation  during 
stand  development,    but   biomass   is   known   to   accumu- 
late  at   high   rates    through    age    20    in   Ceanothus 
megacarpus. 


Nutrient    Cycling 

The   availability   of    nitrogen   in   chaparral    soils 
can   limit    the   growth   and    production   of   a   number   of 
species,    including   Adenostoma    fasciculatum, 
Arctostaphvlos    glandulosa,    and    several    Ceanothus 
species    (Vlamis  and   others    1954,    1958;   Hellmers 
and   others    1955).      Phosphorus    supply  may   also   be 
marginal    for   growth   of    native   shrubs    (Kummerow, 
pers.    commun.;    Hellmers   and    others    1955). 

Harvesting   could   have   a  major    impact   upon   the 
nutrient    balance    in   the   chaparral    ecosystem  by 
removing    large   quantities   of    nutrients   in   har- 
vested material   and    interfering  with   natural 
processes   of    nutrient    input.      Adverse   effects   upon 
nutrient    availabilitv   would    limit    the    production 
in   subsequent    rotations    and    the    success   of    the 
harvesting   system. 

The    impact    of    harvesting    nutrient    losses   must 
be    evaluated    in   relation    to    the    naturallv   high 
rates   of    fire-associated    loss.       In    an    ideal    har- 
vesting   system    the   communitv    is   maintained    in   a 
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young  state  with  low  dead  fuel  accumulations,  and 
this  should  lower  its  susceptibility  to  wildfire. 
The  reduction  of  fire-associated  losses  could  be 
greater  than  the  losses  due  to  harvesting. 

Fire-associated  nitrogen  losses  occur  by  vola- 
tilization and  subsequent  erosion,  and  these  can 
be  considerable.   Volatilization  losses  during 
moderate-intensity  prescribed  fires  can  remove  10 
to  25  percent  of  the  stand's  nitrogen  content, 
primarily  from  fine  fuels,  ground  litter,  and  the 
upper  soil  profile  (table  3).   Nitrogen  loss 
during  intense  wildfires  could  be  even  greater. 
Harvesting  these  stands  would  remove  the  nitrogen 
in  the  standing  vegetation  but  would  not  remove 
nutrients  in  the  litter  or  soil,  so  a  less  severe 
impact  on  the  nutrient  balance  of  the  system 
should  result.   Nutrient  losses  from  harvesting 
could  also  be  reduced  by  allowing  the  cut  chap- 
arral to  dry  and  partially  defoliate  on  site 
before  it  is  processed.   Foliage  contains  one- 
third  of  the  nitrogen  in  the  aboveground  vegeta- 
tion (Riggan  and  Lopez  1981),  and  this  need  not  be 
removed . 

Fire-associated  erosion  losses  are  potentially 
an  even  larger  path  of  nitrogen  loss.   Hill  slope 
sediment  yield  can  increase  200-fold  the  first 
year  following  fire  (Unpublished  U.S.  Forest 
Service  report  cited  by  Wells  1981)  as  the  soil 
surface  is  exposed  to  eroding  forces  and  the 
structure  and  infiltration  properties  of  the  soil 
are  altered.   During  chaparral  fires,  a  water 
repellent  layer  can  form  several  centimeters  below 
the  soil  surface  when  hydrophobic  organic  com- 
pounds distill  downward  and  condense  in  the  soil 
profile  (DeBano  1981).   The  water  repellent  soil 
confines  water  in  the  upper  wet  table  layer,  with 
an  increase  in  pore  pressure  and  reduced  Internal 
friction.   The  Instability  formed  can  result  in 
soil  loss  by  mass  wasting  and  miniature  debris 
flows  that  form  rills  (Wells  1981),   Loss  of 


organic  matter  and  alteration  of  soil  clavs  dur  g, 
burning  (Wells  1981)  can  also  reduce  soil  stabi 
ity  and  accelerate  erosion. 


Extremely  high  rates  of  erosion  loss  are  pos 
ble.   For  example,  losses  of  210  m  /ha  (2.1  cm 
soil)  and  830  m  /ha  (8.3  cm  of  soil)  have  been 
estimated  for  the  Sweetwater  River  watershed  in 
San  Diego  County  and  the  Little  Dalton  Canvon 
watershed  at  the  San  Dimas  Experimental  Forest, 
respectively  (Rowe  and  others  1949).   If  this 
material  originates  from  surface  soils,  830  m""/ 
of  sediment  would  carry  with  it  approximately  2 
kg  of  nitrogen  per  ha  (assuming  0.2  percent  nit 
gen),  and  cause  a  catastrophic  change  in  site 
nitrogen. 


llCi 
B! 

fl 

mi 


iiti 
illl 

ile 
itia 
to 

'111 


Hill   slope   erosion   losses   following  harvest! 
are  expected   to   be   considerably   less   than   those 
associated    with   wildfire    if   harvesting    equipmen    ii 
does   not    disturb    the    soil    surface.      Harvesting 
would    temporarily   remove    the   protective    cover   oBiji 
the   vegetation   canopy,    but    the    severe   water   rep 
lency  and   changes   in  soil   structure   associated 
with   intense  heating  would   not   occur.      A  rela- 
tively protective    litter   layer  would   also    remal 
in  stands   of    Que re us   dumosa. 


It   appears    that   nutrient    losses   from  harvest 
are  considerably   less   than   those   associated   wi1 
burning    at    a   comparable    frequencv.      However, 
harvesting  could   take  place  on  a  rotation   inteiMn 
that    is    less    than   the   frequency  of    fire,    if   she    iji 
rotations   are   used   to   optimize   long-term   produc 
tion  and    yield.      Bv    contrast,    wildfires   general 
occur   in   older   stands   with    larger   accumulations    js 
dead    fuel .      Increasing    the    frequencv  of   harvest    m 
also   Increases   the   export    of   nutrients,    and   a 
point    is   reached   where  benefits   from  maintainlrUji,) 
the    stand    in  a    voung,    productive   state    are   out- 
weighed  by  a  decline   in  productivity   from   nutri 
loss. 
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Table  3 — Comparison  of  nitrogen  distributions  and  losses  from  f Ire-associated 
volatilization  and  biomass  harvesting  in  contrasting  chaparral  types.   Estimates 
are  for  25-year-old  Adenostoma -dominated  chaparral  in  the  Los  Padres  National 
Forest  northeast  of  Santa  Maria,  California  (DeBano  and  Conrad  1978)  and 
35-year-old  (^ercus  dumosa-domlnated  chaparral  in  the  Cleveland  National  Forest 
at  Kitchen  Creek  (Riggan  and  Lopez  1981).   Harvesting  is  assumed  to  remove  the 
aboveground  plant  only.   Erosion  losses  are  not  considered. 
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The  mechanisms   of   nitrogen   input   and   processes 
i'at  affect   nitrogen  availability  must   also  be 
nsidered    in   the  design  of   a  harvesting   system, 
rvesting  may   interfere   with  natural   nitrogen 
lolacement    in   some   chaparral    ccmmunities,    and    the 
lavior   of    these   processes   will   affect    the    allow- 
le   frequency   of   harvesting   and    location  of 
rgy  management   areas . 

Nitrogen  enters    the   system   in   precipitation  and 
'fall,    and   by  N„   fixation  associated   with   post- 
re  legumes,    free-living  microbes,    and   symbiotic 
;ociations   with  members    of    the   genera  Ceanothus 

Cercocarpus .      Precipitation   inputs   are   low, 
lerally    less    than   8.0  kg/ha-yr    (Liljestrand   and 
•gan   1978),    and   are   generally  unaffected   by 
:agement. 

Legumes   of    the  genera  Lupinus    and   Lotus   are 
mon  components   of   the   profuse   annual   and    peren- 
1   flora   found   after   chaparral    fires.      They   are 
atively   short-lived   and   are   host    to   symbiotic 
Nation  with   rates   in   the   range   of    3   to   40  kg/ 
yr    (Dunn  and    Poth    197  9;    Poth,    pers.    commun.). 
her   rates   of   N      fixation  may  be   associated   with 
ibers   of    the   genera  Ceanothus   and   Cercocarpus . 
dies   in   the   greenhouse   and   under  mesic    field 
ditions  have   shown  that    substantial   rates    of 
lation  can  occur    (Hellmers   and   Kelleher   1959, 
Inis  and   others    1958,    Youngberg  and   Wollum 
5).      However,    estimates   of    N      fixation  by 
liot hus    in  southern  California   chaparral   are 


tertain.      Annual    nitrogen  accretion  over    13 
'rs  in  developing  Ceanothus   crassif olius   was 
imated    to   be   49   kg/ha-yr  Tzinke    1969),    but 
:ess  study   estimates    in  mature   stands   and 
;ar-old   seedlings   have   shown  only   low  rates 
-imerow  and   others    1978;    Dunn  and   Poth,    pers. 
JOiun.)  .      Substantial    rates   of   N„   fixation  have 
.:«!  measured    in  4-year-old   Ceanothus   crassif  olius 
::fc. lings    at    San   Dimas    (Dunn  and    Poth,    pers. 
oiun.),    and   this    suggests   that  N„   fixation  may 
e  estricted    to   established   young   stands. 


'initrogen   fixation  by   free-living  microbes  may 
1     be    important    in   chaparral    soils,    although 
r  ess  studies  have   yet   to  show   sustained    f ixa- 
i    by   this  mechanism  in   the   field.      Lysimeter 
t  les   at    San   Dimas   have   shown   that    the   annual 
i  ogen  accretion  over   13  years   associated   with 
ii;cus   dumosa,    38  kg/ha-yr,    and   Eriogonum 
!■  Iculatum,    32   kg/ha-yr,   can  be    substantial. 
Vi   the   same   period,    lysimeters    kept    free   of 
^i-tation   lost   nitrogen  at   an  average   of    26 
6/a-yr    (Zinke    1969). 

f   periodic   harvesting    reduces    the   occurrence 

"^  ire   on   a   site,    the    establishment    of    postfire 

-^nes   would   be    precluded    and    the   establishment 

•   -anothus   seedlings   could    be   greatly   reduced. 

t:isiderable    impairment    of    N      fixation    in    the 

.t=  1  could   result . 

.     Lnitrogen   fixation  will   affect    the   suitability 
'■   :ands    for  harvesting  and   the   stand   response   to 
i-f^rent   rotation   intervals.      Stands   with  more 
-s;  environments   and    those  comprised    of 


resprouting  Ceanothus   or   Quercus    species  are 
expected   to  have   relatively  high   rates   of   nitrogen 
replacement.      Dinitrogen   fixation   rates  may  be 
highest    when   these   are   relatively   young,    declining 
as   they  mature  and   senesce.      If   so,    harvesting 
with  a  short   rotation   interval  would  maintain   the 
stand    in  a  state  with  high   Nj   fixation  rates,    and 
increase    long-term  nitrogen  accretion.      Periodic 
harvesting   could   also   result    in  more   favorable 
soil-water  conditions,    warmer   soil    temperatures 
during    the   spring,   and   a   favorable   carbohydrate 
balance    in  resprouting   individuals.      Each   of   these 
effects  would   be    conducive    to  N^   fixation  and 
could   counter   the    loss   of   nitrogen   in  harvested 
biomass. 


Land  Area  Requirements 

If    the  development   of   chaparral   harvesting  as  a 
source   of   renewable   wood   energy   is    to   provide  a 
significant   amount   of    the   energy  needed   bv   Cali- 
fornia,   the   area   of    land  managed    for   this   purpose 
must   be    large.      Approximately   1000  mi     of    rela- 
tively high-productivity   chaparral   would   be 
required    to  supply   the   residential    energy   require- 
ments   for  a   city   the  size   of    Pasadena,    Califor- 
nia.       The   size   of    this   undertaking   would   greatly 
magnify   the    impacts   of   harvesting.      Other  consid- 
erations  such   as  visual    impacts   and   erosion   from 
roads   and    equipment    landings    would   have    to    be 
assessed    for  any   specific   operational   program,    and 
these  might    limit   its    scope   and    practicality. 


RESEARCH   NEEDS 

A  number   of    important    research   problems   should 
be    addressed    concurrently   with    the   development   and 
demonstration  of   chaparral   harvesting. 

1 .      Adverse    impacts    of   harvesting  may    limit 
production    in    subsequent    rotations    or   create   other 
resource   management    problems.      Research    is   needed 
to   determine    the    following    for   major    chaparral 
community   types:      (a)    the   probability   of   site 


Estimated   as    follows: 

Residential    energy  use    in    the   City   of 
Pasadena    (1980  population   of    119,000,    50,000 
residences,    4700  kwh/vr   average   use)    is   2.35  x    10 
kwh/yr    (City   of    Pasadena,    Water  and   Power   Depart- 
ment,   1980  Annual    Report).      With   reference   to   a 
3.3  X   10     kwh/yr,    hybrid   geo thermal-wood   energy 
powerplapt   using   75  percent   wood    energv  and 
2.3  X    10     MT/yr    (U.S.    Dep.    Agric,    Forest    Serv. 
1978),    expected   energy  yield    from  biomass   is   1.1  x 
10      kwh/MT,    and   an   annual    harvest    of    2. 1   x    10     MT 
is   required.      Assuming    chaparral    with    50  MT/ha, 
and   harvesting  on  one-third    the    land   area   with  a 
20-year   rotation   interval,    the   necessary  sustained 
yield    of   wood   energy   would   require  a   land   area   of 
2.5  x   10     ha  or   1000  mi    .      Eight   percent   of    the 
managed   chaparral   would   be    less   than   5   years    of 
age   at  any   time. 
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degradation  from  incursion  of  highly  flammable 
species,  such  as  sage  or  buckwheat;  (b)  the  magni- 
tude of  nutrient  loss  In  harvested  material  and 
Interference  with  nitrogen  fixation;  (c)  loss  of 
stocking  density  due  to  poor  seedling  regenera- 
tion; and  (d)  the  magnitude  of  erosion  losses  due 
to  soil  disturbance  by  equipment. 

2.  Existing  blomass  accumulations  and  rates  of 
net  primary  production  are  not  well  known,  nor  are 
there  good  inventory  methods  or  predictive  models 
available.   Research  is  needed  to  (a)  estimate 
rates  of  blomass  accumulation  in  major  community 
types  and  identify  the  most  productive  sites,  (b) 
estimate  the  rates  of  blomass  accumulation  during 
stand  development,  and  (c)  develop  predictive 
models  from  which  guidelines  could  be  made  for 
selection  of  energy  management  locations. 

3.  Research  is  needed  to  determine  the  effects 
of  short  rotation  intervals  on  stand  production, 
regeneration,  and  nitrogen  balance.   The  patterns 
of  nitrogen  replacement,  seed  production,  and 
stand  susceptibility  to  fire  during  stand  devel- 
opment should  be  identified. 


SUMMARY 

The  characteristic  life  histories,  patterns  of 
primary  production,  and  nutrient  cycling  in  a 
chaparral  community  will  determine  its  response  to 
harvesting.   A  number  of  Que re us  and  Ceanothus 
species  such  as  ^.  dumosa,  j^.    chrysolepis,  Q. 
wisllzenii ,  and  C.  leucodermls  may  have  attributes 
compatible  with  periodic  harvesting.   These 
Include  vegetative  regeneration  from  ligno tubers 
or  burls,  rapid  growth  following  disturbance,  and 
associated  free-living  or  symbiotic  nitrogen 
fixation.   Several  of  the  Ceanothus  species  which 
reproduce  from  seed  alone  (e.g.,  C^.  crassif ollus 
and  C.  megacarpus )  have  relatively  high  rates  of 
blomass  accumulation  and  may  support  symbiotic  N 
fixation,  but  these  are  probably  not  compatible 
with  harvesting  because  of  poor  regeneration 
success  in  the  absence  of  fire.   Stands  of 
Adenostoma  fasciculatum  generally  have  lower  rates 
of  blomass  production  and  nitrogen  input,  and 
could  be  degraded  by  periodic  harvesting. 

Serious  site  degradation  could  result  from 
periodic  harvesting  if  stand  stocking  density  is 
not  maintained.   Open  stands  are  subject  to  incur- 
sion of  "flash-fuel"  subshrubs  and  grasses  that 
could  propagate  fires  frequently.   This  would 
accelerate  nutrient  and  soil  losses  and  further 
reduce  stocking  density  and  productivity.   Simi- 
larly, burning  through  any  residual  harvesting 
slash  could  seriously  degrade  the  stand. 

Chaparral  age-class  management  employing  har- 
vesting on  selected  sites  could  reduce  the 
incidence  of  severe  wildfires  and  the  associated 
erosion.   The  reduction  of  fire-associated  nutri- 
ent losses  may  be  greater  than  the  loss  of 
nutrients  in  harvested  blomass. 
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Carbon  Balance  Studies  in  Cliaparral  Shrubs: 
Implications  for  Bionfiass  Production^ 


Walter  C.  OecheF 


There  is  considerable  energy  available  for 
harvesting  in  chaparral  biomass.   Each  year,  on 
the  average,  about  3  percent  of  California's 
3.3  million  hectares  of  chaparral  burns.   Using 
values  from  Riggan  and  Dunn  (In  press) ,  at  an 
average  biomass  of  50  m  tons  pier  hectare  this 
100,000  hectares  burned  represents  the  gross 
energy  equivalent  of  18.2  x  10°  barrels  of  oil  or 
546  million  dollars  at  current  oil  prices.   This 
is  roughly  the  energy  equivalent  of  2  Hoover  Dams 
or  1/2  of  the  on  shore  oil  production  of  the 
central  California  coast  (2  X  10^^  kcal  of 
renewable  energy,  McCartor  1976). 

The  magnitude  of  the  energy  available  means 
that  it  is  possible  that  chaparral  will  be 
utilized  as  an  energy  source  at  some  point  in  the 
near  future. 

If  chaparral  is  to  be  used  as  an  energy 
source,  there  are  several  major  management 
problems  to  consider  including  the  environmental 
effects  of  harvesting  and  how  to  mitigate  them 
and  the  best  way  to  maximize  ye i 1 d  on  a  sustained 
basis.   Mooney  (in  press)  noted  the  major 
biological  factors  which  must  be  considered  in 
making  management  decisions.   These  included  life 
history  attributes,  fluxes  of  minerals  and 
environmental  responses  of  species.   This  paper 
will  consider  the  contribution  that  carbon 
balance  research  can  make  to  the  last  two  of 
these  areas  as  input  to  management 
conside  rat  ions . 

The  controls  on  net  carbon  uptake  is  of 
obvious  importance  in  evaluating  the  potential 
for  biomass  harvesting  in  chaparral  and  in 
evaluating  optimal  harvesting  patterns  to 
maximize  long  term  production  while  minimizing 
flammabil ity.   This  paper  will  consider  the 
intrinsic  and  extrinsic  controls  on 
photosynthesis  and  respiration  in  chaparral 
plants  and  the  implication  of  carbon  allocation 
patterns,  nutrients,  moisture,  temperature  and 
stand  age  on  net  production  of  chaparral  stands 
in  southern  California. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981.  San  Diego,  California. 

2 
Research  Professor,  Systems  Ecology  Research 
Group,  San  Diego  State  Uni-versity,  San  Diego, 
Calif.,  92182. 
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Abstract:   Photosynthesis  and  respiration  rates 
were  determined  for  chaparral  shrubs  as  a 
function  of  temperature  and/or  light  intensity. 
In  mature  stands  at  Echo  Valley,  Calif.,  net 
seasonal  carbon  assimilation  by  leaves  ranges 
from  a  dry  weight  equivalent  of  673  g  m~   y"^  in 
pure  stands  of  Rhus  ovata  to  1439  g  m~      y~^    in  j 
Arct ost aphy los  glauca.   Net  accumulation  of  dry 
matter  ranges  from  261  g  m        y~^    for  R.  ovata  tOi 
525  g  m   y~^  for  A.  glauca.   Stem  respiration 
utilizes  about  30  percent  of  the  assimilated 
carbon;  total  respiration  accounts  for  about  60 
percent  of  the  carbon  assimilated.   This  data  ai 
growth  models  are  used  to  calculate  optimal 
harvest  intervals  and  productivity  of  shrubs. 


This  paper  will  not  make  major  management 
recommendations,  but  will  present  information 
upon  which  management  decisions  can  be  based  and  jtor 
which  will  suggest  areas  for  further  research. 


Cont  rols  on  Net  Phot osynthes  is 

Potential  net  photosynthesis 

Maximum  phot osynthet ic  rates  in  evergreen 
chaparral  shrubs  vary  by  species.   This  means 
that  stand  productivity  may  vary  with  species 
compostition  according  to  the  realized  patterns 
of  net  photosynthesis.   In  one  study,  measured 
maximum  phot osynthet ic  rates  varied  from 
7.6  mg  CO   g    dry  wt  h    for  Ceanothus 
leucodermis  to  1.1  mg  CO^  g    dry  wt  h    for  Rh 
ovata  (table  1 ) 
order:  C 
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Photosynthesis  decreased  in  t 
leucodermis  >  Cercocarpus  bet uloi  des 
Arct ost  aphy 1 os  glauca  >  Quercus  dumosa  > 
Adenost  oma  fascicul at  um  >  Ceanothus  verrucosus 
Rhus  int  egrefol ia  >  R.  ovata.   Because  of 
differences  in  leaf  density  thickness,  the 
pattern  on  a  surface  area  basis  may  be  quite 
different.   These  maximum  observed  rates  are 
further  modified  by  site  and  environmental 
factors  to  yield  an  observed  annual  value. 

Photosynthesis  varies  seasonally,  by 
elevation,  and  by  slope.   The  seasonal  total 
phot osynthet ic  uptake  correlates  strongly  with 
the  cover  produced  by  various  evergreen  shrub 
species  in  the  chaparral.   Species  with  higher 
seasonal  photosynthet  i  c  uptake  rates  tend  to  h^! 
higher  observed  cover  in  the  chaparral.        I 
Competitive  advantage  is  therefore  correlated  t 

photosynthet ic  ability  (Oechel  and  Mustafa  1979 


Temperat  ure 
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til 


Temperature    appears    to   exert    little    1 
on    net    photosynthesis    over    normally   experienced^   ittt 
ranges    of    temperature    (Figs.    1    and    2).      The 
average    Californian    shrub    or    the    average    Chilea 
shrub    shows    relatively   high    photosynthesis    ratel    Ssjo 
at    5°C    and    at    40°C.       For    Californian    species    th| 
average    photosynthet ic    rate    at    40°C    is    greater  | 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Raj 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculmre;  1982.    ' 
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le  1 — Maximum  photosynthesis  rates  in  May  and  June  determined  by   CO.  and  infrared  gas  analysis  (IRGA) 
t:hniques  and  leaf  density-thickness  for  chaparral  species  in  San  Diego  County  (modified  from  Oechel  et_  al, 
]  press) . 


G)wth  form  and  species 


Elevation 
(m) 


Sampling 

date 

(Day/Mo/Yr) 


Leaf 
density- thickness 
(g  dry  wt  dm"  ) 


Maximum  photosynthesis  rates 


(mg  CO.    g       dry  wt   h      ) 


14 


CO, 


(mgCoTdnili      ) 


IRGA 


Ejrgreen  sclerophyllous 

A  mo stoma  fasciculatum 
Eiator-facing  slope 
Eiator-facing  slope 
P.e-facing  slope 

A.tostaphylos  glauca 
Eiator-facing  slope 
Eiator-facing  slope 
P  e-facing  slope 

Cinothus  greggii 
Eiator-facing  slope 
Eiator-facing  slope 

Cinothus  leucodermis 
Cinothus  verrucosus 
C  cocarpus  betuloides 
Q  reus  dumosa 
Ris  integrlfolia 
Ris^  ovata 

Eiator-facing  slope 
Eiator-facing  slope 
lean 


shrubs 


1000 
1000 
1000 

03/06/76 

17/05-01/06/76 

05/06/76 

1.17 
1.17 

1000 
1000 
1000 

03/06/76 

03-14/06/76 

05/06/76 

2.08 
2.18 

1000 
1000 

03/06/76 
16-20/06/76 

3.13 

1000 

120 

1150 

1000 

85 

05/06/76 
12/06/76 
10/06/76 
05/06/76 
12/06/76 

0.94 
3.13 
1.56 
1.56 
3.13 

1000 
1000 

03/06/76 
22-27/06/76 

3.13 

3.6 
3.0 

4.1 
3.5 

3.3 

7.6 
2.6 
4.3 
4.0 
1.4 

1.1 

3.5 


4.3 
3.5 

9.0 
7.6 

10.4 

7.2 
8.3 
6.8 
6.2 
4.3 

3.5 

6.5 


6.6 


10.5 


7.6 


4.7 
7.4 


CERNDTHUS  GREGG  1 1 


15  25  35 

Temperature      *C 

'lire  1 — Isopleths  of  photosynthetic  rates  with 
■eiect  to  temperature  and  light  intensity  for 
jgiothus  greggii  growing  at  Echo  Valley,  California 
.nlay  1976.   Rates  predicted  with  nonlinear 
"eression  analysis  using  a  Michaelis-Menton  form 
:o  the  light  response.   From  Oechel,  Lowell,  and 
'a  "ell  (In  press)  . 


5      10    15    20  25   30  35  40 

Temperature,  ""C 


Figure  2 — Average  photosynthetic  response  of 
four  chaparral  species  (©):   Ceanothus  greggii, 
Arctostaphylos  glauca ,  Adenostoma  fasciculatum,  and 
Rhus  ovata;  and  four  matorral  species  (O)  •  Trevoa 
trlnervis,  Colliguaya  odorifera,  Satureja  gilliesii, 
and  Lithraea  caustica  to  temperature  at  saturating 


light  (1,401-1,800  uE  m' 
(In  press) . 


From  Oechel  et  al. 
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than  45  percent  of  the  maximum  rate  (fig.  2). 
Low  winter  temperatures  would  seldom  suppress 
photosynthesis.   At  5°C  the  phot osynt het ic  rate 
is  still  about  70  percent  of  the  maximum  rate. 
This  implies  that  substantial  increases  or 
decreases  in  annual  mean  temperature  which  could 
be  caused  by  differences  in  elevation  or  latitude 
would  have  little  effect  on  net  photosynthesis. 
Simulations  confirmed  this  showing  that  an 
increase  or  decrease  in  mean  annual  temperature 
would  have  less  than  a  10  percent  effect  on 
phot osynthet ic  uptake  over  the  course  of  the 
season  (fig.  3).   Temperature  is  therefore 
unlikely  to  limit  production  in  chaparral  over 
much  of  range  of  chaparral  in  southern 
Cal i  fornia . 


Light 

Light  levels  may  have  a  major  influence  on 
photosynthesis  rates  and  productivity.   At 
optimal  temperature,  light  levels  below  full 
sunlight  may  limit  photosynthesis  of  intact 
branches  with  naturally  oriented  leaves  (e.g. 
see  fig.  1).   Therefore,  even  at  full  solar 
radiation  levels,  light  may  limit  phot osynt het ic 
rate  within  the  canopy,  especially  at  higher  leaf 
a  rea  ind  ic  i  es  . 

Periods  of  reduced  radiation,  whether  due  to 
time  of  day  and/or  cloud  cover,  will  reduce 
productivity.   The  short  photoperiods  in  winter, 
which  often  occur  when  ample  moisture  is 
available  for  photosynthesis  and  when  temperature 
allows  appreciable  phot osynt het ic  rates,  may 
result  in  marked  limitation  in  photosynthesis 
below  that  potentially  possible. 
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Figure  3— The  effects  on  simulated  seasonal  (daytime) 
photosynthesis  incorporated  in  grams  CO2  per  square 
meter  of  ground  per  year  of  an  increase  or  decrease 
in  temperature  of  5°C  from  observed  standard 
temperatures  (ST)  in  1973-1974  in  Rhus  ovata  (R.o.), 
Arctostaphylos  plauca  (A.g.),  Ceanothus  greggii 
(e.g.),  and  Adenostoma  fasciculatum  (A.f.)  with  a 
leaf  area  index  of  1  and  a  stem  area  index  of  0.9. 
From  Oechel  £t  al.   (In  press). 


Moist  ure 

As  water  potential  decreases,  plant  moisture 
stress  has  a  major  effect  on  phot osynt het ic  rate 
through  its  effect  on  stomatal  conductance. 
Arctostaphylos  glauca,  decreases  from  a  maximum 
daily  uptake  rate  of  33  mg  CO   ^~1  dry  wt  d~^  at 
-0.5  MPa  bars  dawn  water  potential  to 
7  mg  CO^  g"^  dry  wt  d~^  at  -3.5  MPa  bars  dawn 
water  potential  (fig.  4).   Adenostoma 
fasciculatum  shows  a  somewhat  less  rapid  decline 
in  daily  phot osynt het ic  rate  with  decreasing 
maximum  water  potential.   In  both  cases,  zero 
daily  carbon  uptake  is  projected  to  occur  at 
about  -4  to  -4.5  MPa. 
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Figure  4 — Relationship  between  maximum  (dawn)  watt 
potential  and  seasonal  daily  carbon  uptake  of 
Arctostaphylos  glauca  (A.g.)  and  Adenostoma 
fasciculatum  (A.f.)  in  San  Diego  County,  Calif orn; 
From  Oechel  et^  al.  (In  press)  . 

Species  vary  with  respect  to  the  limitation 
of  carbon  uptake  by  summer  drought.   For  example 
compared  to  spring  (May)  values,  Adenos  t  oma 
f asc  icul at  um.  Que  reus  dumosa ,  and  Cercoca  rpus 
bet  ul oi  des  may  show  less  than  40  percent 
depression  in  carbon  uptake  by  late  summer 
(August)  (fig.  5).   Other  evergreen  species 
including  Rhus  ovata,  Rhus  int  egr  i  fol  ia , 
Ceanothus  greggii ,  and  Ceanothus  verrucosus  may 
show  greater  than  60  percent  depression  in 
photosynthesis  during  the  summer.   Species  whicl" 
show  the  greatest  suppression  in  photosynthesis 
may  not  necessarily  be  those  experiencing  the 
greatest  water  stress.   This  is  especially  true 
in  the  case  of  Rhus  ovat  a  and  Rhus  int  egri  fol ia 
which  reduce  stomatal  conductances  at  relativel; 
high  water  potentials  (Poole  and  Miller  1975), 
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!^-  5 — Seasonal  patterns  of  dawn  (A)  and  midday 

l)Uater  potentials  in  MPa,  carbon  uptake  in  milli- 

iB  of  CO2  per  day  per  gram  dry  weight  of  leaf  (A) 

1  jr  square  decimeter  of  leaf  C^) ,  and  the 

.aLve  carbon  uptake  as  a  percent  of  the  maximum 

itLy  rate  for  Ad  eno  stoma  fasciculatum  (A.  f . )  , 

ills  dumosa  (Q.d.)»  Cercocarpus  betuloides  (C.b.), 

isjvata  (R.o.),  Rhus  integrifolia  (R.i.), 

in:hus  greggii  (C.g.)»  Ceanothus  verrucosus 

VI,  Arctostaphylos  glauca  (A.g.)»  Salvia 

Ifera  (S.m.),  and  Salvia  apiana  (S.a.)- 


However,  marked  increases  in  phot osynt het ic 
rates  following  fire  indicate  a  nutrient 
limitation  of  photosynthesis  in  the  field  (Oechel 
and  Hastings  In  press) .   Following  a  fire,  young 
plants  tend  to  have  higher  phot osynt het ic  rates 
than  do  mature  species.   These  rates  may  be  up  to 
500  percent  higher  in  Adenost  oma  fascicul atum 
burn  resprouts  than  in  the  mature  vegetation 
(Oechel  and  Hastings  In  press).   Interestingly 
this  elevation  of  phot osynthet ic  rate  does  not 
appear  to  be  primarily  due  to  an  increase  in 
available  moisture  (fig.  6).   Resprouts  of 
A.  fasciculatum  following  hand-clearing  showed 
little  increase  in  phot osynt het ic  rate.   The 
conclusion  is  that  the  nutrients  released 
following  fire  produce  the  elevated 
phot osynthet i c  rates. 
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al   which    experience    marked    depression    in 
pit  osynt  hes  i  s    at    midday    water    potentials    of 
-  0    MPa.      Adenostoma    fasc  iculat  urn    and    Quercus 
diosa    on    the    other    hand,    maintain    substantial 
p)tosynthet ic    rates    at    midday    water    potentials 
O1-3.5    to   -4.0    MPa.      As    a    result,    both    the    site 
m  sture    status    and    the    species    specific 
p)tosynt  hes  i  s    vs.     plant    water    potential 
r;ationships    must    be    considered    when    predicting 
s  e    carbon    bal ance . 


N'  r ient  s 

Nutrient  responses  of  photosynthesis  yield 
Ciflicting  results.   While  production  of 
ciparral  species  is  stimulated  by  nitrogen 
f'tilization  (Kuirmerow  pers.  corr.),  laboratory 
sidies  may  indicate  an  inverse  relationship 
b«ween  treatment  nitrogen  levels  and 
pl  t osynthet ic  rate  (Oechel,  Lowell,  and  Jarrel 
jj  press )  .   Despite  this  reduction  in 
pit  osynt  het  ic  rate  with  increasing  nitrogen, 
wile  plant  carbon  balance  and  growth  increase 
w:h  increasing  nitrogen  treatment.   This 
I'iicates  a  negative  correlation  between 
pl  tosynthet ic  rate  and  growth  rate  in  this 
S:uat  ion  . 
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Figure  6 — Photosynthesis  rates  and  tissue  water 
potential  in  1980  in  mature  (34  year  old) 
Adenostoma  fasciculatum  control  plants  and  in 
resprouts  following  hand  clearing  in  June  1979  and 
burning  in  November  1979. 
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Water  relations  and  photosynt het ic  rates 
following  biotnass  harvesting 

Harvesting  immediately  reduces  leaf  area  index 
which  generally  takes  several  years  to  restore 
its  original  area.   As  a  result,  water  potentials 
in  plants  are  elevated  in  resprouts  for  at  least 
20  months  following  harvesting.   For  example, 
plants  were  harvested  from  plots  between  30  May 
and  13  June  1979.   Near  the  end  of  the  drought  in 
October  1980,  midday,  water  potentials  for 
Adenostoma  fasciculatum  averaged  -5.7  MPa  in 
mature  vegetation  vesus  -2.9  MPa  in  resprouts 
(fig.  6).   Arct ost aphylos  glandulosa  resprouts 
and  Quercus  dumosa  resprouts  showed  sipiilarly 
elevated  water  potentials  in  the  resprouts 
(Hast  ings  and  Oechel  In  press ,  Oechel  and 
Hastings  In  press)  (fig.  7 ) .   This  elevated  water 
potential  allows  increased  leaf  conductances  and, 
for  some  species,  increased  phot osynthet ic  rates. 
Leaf  conductances  are  systematically  elevated  in 
the  resprouts  compared  to  the  mature  vegetation. 
In  October,  mature  vegetation  and  resprouts 

showed  conductances  in  A^.  fasciculatum  of  .12  and 
.26   cm  s~    ,    the  rates  were  .22  and  0.38  cm  s 
for  A.  gl andulosa  and  in  Q.  dumosa  conductances 
were  0.51  and  1.37  for  mature  vegetation  and 
resprouts  respectively.   At  almost  all 
measurement  periods,  resprouts  of  Quercus  dumosa 
had  equivalent  or  higher  conductances  than  mature 
vegetation  (fig.  7).   For  Quercus  dumosa,  this 
elevated  water  status  apparently  resulted  in  an 
increase  in  the  phot osynthet ic  rate  of  resprouts 
compared  to  mature  vegetation.   The  elevation  in 
phot osynthet ic  rate  on  resprouts  of  Quercus 
dumosa  is  appreciable,  with  the  phot osynthet ic 
rates  in  June  in  mature  plants  being 
4.3  mg  CO  g~^  dry  wt .  h~  versus  6.6  for  the 
resprouts.  In  October,  the  photosynthet ic  rate  of 
mature  vegetation  is  2.8  while  the  resprout  are 
230  percent  higher  at  6.5  mg .  CO   g~^  dry  wt . 
h   .   As  discussed  earlier,  A.  fasc  icul at  urn  shows 
only  a  marginal  increase  in  phot osynthet ic  rates 
in  hand-cleared  resprouts  compared  to  burn 
resprouts.   Arct ost aphyl os  glandulosa  resprouts 
following  hand  clearing  initially  show  a  higher 
photosynthet ic  rate  but  by  August,  9  months  after 
harvesting  the  rates  are  only  marginally  higher 
(Oechel  and  Hastings,  unpublished  data).   Since 
resprouts  following  hand-clearing  do  not  show  the 
marked  increases  in  photosynthet ic  rate  generally 
shown  by  post-fire  resprouts  it  appears  that 
nutrient  release  associates  with  fire  is  more 
important  than  improved  moisture  status  following 
fire  in  elevating  resprout  phot osynthet ic  rates. 
This  difference  between  photosynthesis  rates  in 
resprouts  following  burning  and  hand-clearing 
makes  it  difficult  to  predict  regrowth  rates 
following  biomass  harvesting  from  regrowth  rates 
following  fire.   While  data  for  growth  rates 
following  fire  is  limited,  regrowth  rates 
following  harvesting  is  more  limited  and 
extrapolations  from  fire  resprouts  is  tenuous. 


Figure  7 — Photosynthesis  rates,  leaf  conductance, 
and  tissue  water  potential  in  1980  in  mature  (34 
old)  Quercus  dumosa  and  in  Q^.  dumosa  resprouts 
following  harvesting  in  June  1979. 


Cont  rol s  on  Net  Carbon  balance  and  Biomass 
Accumulat  ion 


tile 


I 


Net  productivity  depends  on  net 
photosynthesis,  respiration  and  carbon  allocatii 
patterns.  Respiration  rates  for  stems  is  fairl; 
low  on  a  dry  weight  basis,  the  rates  being  less 
than  0.8  mg  g~  dry  wt  .  h~  in  stems  larger  thai  Ijeij 
6  mm  in  diameter.  However  stem  diameter  effect 
respiration    rate    on    a    dry   weight    basis    with 

decreasing    diameter    below   6   mm,    respiration 
rapidly    increases    on    a    dry   weight    basis    (fig.    8    [Jj^ 


162 


Wlij 


1  " 

Echo  Volley 

:t^  2.0 

- 

^''^^    1.6 
^O     1.2 

• 

=  E   0.8 
i         0.4 

/ 

n 

:V^ 

• 

:«^>i=: 

:^rir: 

ji^ 

0 


2       4        6        8       10      12      14 

Stem  Diameter,  mm 


g-e  8 — Relationship  between  stem  diameter  and  stem 
ir  respiration  rate  at  25°C  for:   Arctostaphylos 
a'^   (^)  J  Quercus  dumosa  (■),  Rhus  ovata  (A), 
!a)thus  greggii  (Q) ,  and  Adenostoma  fasciculatum 
^  measured  in  May- June  at  Echo  Valley.   From 
c?l  and  Lawrence  (In  press) . 


In  mature  shrubs  about  2/3  of  the  net 
f Dt osynt hes is  goes  to  maintenance  and  growth 
fispiration  leaving  about  1/3  of  the  net 
pjtosynthesis  for  growth  (fig.  9).   Carbon 
alocation  is  about  equally  distributed  between 
laves,  stems  and  roots,  each  receiving  about  a 
t'ird  of  the  fixed  carbon.   The  harvested 
mierial,  however,  well  may  be  comprised  of  leaf 
ni:erial  which  will  turn  over  at  a  high  rate 
('.-235  g  m~^   y"^)  (Oechel  et  al  .   In  press)  but 
wich  will  not  accumulate  on  an  annual  basis  once 
t>   maximum  leaf  area  index  is  reached  following 
h-vesting.   This  means  that  the  only 
a-urrulat  ion  accessible  for  harvesting  comes  from 

ib^  2 — Simulated  annual  allocation  (g  dry  wt  m 

•1 

to  leaves,  stems,  main  roots  and  absorbing  roots 

)ur  shrubs  from  pure  stands  of  22-year-old 
I'ornian  chaparral  (modified  from  Oechel  and 
W'.nce  Iri  press)  . 


ipecies 


I 


,*1:  lostaphylos 

.auca 
■  Aj  tostoma 

LSciculatum 
C<  lothus 
eggii 


Main 
roots 


Absorbing   Total 
roots 


g  dry  wt  m   y 
(pet.  of  total) 


235  (48)  74  (14)  22  (4)  194  (37)  525 

72  (17)  190  (22)  94  (22)  67  (16)  423 

181  (49)  58  (16)  25  (6)  108  (29)  372 

109  (42)  64  (25)  31  (12)  57  (22)  261 


Arctostaphylos  glauca      Carbon  Allocation     %  of  Total 


leaves 
stems 


31 

33 


large  roots  12 

absorbing  roots     24 


Growth  36  % 

(Srowth  respiration  1 7  % 

Maintenance  respiration        47  % 


^64' 


Figure  9 — Estimated  carbon  allocation  to  growth  and 
respiration  of  various  structures  in  Arctostaphylos 
glauca.   Values  were  calculated  from  field  and 
laboratory  experiments,  field  observations,  and 
calculations  and  extrapolations  using  simulation 
models.   From  Oechel  and  Lawrence  (In  press) . 


stem  growth,  which  is  only  lA  to  45  percent  of 
the  total  plant  biomass  production  and  only  5  to 

16  percent  of  the  net  photosynthesis  (table  2) 
(Oechel  and  Lawrence  In  press) . 

Allocation  patterns  of  shrubs  in  the  chaparral 
are  of  prime  importance  in  attempting  to  model 
biomass  accumulation  following  harvesting. 
However,  relatively  little  is  known  of  the 
pattern  of  carbon  accumulation  following  fire  or 
harvest  ing . 

In  young  seedl ings  of  Ceanothus  crass  i  f ol ius 
fertilized  with  1 /A  strength  Hoagland  s  solution 
and  1  mM  NO    only  about  50  percent  of  the  carbon 
taken  up  in  photosynthesis  is  respired  by  the 
plant.   The  remaining  50  percent  goes  to  growth 
(table  3).   Stem  respiration,  which  is  a  major 


Table  3 — Calculated  annual  budget  for  Ceanothus 
crassifolius  seedlings  receiving  one-quarter  strength 
Hoaglands  solution  containing  ImM  N0„.   Respiration 
calculated  for  24  h/d  at  15°C  except  for  leaves 
(11  h/d) .   Photosynthesis  is  calculated  at  the 
maximum  photosynthesis  rate  for  12  h/d  (modified 
from  Oechel,  Lowell,  and  Jarrell  In  press) . 


Leaf 
photosynthesis 


512 


Leaf 
respiration 


Stem 
respiration 


Root 
respiration 


Net  plant 


g  CO  y"-"-  plant"^. 
(pet.  of  total) 


179  (35) 


57  (11) 


31  (6) 


243  (48) 
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source  of  carbon  loss  in  mature  stands,  accounts 
for  only  an  11  percent  loss  of  the  carbon 
assimilated  in  photosynthesis  by  the  seedling. 
Similarly,  root  respiration  is  much  lower  in 
seedlings  than  in  mature  plants  being  6  percent 
of  the  net  CO   uptake  in  Ceanothus  crassifolius 
seedlings  (table  2)  compared  to  a  calculated 
26  percent  in  mature  Ceanothus  greggii 
individuals  (table  4).   Therefore,  seedlings 
would  be  expected  to  accumulate  carbon  more 
rapidly  than  mature  individuals  of  the  same  leaf 
area  index,  due  to  the  lower  loss  of  carbon  to 
respiration  in  the  seedlings. 

-2   -1 
Table  4 —  Simulated  carbon  budget  (g  C0„  my) 

for  four  shrubs  from  Californian  chaparral  (modified 

from  Oechel  and  Lawrence  In  press) . 


Sp«clM 

S«t  CO, 
upt*k« 

LMf 

Sta 

Root 

Net  plane 

resplracloa 

r«»plr«tlon 

rtsplratlon 

CO^  uptaka 

Arctostaphvlo* 

2116 

300  (14) 

615  (29) 

429  (20) 

772  (36) 

glauca 

Ad«nostoa« 

1784 

638  (30) 

291  (14) 

232  (11) 

622  (29) 

fasclculacum 

C«anothua 

1556 

222  (14) 

390  (25) 

397  (26) 

547  (35) 

xrennti 

Rhus  ov»c« 

978 

150  (13) 

176  (18) 

267  (27) 

384  (39) 

Interestingly,  II  month  old  seedlings  of 
Ceanothus  crassifolius  accumulate  carbon  at  the 
annual  rate  of  248  g  CO   •  per  plant.   At  a 
density  of  1  plant  per  meter  square,  this 
translates  to  a  dry  weight  accumulation  of  165  g 
dry  wt  m~  y~K      For  plants  of  only  22  g   m~^ 
the  rate  of  biomass  increased  is  165  g  m        y~  . 
This  is  44  percent  of  the  value  achieved  by 
mature  Ceanothus  greggi  i  with  a  standing  crop  of 
5085  g  dry  wt  m~^  (Oechel  and  Lawrence  _l£  press) 

Lower  accumulation  rates  of  biomass  with 
increasd  age  are  well  known  for  chaparral 
(Sampson  1944,  Mooney  1977).   Two  factors  may 
account  for  this.   Firstly,  resprouters  possess  a 
well  formed  root  system  following  fire  which 
facilitates  water  and  nutrient  uptake.   The 
extent  of  the  root  die  back  following  fire  is  not 
known,  but  the  major  roots  and  many  of  the  fine 
roots  may  persist  to  maintain  favorable  moisture 
and  nutrient  balances  following  fire  or 
harvesting.   Secondly,  immediately  after  fire  or 
harvesting,  stored  reserves  in  the  burl  may 
augment  initial  shoot  growth,  resulting  in  rapid 
initial  rates  of  growth.   Thirdly,  younger  plants 
have  a  lower  "overhead"  of  respiring  stem  mass. 
Young  plants  from  seed  also  lack  a  massive  burl 
and  root  system  to  maintain. 

Short  rotation  intervals  have  been  suggested 
for  shrub  harvesting.   However,  on  a  short 
rotation  basis,  respiration  rates  of  the  burl  and 
secondary  roots  may  begin  to  consume  large 
proportions  of  the  available  carbohydrate,  and 
may  result  in  lower  production  than  predicted 
from  data  acquired  from  regrowth  rates  following 
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longer  rotation  intervals  where  reserves  have  ha  ,. 
an  adequate  period  to  accumulate. 


The  rate  of  shoot-growth  may  be  very  great  t 
first  year  after  fire.   This  rapid  growth  rate  i] 
presumably  largely  dependent  on  reserves  stored 
since  the  last  fire  and  may  be  enhanced  by  the 
increased  moisture  and  nutrient  availability 
following  fire.   This  spurt  of  growth  may  be 
important  when  competing  for  light  and  other 
resources  after  harvesting  or  fire.   Rapid 
exposure  of  leaf  area  may  be  very  important  in 
the  long  term  net  carbon  uptake  by  an  individual 
Therefore,  it  would  be  dangerous  to  extrapolate 
from  regrowth  following  fire  to  regrowth 
following  harvesting,  especially  under  altered 
periods  between  regrowth. 
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As  the  interval  between  harvesting  decreases 

the  time  to  restore  reserves  used  in  the  regrowl 
process  also  decreases.   The  net  result  may  be 
decreasing  reserves  in  the  burl  and  hence 
regrowth  rates  less  than  those  predicted  from 
resprouts  following  fire. 

Also,  phot osynt het ic  rates  will  be  lower  in 
resprouts  following  biomass  harvesting  due  to  t 
lack  of  stimulation  of  growth  and  phot osynthesi 
from  the  increased  nutrient  availability  which 
fol lows  f i  re . 
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There  is  little  evidence  of  stem  or  leaf 
carbohydrate  levels  being  lower  in  resprouts 
following  harvesting  (Oechel  and  Hastings  In 
press).   However,  the  abundant  carbohydrate 
levels  found  in  resprout  stem  and  leaf  material 
may  represent  movement  of  carbohydrate  from  the 
burl  and  root  system  to  growing  points  in  the 
shoot  s  . 


CONCLUSIONS  AND  FUTURE  RESEARCH  NEEDS 

Possible  management  techniques  include 
managing  for  fewer,  larger  diameter  stems  rathej 
than  smaller  diameter  stems  which  have  higher 
respiration  rates.  Stands  with  younger,  higher! 
density  seedlings  and  sprouts  should  be  much  mo! 
productive  than  mature  stands  with  the  same  leaj 
area  index.  To  predict  the  long  term  potential 
of  harvesting  chaparral,  and  the  optimal 
intervals  for  harvesting,  studies  of  the  entire! 
carbon  balance  of  resprouts  are  necessary.  Sue! 
a  study  should  include  phot osynt het ic  rates, 
respiration  rates,  nutrient  levels  and  the 
carbohydrate  content  of  leaves,  stems,  burls  ar 
root  systems  following  harvesting.  These  resul 
should  be  compared  to  those  from  fire  resprout 

Further  research  needs  include: 
1)   Study  of  the  fate  of  the  fine  root  systems 
resprouters  following  fire  and  harvesting;  2) 
Determination  of  the  carbohydrate  content  of 
burls  and  secondary  roots  of  resprouts  followii 
fire  and  harvesting;  3)   Determination  of  the 
changes  in  stem  size  classes  and  distribution 
through  time;  4)   Determination  of  the  causes  i 
elevated  phot osynthet ic  rates  of  resprouts 
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iTVesting  with  rotation  intervals, 
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Maquis  for  Biomass^ 


N.  S.  Margaris- 


In  the  Mediterranean  basin  region,  about 
200,000  hectar  .■5are  burnt  every  year.  In  moderate 
estimations,  the  aboveground  biomass  lost  is  of 
the  order  of  magnitude  of  I.ZXIO^  tons,  and  accord- 
ing to  Le  Houerou  (1973)  the  direct  damage  is  at 
least  50  million  dollars.  From  the  other  side, 
great  amounts  of  money  are  spent  for  fire-fighting. 
The  same  situation  prevails  not  only  in  the 
regions  of  the  Earth  with  mediterranean-type 
climate  (California,  S.  Africa,  Chile,  Australia) 
but  almost  in  all  ecosystems,  except  for  those  in 
the  very  cold  and/or  very  humid  climates.  In 
Canada,  for  example,  forest  fires  cause  a  loss  of 
Lhe  order  of  magnitude  of  50  million  barrels  of  oil 
per  year  (Bene  et  al.  1978). 

Nowadays,  when  liquid  fuel  deficiency  distress- 
es extended  areas  of  the  Earth,  it  is  time  to 
stop  this  great  loss  of  energy  and  organics. 
Greece  will  be  taken  as  an  example  in  the  discus- 
sion because,  first,  the  author  has  an  adequate 
experience  of  this  region  and,  second,  because 
this  country  has  to  confront  many  oppressive 
problems,  such  as  fuel,  wood, and  paper  deficiency 
and  great  expenditures  on  fire-fighting.  If  these 
problems  are  studied  all  together,  it  is  quite 
probable  that  the  one  will  offer  the  solution  to 
the  other. 

CURRENT  PROBLEMS  RELATED  TO  THE  LACK  OF  LIQUID 
FUELS  IN  GREECE 


Greece  has  to  import  the  wh 
liquid  fuels  needed.  The  antic 
tion  from  1981  of  25,000  barre 
cover  only  10  percent  of  needs 
liquid  fuels  price  raising  of 
Greek  Government  has  been  tryi 
consumption.  Nevertheless,  it 
ing  at  a  rate  of  10  percent  pe 
of  saving  foreign  exchange  for 
maximizes  the  problem,  especia 
last  period,  when  price  raisin 
high.  Petrol  price,  for  exampl 
US  $  per  litter  (not  gallon  I) 
possible  one  of  the  highest  in 
Beside  this  increase,  the  Gove 
to  a  whole  series  of  relative 
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Abstract:   Mediterranean  regions,  like  Greece, 
have  to  face  many  problems,  such  as  fuel,  wood 
and  paper  deficiency.  In  addition  to  that,  great 
amounts  of  money  are  spent  every  year  for  fire 
fighting.  The  suggested  harvest  of  mediterranean 
type  ecosystems  every  10  years  will  contribute 
to  a  combined  solution  of  all  these  problems. 


most  important  among  them  is  the  prohibition  of 
cars  circulation  every  second  week-end  from  5  o' 
clock  in  the  morning  of  Saturday  to  5  o'clock  in 
the  morning  of  Monday.  Others  were  the  shortenini 
of  oil  disposal  for  heating  or  cooling  purposes, 
the  turning  off  lights  of  shop  boards  and  adverti 
ments,  in  streets  and  national  roads,  the  applic, 
tion  of  differential  office  and  shop  hours,  the 
closing  of  every  place  of  amusement  at  2  o'clock] 
in  the  morning, etc.  j 

These  means  led  to  a  quite  significant  life 
disturbance  of  the  Greek  population  after  1979 
summer.  At  that  time  there  appeared  a  tendency  cj 
behalf  of  those  who  could  afford  it,  to  purchase: 
a  second  car  -  fact  not  so  common  in  Greece  -  ir 
order  to  avoid  the  problem  of  family  transport 
during  week-ends.  However,  the  Government  impost 
such  a  heavy  taxation  that  car  purchase  became 
problematic,  especially,  for  those  who  had  none 
In  this  way  cars  price,  in  Greece,  is  almost  th:' 
times  higher  than  that  in  the  other  western  cour 
tries.  In  the  same  time,  the  Government  promisei 
to  give  more  money  to  the  research  on  other  ene/||, 
sources,  something  not  realized  yet.  Inflation 
(25  percent  for  1980)  and  the  tremendous  increa 
of  payment  balance  deficit  -  since  imports  far 
exceed  exports  -  which  was  during  1980  about  2-, 
billion  dollars,  are  two  major  problems  in  Gre 
economy.  Large  amounts  of  foreign  exchange  are 
also  expended  for  the  import  of  wood  and  paper, 
since  the  Greek  production  covers  only  25  perce 
of  the  needs  for  the  first  and  just  10  percent 
for  the  second. 


THE  NATURAL  ENVIRONMENT 

The  total  surface  of  Greece  (9  million  peopj 
covers  13  million  hectares  from  which  20  percei 
are  forests,  30  percent  cultivated  land,  10  pei 
cent  urban  and  semi-urban  areas,  roads,  water 
surfaces,  etc.,  while  the  rest  40  percent  corr(| 
spend  to  mediterranean-type  ecosystems.  Two  ty| 
of  mediterranean  climate  ecosystenris  can  be  dis 
cerned;  maquis  and  phrygana.  Plants  dominating 
maquis  are  adapted  to  the  summer  drought  by  me 
of  evergreen  sclerophylly ,  while  those  in  phry 
(coastal  sage)  by  the  mechanism  of  seasonal  di 
morphism. 

The  combination  of  high  temperatures  and  vi/aj| 
deficiency  during  the  summer,  leads  to  a  high 
frequency  of  recurring  fires  in  them.  The  relaW 
of  this  climatic  type  with  fire  has  been  since 
long  noticed  (Griesebach  1872).  Shantz  (1945),! 
his  review  for  the  mediterranean  type  ecosystef 
of  California,  refers  to  them  as  "fire-type"  S 
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Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  P!' 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture:  1982.  - 


sys  further:  "...  that  this  type  was  ever  free 
fom  fires  seems  unlikely".  According  to  Mutch 
(97[)),  ecosystems  subject  to  frequent  fires  for 
tousands  of  years  have  developed,  in  the  course 
c  evolution,  properties,  which  make  them  extreme- 
]  flammable. 

■  Bisu/ell  (1973)  says:  "Fire  in  chaparral  is  both 
rtural  and  inevitable.  It  has  always  occured  and 
pDbably  always  will,  because  vegetation  becomes 
etremely  dry  near  the  end  of  a  long,  hot,  nearly 
linless  summer.  At  that  time,  also,  humidity  may 
t  extremely  low  and  winds  high". 

As  we  have  already  mentioned  mediterranean  type 
e^systems  are  called  "fire-induced"  or  "fire- 
a'apted".  Plants  dominating  in  them,  have  develop- 
e  such  adaptations  which  not  only  help  them  to 
srvive  after  fire  attack  but  periodic  fires  every 
1-20  years  or  so  appear  necessary  to  maintain 
tair  good  health. 

Plants  recovery  after  a  fire,  follows,  basical- 
1,  two  ways.  Prennials,  dominating  in  maquis, 
UJally  recover  by  resprouting.  Naveh  (1973) 
r"ers  to  them  as  obligatory  resprouters,  while 
t  those  dominating  in  phrygana  as  facultative 
r'sprouters,  since  they  recover  both  by  resprout- 
ij  and  through  their  seeds,  the  germination  of 
\i(Lch  is  activated  after  a  fire.  The  plant  species 
Pius,  found  in  maquis,  and  Cistus,  in  phrygana, 
r;over  only  through  their  seeds. 

The  growth  of  the  new  plants  is  very  quick  and 
a:er  5-10  years,  the  burnt  area  cannot  be  dislin- 
g'lshed  from  the  unburnt.  The  quick  recovery  can 
b  attributed  to  an  increased  photosynthetic  rate 
0  the  resproutings,  since  after  fire  the  new 
lives  are  larger  and  have  a  greater  chlorophyll 
Client  per  unit  of  weight  (table  1). 


THE  SOCIAL  ENVIRONMENT 

For  reasons  which  are  beyond  the  scope  of  this 
article,  the  Greek  society  considers  fire  as  a 
terrible  and  unnatural  event,  which  did  not  happen 
in  earlier  times.  From  that  derives  the  govern- 
mental policy,  based  on  fire  exclusion.  We  must 
mention,  however,  that  both  in  earlier  times  and 
today  fire  burned  every  year  the  same  percent- 
age of  land  (figure  1). 
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Figure  1 — Area  burnt  per  year  in  Greece. 


The  exact  effect  of  fire  is  essentially  confused 
with  overgrazing.  But  the  fact  is,  that  the  after 
fire  resproutings  are  either  eaten  or  trampled  by 
the  passing  animals  and  only  the  combination  of 
fire  and  overgrazing  leads  to  the  degradation  of 


Table  1 — Chlorophyll  content  (mg.g   leaf  dry  weight) 
in  leaves  of  normal  and  burnt  plants.  Fire  occured 
in  July  1976  (Arianoutsou  1979). 
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ecosystems  and  to  the  "Asphodel  deserts". 

In  this  way,  quite  often  during  the  summer 
months  the  most  important  article  of  the  Greek 
newspapers  concerns  fires  vi/hich  almost  always  are 
attributed  to  criminal  activities.  By  being  opposed 
to  such  an  oversimplified  explanation  we  do  not 
deny  its  validity  in  a  few  cases,  since  it  is 
known  that  shepherds,  themselves,  in  NW  Greece 
(Papanastasis  1977),  Crete  island  and  other  places, 
light  on  fires  which,  they  believe,  improve  the 
pasture  production,  since  the  first  one  or  two 
years  after  the  fire  an  interlude  of  herbaceous 
vegetation  appears  in  the  burnt  area.  The  way  with 
which  the  Greek  State  confronts  fires  is  excellent- 
ly described  by  Biswell  (1974)  although  he  is 
occupied  with  the  situation  in  California.  Of 
course,  the  available  material  and  the  experience 
of  the  Greek  firemen  are  still  far  back. 

"In  spite  of  man's  capability  to  fight 
wildfires  with  the  most  modern  aerial 
and  ground  equipment  and  the  best 
trained  firemen  in  the  world,  it  seems 
certain  that  wildfires  in  chaparral 
cannot  be  completely  prevented.  Good 
intensions  and  large  expensive  efforts 
in  fire  control  do  result  in  fires  at 
less  frequent  intervals.  But  with 
longer  time  between  fires,  the  fuels 
continue  to  build  up  and  become  more 
widespread, and  when  fires  do  get  out 
of  control,  the  toll  in  human  life, 
natural  resources,  and  cost  is  enor- 
mous" . 

Biswell  (1974)  proposes  prescribed  burning 
every  15-20  years  for  confronting'  these  problems. 
In  Australia,  in  areas  of  relative  climate,  this 
has  already  become  a  reality  with  the  use  of 
aerial  ignition  (Vines  1968).  Before  proceeding 
further  we  must  mention  that  the  chief  objection 
to  burning  mediterranean  type  lands  both  in 
California  and  in  the  Mediterranean  basin  is  its 
alleged  detrimental  effect  on  soil  erosion  and 
stability.  Sampson  (1946),  in  California,  express- 
ed his  opposition  to  the  rash  and  broad  general- 
ization and  suggested,  in  contrary,  a  fiie  con- 
sideration taking  into  account  the  specific  eco- 
logical conditions.  The  same  suggested  later  on 
Naweh  (1974)  for  Israel  and  Liakos  (1973)  for 
Greece. 

The  official  policy  of  fire  exclusion  and  the 
confusion  of  protection  of  environment  with  pro- 
tection of  forests  as  well  as  convenience  in 
using  liquid  fuels  led  Greece  in  less  than  20 
years  in  complete  dependance  upon  oil  as  a  fuel. 
Therefore,  80  percent  of  the  Greek  population 
uses  oil  for  heating  purposes.  During  only  the 
period  1970-1975  the  production  of  oil  stoves  was 
600,000  items.  In  the  same  time  the  prohibitions 
of  wood  cutting  result  inevitably  in  fuel  accumu- 
lation as  aboveground  biomass,  which  will  cause 
catastrophes,  when  fire,  early  or  late  outbreaks. 
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ARE  THERE  MEANS  OE  EACING  THESE  PROBLEMS? 

The  above  mentioned  may  be  summarised  in  that 
from  the  one  side  there  is  a  social  disturbance 
due  to  the  oil  deficiency  and  the  excessive  demari' 
of  foreign  exchange  for  its  purchase  as  well  as 
for  the  import  of  wood,  paper,  animal  food,  and 
from  the  other  side  the  problem  of  fires  which  in 
the  way  it  is  faced  will  lead  to  severe  damages. 
What  we  propose  is  the  utilization  of  fire-type 
ecosystems.  Rotating  harvesting  of  them  will,  if > 
not  exclude,  moderate  in  a  considerable  extent  al 
these  problems.  We  believe  that  our  suggestion  sl 
passes  that  of  Biswell  (1974)  for  prescribed  burr 
ing  in  that  not  only  the  fire  problem  is  faced  bi 
also  energy  and  organics  which  these  ecosystems 
contain  are  not  lost. 

In  figure  2  our  suggestion  is  presented  in  a 
simplified  way.  According  to  the  present  data, 
concerning  the  frequency  of  fires,  it  seems  that 
an  ecosystem,  aged  20  or  30  years  is  mature  to  bij 
burnt  (Trabaud  1973,  Biswell  1974).  However,  the 
net  productivity,  especially  as  the  ecosystem 
approaches  the  climax  is  always  declining.  ThereJ 
fore,  10  years  after  fire  the  aboveground  biomas 
is  only  slightly  increasing.  If  instead  of  waiti 
a  fire  outbreak,  we  harvest  the  ecosystem  every 
10  years,  the  posibilities  of  a  catastrophic  fir; 
are  reduced  and  in  parallel  to  that  the  net  prodf 
tivity  is  maintained  at  a  high  level,  and  conse- 
quently, there  is  a  gain  in  energy  and  organics. 


The  next  step  is  to  find  the  appropriate  area 
where  such  a  harvest  can  take  place.  Since,  in 
Greece,  mediterranean  type  ecosystems  comprise  ^  felt 
percent  of  the  total  surface,  a  4  percent  harves 
ing  every  year  will  yield  about  94X10-'-2  kcal, 
which  is  equivalent  to  over  80  percent  of  our  ir  fsted 
ports  in  oil  (Margaris  1979).  It  is  certain  thalksaii 
the  mountainous  relief  of  Greece  does  not  permHJ 
for  the  time  this  kind  of  harvesting.  However, 
such  a  project  may  be  applied  in  maquis,  which 
consist  about  half  of  the  surface  covered  by    leili 
mediterranean  type  ecosystems,  but  contain  80  p  iratit 
cent  of  their  total  above  ground  biomass.  A  ten  s. 
year  rotating  harvesting  of  those  maquis  locate 
on  level  ground,  which  cover  about  10  percent  o  'ten 
the  total  Greek  surface  seems  quite  feasible.  I 
is  estimated  that  the  aboveground  biomass  contaHo 
ed  in  them  is  about  6  kg.m~2.  Therefore,  harves 
ing  1  percent  of  the  Greek  surface  (  or  10  perce  U 
of  maquis  ecosystems,  which  may  be  easily  harvs  kcl; 
ed)  every  year,  will  yield  a  biomass  of  the  ore 
of  magnitude  of  12X10°  tons.  This  amount  is  eqi 
valent  to  over  40  percent  of  our  oil  imports.  1  tki 
fuel  needed  for  this  harvest  will  not  be  too  cc  list 
ly,  in  these  level  ground  areas,  if  self-propej  loi 
harvesting  machines  are  used,  like  those  suggef  fc 
ed  by  Mitre  Corporation  (1971)  for  harvesting 
large-scale  energy  plantations  with  harvesting  'tli 
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ability  of  35  tons  per  hour. 

The  estimations  of  a  prefeasibility  analysi: 
published  in  a  previous  work  (Margaris  1981)  h 
shown  that  the  harvesting  cost  of  a  23,000  hec 
unit  harvested  by  1/lG  every  year  will  not  sur 
3  US  $  per  ton  dry  matter,  which  seems  quite  s 
isfactory.  j 
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re  2 — Biomass  and  fire  risk  in  Mediterranean- 
ecosystems  under  natural  and  harvest  condi- 
s. 


HARVESTING  SUBSTITUTE  FIRE? 

ne  of  the  first  remarks  when  harvesting  is 
ested  is  whether  the  harvested  system  recovers 
he  same  way  as  the  burned  system. 

s  a  first  attempt  to  give  an  answer  to  this 
Jttion  we  have  started  observations  in  regions 
lered  in  the  past  by  the  National  Electric 
Dioration  in  order  to  install  high  voltage 

ir  s. 

n  harvested  areas  it  seems  at  first  sight  that 
ifsystem  has  developed  guite  normally.  Of  course 
t  s  obvious  that  there  is  less  biomass  in  the 
Jiested  area,  but  it  must  be  taken  into  account 
ic  the  unharvested  area  of  the  picture  has  reach- 
J  he  climax  and  has  not  suffered  the  fire  im- 
jc-s  for  the  last  40  years. 

Bnother  observation  is  related  with  erosion 
|h  is  believed  to  get  intensified  after  harvest- 
However,  reality  seems  to  counteract  the 
limism  of  the  theory. 


n  the  profile  of  figure  3  we  show  schematical- 
/'"le  biomass  location  in  the  harvested  and  un- 
Hssted  areas.  It  can  be  seen  that  biomass  is 
Jrer  over  the  height  of  1  meter  in  the  unharvest- 
1  "lereas  below  1  meter  in  the  harvested  area. 
ir?quently,  in  the  unharvested  area  there  are 
Jtthe  trunks  of  the  bushes  at  the  height  of 
■Jiieter,  while  herbaceous  vegetation  is  totally 


absent.  As  a  result  the  soil  is  swept  away  forced 
by  the  downwards  movement  of  water.  On  the  con- 
trary, in  the  harvested  area  the  resproutings  are 
in  soil  contact  thus  alleviating  the  erosion 
effect. 
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ourse  we  must  say  that  with  the  harvesting 
ose  a  quantity  of  nutrients  will  be  taken 
om  the  systems.  We  have  shown,  however,  in 
ous  work  (Marqaris  1979)  that  they  will  be 
obably  replaced  by  the  nutrients,  coming 
e  rain.  Also,  our  first  observations  in  the 
Iready  harvested  by  the  Electric  Corporation 
at  Papilionaceae  species  increase  their  con- 
on  to  the  biomass,  something  very  interest- 
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Figure  3 — A  schematic  biomass  profile  under  natural 
and  harvested  conditions  in  an  area  in  North  Greece 
harvested  before  7  and  17  years. 


ECOtOGICAL  ADVANTAGE 

It  is  mentioned  abo\/e  that  the  technique  of  pre- 
scribed burning  is  used  both  in  Australia  and  in 
California  in  the  management  of  mediterranean-type 
ecosystems.  However,  it  must  be  taken  into  account 
that  with  this  technique  the  natural  ecosystems 
are  successfully  preserved  but  on  the  other  hand 
immense  quantities  of  energy  and  organics  are  lost; 
moreover,  there  is  always  the  danger  the  fire  be- 
come uncontrolled. 

In  comparison  with  energy  plantations  the  advan- 
tages are  much  more.  There  are  no  problems  such  as 
sensitivity,  diseases,  inputs  of  energy  and  ferti- 
lizers, common  to  all  monocultures. 

However,  what  is  more  important  in  our  opinion, 
is  the  possible  increase  of  the  system  diversity. 
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Ten  years  after  the  initial  harvesting  there  M/ill 
coexist  areas  harvested  before  1-10  years,  so  that 
different  stages  of  the  post-harvest  succession 
will  be  present  in  the  same  ecosystem.  Furthermore, 
there  is  a  possibility  of  1X2X3X...X10  combinations 
between  different  post-harvest  stages  which  can  be 
brought  into  contact.  In  this  way,  the  roles,  the 
organisms  can  play  in  the  system,  are  multiplied 
with  a  subseguent  possible  increase  of  the  total 
number  of  both  plant  and  animal  species  in  the 
post-harvest  period. 
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rdwood  Biomass  Inventories  in  California' 


iium  H.  Pillsbury  and  Michael  L.  Kirkley^ 


Abstract:  A  base  of  information  about  hardwood 
resources  in  California  has  been  accumulating  as 
a  result  of  on  going  studies  as  well  as  several 
which  have  been  completed  in  the  last  three  or 
four  years.  Inventory  studies  can  be  classified 
at  three  general  levels:  by  measuring  individual 
trees,  stands  of  trees,  or  extensive  forested 
areas.  Those  studies  relating  to  tree  inventory 
are  often  used  for  volume  table  developnent, 
while  the  second  level  of  inventory  describes 
stands  of  trees  with  interpretation  aimed  at 
hardwood  management  practices.  Lastly,  large- 
scale  inventories  are  being  conducted  to 
determine  the  acreage  of  hardwood  forest  and 
woodland  resources  in  selected  areas  of 
California.  These  inventories  represent  the 
development  of  an  important  data  base  necessary 
for  management  and  protection  of  hardwood  forests 
in  California. 


j  The  first  hardwood  inventory  in  California  was 
t:  published  until  1950.  However,  in  the  past 
t'ree  years  about  15  studies  have  either  been 
polished  or  are  in  progress.  This  rapid 
i:rease  in  studies  largely  stans  from  the 
i':r eased  value  and  utilization  of  wood  and  the 
3:reasing  hardwood  land  base.  Even  though  the 
p'.ce  of  a  cord  of  wood  has  quadrupled  in  the 
p'st  three  years,  wood  cutting  suppliers  are 
pwiding  greater  volumes  of  wood  to  consumers 
a:h  year  (Pillsbury  and  Williamson  1980; 
Ojartment  of  Forestry  1980) .  It  appears  that 
u.ng  wood  to  supplement  heme  heating  is  still  an 
ixDrtant  economical  and  recreational  use  of  wood 
£■  many  Calif ornians.  However,  the  current  high 
v.ue  of  wood  also  encourages  many  landowners 
eiier  to  harvest  their  hardwoods  as  a  one-time 
c;h  crop  or  as  part  of  a  long-term  management 
pin.  Interest  in  the  management  of  hardwood 
rwurces  for  aesthetics,  wildlife,  range,  wood 
piducts,  and  urban  uses  was  expressed  by  many 
P'ple  at  a  recent  symposium  on  the  ecology, 
tttiagement,  and  utilization  of  California  oaks 
{:  umb  1980)  .  Unfortunately,  only  a  small  amount 
o:  hardwood  management  information  is  available 
al'Ut  a  resource  that  has  been  largely  ignored  or 
iared  in  favor  of  canpeting  land  uses.  Of 
pimary  importance  is  the  need  for  a  sound 
ii  entory  -  the  data  base  necessary  for  develop- 
ii  management  guidelines. 

A  review  of  existing  studies  shows  that 
a  eral  state  and  federal  resource  agencies  are 
>oming  more  supportive  of  hardwood  resource 


'resented  at  the  Symposium  on  Dynamics  and 
tagement  of  Mediterranean-type  Ecosystems,  June 
i'26,  1981,  San  Diego,  California. 

'ssociate  Professor  and  Graduate  Research 
^Jistant,  respectively.  Forestry  Program, 
*ural  Resources  Management  Department, 
iifornia  Polytechnic  State  University,  San  Luis 
)l:5po. 


investigations,  but  that  our  total  knowledge  is 
rudimentary  and  inadequate.  This  report  traces 
the  history  of  hardwood  inventory  research  in 
California.  The  following  inventory  studies  can 
be  classified  into  three  general  levels:  those 
that  measure  individual  trees,  stands  of  trees, 
and  extensive  forested  areas. 


TE^E  INVENTORIES 

Those  studies  relating  to  tree  inventory  are 
often  designed  to  create  volume  tables. 
Approximately  five  reports  containing  volume 
tables  for  California  hardwoods  are  in  progress 
or  have  been  completed.  All  existing  tables  have 
been  developed  for  specific  uses  in  a  local  or 
regional  area  and  generally  are  not  compatible 
due  to  different  methods  of  measurenent  and 
utilization  standards. 

Unmanaged  stands 

Board-foot  and  cubic-foot  volume  tables  were 
developed  in  1950  by  Hornibrook  and  others  for 
California  black  oak  {Queraus  kelloggii   Newb.), 
Oregon  white  oak  (g.  qarnjana  Dougl.),  Pacific 
madrone  {Arbutus  menziesii   Pursh)  and  tanoak 
{Lithoaarpus  densiflorus    (Hook.  &  Arn.)  Rehd.}. 
Sample  trees  were  selected  along  right-of-way 
clearings  in  Mendocino,  Trinity,  Humboldt  and  Del 
Norte  counties  in  California  and  Josephine  County 
in  Oregon.  The  sample  did  not  cover  the  ccsnplete 
range  of  each  species.  The  volume  of  each  tree 
was  determined  by  planimetering  measurements  that 
were  plotted  on  Forest  Service  Tree  Measurement 
forms.  Board-foot  tables  used  a  log  scaling 
length  of  8 '  and  a  minimum  top  diameter  inside 
bark  of  10  in.  and  the  log  had  to  contain  a 
straight  and  sound  2  in  x  8  in  x  8  ft  plank.  The 
cubic-foot  tables  include  all  volume  inside  bark 
between  stump  and  a  4  in  top  (inside  bark).  The 
form  class  value,  diameter  at  breast  height 
(d.b.h.),  and  height  need  to  be  determined  before 
using  the  tables. 


^    ch    Rep.  PSW-58.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Range 
>«  lent  Station,  Forest  Service,  U.S.  Department  of  Agnculture;  1982. 
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Figure  1.  The  relationship  between  tree  volumes  measured  standing  and  again  after 
being  cut  for  San  Luis  Obispo,  Monterey,  San  Bemto,  and  Santa  Cruz  Counties,  California. 


The  next  study  did  not  occur  until  15  years 
later  when  papers  by  Wiant  and  Berry  (1965), 
Berry  and  Wiant  (1965)  and  Berry  and  Wiant  (1967) 
discussed  the  development  and  accuracy  of 
cubic-foot  volume  and  tarif  access  tables  for 
tanoak  in  Humboldt  County.  Cubic  foot  volumes 
were  calculated  from  stump  height  (about  1  foot) 
to  a  4-inch  top  (diameter  inside  bark)  excluding 
bark  and  branches  by  the  Huber  formula  for 
section  lengths  of  10  ft.  or  less.  D.b.h.  and 
total  tree  height  values  are  necessary  to  use  the 
tables.  The  authors  found  that  the  greatest 
accuracy  occurred  when  tree-volume  tarif  tables 
were  applied  to  stands  of  uniform  heights. 

The  species  measured  in  the  studies  discussed 
above  tend  to  be  less  branchy  and  have  fewer 
major  forks  than  hardwood  species  growing  in  the 
southern  half  of  California.  A  specialized  field 
measurement  technique  was  developed  by  Pillsbury 
and  Stephens  (1978)  to  construct  volume  and 
weight  tables  for  coast  live  oak  (Q.   agrifolia 
Nee),  blue  oak  {Q.   douglasii  Book.   &  Arn.),  and 
tanoak  in  Santa  Cruz,  San  Benito,  Monterey  and 
San  Luis  Obispo  counties.  Harrington  and  others 
(1979)  used  the  technique  to  develop  a  gross 
volume  table  for  California  white  oak  (also 
called  valley  oak,  Q.    lobata  Nee)   in  San  Luis 
Obispo  and  Monterey  counties.  Tree  volume  was 
determined  (both  outside  and  inside  bark)  by  an 
optical  dendroneter  while  the  trees  were 
standing,  and  again  after  felling,  by  calipers 
and  tape  for  a  sample  of  61  trees.  Every  tree 
segment  (fron  ground  level  to  a  10  cm  diameter) 
was  measured  using  Smalians  formula.  In 
addition,  the  length  of  branch  tips  (defined  as 
the  length  from  the  tip  back  to  a  10  cm  diameter) 
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were  estimated  and  volumes  were  computed  using 
the  formula  for  a  cone  to  obtain  total  tree 
volume,  excluding  foliage.  The  volume  obtained 
frcxti  standing  trees  correlated  well  to  the  volun  j 
of  the  trees  that  were  cut  (Figure  1) .  Thus, 
further  sample  tree  measurements  were  only  taker 
on  standing  trees.  Trees  that  were  felled  were 
also  cut  into  firewood-sized  pieces  and  weighed 
(fresh  green  weight) .  Foliage  and  branches  less 
than  5  cm  in  diameter  were  not  included  in  the 
sample  (Pillsbury  et  at  1978) .  Standard  volume 
and  weight  tables  were  developed  for  both  Englis 
and  metric  units  for  each  species. 
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In  order  to  more  rapidly  inventory  local 
woodlands,  tree  photo  volume  and  weight  tables 
were  developed  for  Monterey,  San  Benito  and  San 
Luis  Obispo  counties  in  1979  (Pillsbury  and 
Brockhaus)  for  coast  live  oak,  blue  oak  and 
valley  oak.  Stereo  color  transparencies  at  a 
scale  of  1:5,000  were  obtained  by  the  U.S.  Fore! 
Service  for  plot  sites.  Visible  crown  diameter 
and  total  tree  height  were  measured  for  each 
sample  tree  on  the  photo  pair  and  correlated  to 
sample  tree  gross  volume  and  fresh  green  weight 
obtained  fron  equations  developed  by  Pillsbury 
and  Stephens  (1978) .  An  aerial  photo  cruising 
example  is  also  included  in  the  report.  The 
authors  recommend  that  a  subsample  of  field  pic 
be  obtained  to  adjust  photo  volumes  to  obtain 
more  accurate  volume  estimates  for  stands  of 
trees. 
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TWO  other  volume  table  studies  in  California 
are  currently  in  progress.  McDonald  (manuscrip 
in  preparation)  is  developing  local  volume  tabl 
for  Pacific  madrone,  tanoak  and  California  blac 
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Ik  on  high  site  lands  in  and  adjacent  to  the 
allenge  Experimental  Forest  in  Yuba  County.  An 
;tical  dendrometer  was  used  to  measure  sections 
:  standing  trees.  A  computer  program  written  by 
iosenbaugh  (1967)  is  being  used  to  reduce  field 
:ta  and  express  volumes  for  different  species 
•3  utilization  standards.  Cubic-  and  board-foot 
(Lumes  (inside  bark)  will  be  given  for  each 
:2cies  to  tree  top,  and  to  a  4-inch  diameter 
:?• 

The  volume  tables  discussed  so  far  were 
:?eloped  fron  sample  trees  located  in  local  or 
rjional  areas.  Only  seven  of  the  native 
rdwoods  in  California  have  been  included  in 
;;se  studies.  Existing  tables  have  used 
liferent  measurement  techniques  and  utilization 
jindards  making  large  scale  inventories 
L)ractical.  The  Renewable  Resources  Evaluation 
It,  Pacific  Northwest  Forest  and  Range 
2)eriment  Station  is  supporting  a  study  at 
I  ifornia  Polytechnic  State  University,  San  Luis 
)  spo  to  develop  standard  volume  tables  for  13 
);the  primary  hardwoods  in  California.  Species 
31  acted  for  volume  table  development  are: 
j.oak  {Lithoaarpus  densiflorus   Hook.  &  Arn.), 
a  St  live  oak  (Q.   agrifolia   Nee),  interior  live 
>  (j'.  wislizenii   A. EC),  blue  oak  {Q..    douglasii 
Ilk.  &  Arn.),  Engelmann  oak  {Q.    engelmannii 
lene),  canyon  live  oak  {q.   ahrysoUpsis 
Itm.),  California  black  oak  {q.   kelloggii 
*b.),  California  white  oak  {q.    lobata   Nee)  , 
)igon  white  oak  {q.   garryma  Dougl.),  Pacific 
Krone  {Arbutus  menz^esii   Pursh) ,  California 
Urel  {JJnibellulavia  califomica      (Hook.  &  Arn.) 
*t},  bigleaf  maple  {Acer  maarophyllum   Pursh) , 
jirit  chinquapin  {Castanopsis  ehrysophylla 
(lugl.)  A.  DC.}. 

To  develop  tables  that  can  have  statewide 
ilLicaticn  it  is  necessary  to  sample  trees 
ttDughout  much  of  their  natural  range  and  in 
Mas  of  different  site  quality,  densities,  and 
tCDgraphy.  U.S.  Geological  Survey  15  minute 
^lirangle  maps  were  randomly  chosen  fron  each 
iTfLon  and  sample  trees  were  selected  frcxn  stands 
Icited  within  the  map  area. 

Trees  12.7  cm  (5  in)  dbh  and  larger  were 
sapled.  Tree  segments  were  measured  up  to  a  10 
3r(4  in)  top  using  an  optical  dendrometer. 
SrLian's  formula  was  used  to  compute  segment 
/cjmes.  Branch  tips  (i.e.  the  end  of  a  branch 
lalng  a  10  cm  diameter  at  the  large  end)  were 
■3.ied  and  an  average  length  assigned.  Branch 
:i  volumes  were  computed  as  a  cone. 

liree  tables  for  each  species  are  being 
ie sloped  in  units  of  cubic  feet  and  cubic 
ne^rs:   (1)  Total  tree  volume  (volume  includes 
il  stem  and  branch  wood  plus  stump  and  bark; 
ix.udes  foliage);  (2)  Wood  volume  (volume 
X)xited  from  stump  height  up  to  a  10  cm  top, 
>u;ide  bark;  excludes  bark);  (3)  Sawlog  volume 
x»)uted  for  trees  28  cm  (11  in)  d.b.h.  and 
1-aier  (volume  computed  from  stump  height  to  a  23 
'3n  9  in)  top  for  straight  sections  2.5  m  (8  ft) 
•l-Oi;  excludes  bark) . 


Approximately  60  trees  of  each  species  were 
sampled  for  a  total  of  780  trees  measured  in  the 
State.  Multiple  regression  volume  equations  will 
be  developed  using  d.b.h.  and  total  height  as 
independent  variables. 


Managed  Stands 

Most  California  hardwoods  are  not  managed, 
however  the  potential  for  establishing 
plantations  for  rapid  production  of  woody  bionass 
for  energy  is  possible  in  parts  of  California 
because  a  vast  amount  of  land  is  located  in  a 
favorable  growing  climate.  The  earliest  known 
plantation  volume  tables  in  California  were 
developed  by  Margolin  (1910)  for  blue  gum 
iEuoalyptus  globulus,   Labill.).  Over  1000  of  the 
largest  trees  fron  groves  in  the  southern  half  of 
California  were  felled  and  diameter  measuranents 
were  taken  at  intervals  of  10  feet  along  the  stan 
of  the  tree.  Volumes  were  determined  by  a 
grapiiical  solution  method  for:   (a)  gross  volume 
in  cubic  feet  including  bark  fron  stump  height  to 
a  2-inch  top  (inside  bark) ,  (b)  board-foot  volun.e 
for  logs  having  a  diameter  (inside  bark)  of  5.5 
inches  or  more,  and  (c)  cubic-foot  volume  of  the 
parts  of  a  merchantable  tree  between  5.5  inches 
and  2.0  inches  in  diameter  inside  bark.  This  is 
the  ranaining  tree  tops  not  measured  in  part  (b) . 
Tree  spacing  ranged  from  6  ft  x  6  ft  to  12  ft  x 
12  ft  and  included  ages  between  1  and  40  years. 

In  1974,  Barrette  and  Jackman  published 
cubic-foot  and  board-foot  volume  tables  for  blue 
gum  in  the  Jackson  State  Forest.  The  trees  were 
initially  planted  for  windbreak  protection  in 
rows  with  a  six  foot  spacing  in  a  long  narrow 
area  consisting  of  about  one  acre.  In  the  75 
years  since  then  they  have  spread  over  94  acres. 
Volume  tables  were  graphically  developed  by 
plotting  tree  data  collected  fron  wood  scaling 
operations.  Sample  tree  ages  ranged  frcm  24  to 
73  years. 

In  another  plantation  study,  sponsored  by  the 
California  Department  of  Forestry,  twelve 
eucalyptus  species  are  being  grown  for  short 
rotation  biomass  production  at  California 
Polytechnic  State  University,  San  Luis  Obispo. 
Volume,  weight,  and  energy  (BTU)  tables  will  be 
developed  for  E.    oamaldulensis   (Dehuh.),  E.  aineva 
(F.  Muell.),  E.    viminalis   (Labill.),  E. 
polymthemos   (Schau.)  _E.   pulverulenta  ,    E. 
globulus  war .    'oompaata',    E.    aitriodora   (Hook.), 
E.    globulus   (Labill.),  E.   melliodora   (a.  Cunn.  ex 
Schau.),  E.    paniaulata   (Snti.),  E.    sideroxylon 
(A.  Cunn.  ex  Woolls) ,  and  E.   stellulata  for 
spacings  ranging  fron  2  ft  x  2  ft  to  10  ft  x  10 
ft.  The  study  is  one  year  old  and  data  is  to  be 
collected  annually  for  approximately  seven  years. 


STAND  DENSITY  INVENTORIES 

The  second  level  of  inventory  describes  stands 
of  trees.  These  inventories  include  stand 
density,  volume,  and  growth  studies  for  several 
regions  in  California. 
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stand  density  characteristics  for  hardwoods 
native  to  San  Luis  Obispo,  Monterey,  San  Benito, 
and  Santa  Cruz  are  described  by  Pillsbury  (1978) . 
Average  per  acre  values  for  these  counties  are 
presented  for  gross  volume  (with  and  without 
bark) ,  number  of  cords,  stoti  surface  area,  fresh 
green  weight,  number  of  trees,  and  basal  area. 
Natural  stands  were  divided  into  three  classes  by 
volume  and  weight  density.  These  density  classes 
are  used  to  indicate  where  the  distribution  of 
the  hardwood  resources  discussed  below  under 
"Large  Scale  Inventories"  occur  in  the  Central 
Coast  counties. 

In  an  unpublished  thesis,  Nguyen  (on  file  at 
Humboldt  State  University  1979)  presented  a 
preliminary  growth  and  yield  model  on  tanoak  for 
selected  sites  in  northern  Humboldt  County. 
Equations  were  developed  to  estimate  projected 
cubic-foot  volume,  basal  area  growth  rate, 
cubic-foot  volume  growth,  board-foot  yield  (to  a 
6-inch  top) ,  and  projected  board-foot  volume  (to 
a  6-inch  top)  on  a  per  acre  basis. 

Porter  and  Wiant  (1965)  published  equations 
predicting  site  index  for  tanoak,  Pacific 
madrone,  and  red  alder  [Alnus  rubra  Bong.). 
About  30  dominant  trees  of  each  species  were 
felled  and  sectioned  for  stan  analysis  on  a  wide 
variety  of  sites  in  Humboldt  County.  Sampling 
was  restricted  to  stands  which  approached  full 
stocking.  The  equations  can  be  used  to  compute 
site  index  at  50  years  for  any  combination  of 
total  age  and  height. 

Site  index  curves  were  developed  in  1972  by 
Powers  for  California  black  oak,  sampled  in 
stands  located  in  Shasta,  Tehama,  Butte,  Yuba, 
Nevada,  and  Placer  counties,  California.  All 
sample  trees  were  located  in  stands  of  sprout 
origin  and  stems  were  free  of  forking  for  the 
first  18  feet  of  the  bole.  Stems  were  not 
sectioned  for  analysis,  rather,  sample  plots 
associated  with  ponderosa  pine  {Finns  ponderosa 
Laws)  were  stratified  into  five  pine  site  index 
classes  to  obtain  hanogeneous  data  sets. 
Separate  equations  were  developed  regressing  age 
versus  height  for  each  stratum  and  the  mean  site 
index  was  determined  by  solving  each  equation  for 
height  at  an  index  age  50.  A  procedure  for  using 
the  site  index  curves  is  provided. 

Currently,  the  U.S.  Forest  Service  is 
supporting  a  study  to  obtain  information  about 
site  and  yield  for  blue  oak  and  coast  live  oak  in 
San  Luis  Obispo  and  Monterey  counties.  The 
study,  being  conducted  at  California  Polytechnic 
State  University,  will  provide  age  data,  stand 
increment  and  growth  dynamics,  stand  composition 
and  structure,  site,  and  general  yield  data. 
This  information  is  needed  to  evaluate  cutting 
levels,  to  determine  rotation  age,  and  to 
estimate  stand  growth.  It  will  also  help 
professionals  develop  stand  management 
prescriptions  for  native  hardwood  species  on  the 
Central  Coast  of  California. 


Managed  stand  inventory  data  are  also  being 
collected  at  California  Polytechnic  State 
University,  on  their  Silvicultural  Bianass  Energy 
Plantation.  Average  per  acre  data  for  twelve 
eucalyptus  species  (listed  under  "Tree 
Inventories")  are  being  accumulated  for  stand 
volume,  weight  and  energy  content  (BIU's).  The 
growth  response  for  each  species  is  being 
measured  for  different  densities  (ranging  from 
about  400  to  11,000  trees  per  acre),  fertilizer 
treatments  (time  release  tablets) ,  and  weed 
control  techniques.  The  results  will  be  used  to 
help  plan  large-scale,  eucalyptus  plantations 
that  will  be  intensively  cultured  and  harvested 
on  short  rotations  on  similar  climate  and  soil 
types  in  California. 

A  hardwood  thinning  study  for  the  Central 
Coast  counties  area  is  currently  being-planned  tjy 
the  California  Department  of  Forestry.   The 
purpose  of  the  study  is  to  determine  growth  in 
moderate  to  high  density  blue  oak  and  coast  live 
oak  stands  on  gentle  slopes  following  different 
thinning  treatments.  Four  treatments  are  planned 
for  this  study:   (1)  leaving  100  square  feet 
basal  area/acre,  (2  leaving  50  square  feet  basal 
area/acre,  (3)  removing  all  trees,  (4)  no 
cutting.  Ten  sites  will  be  evaluated  and  each 
site  will  have  four  plots,  one  of  each  treatment. 
Growth  rates  will  be  monitored  for  a  10  year 
period. 

McDonald  updated  the  results  of  a  long-term 
thinning  study  on  the  Challenge  Experimental 
Forest  in  Yuba  County,  California  at  a  recent  oaJ 
symposium  proceedings  (Plumb  1980) . 
Sixty-year-old  stands  of  tanoak,  California  blad 
oak  and  Pacific  madrone  are  being  studied.  Sever 
plots  were  thinned  from  an  average  stocking  of 
198  sq  ft/acre  to  basal  areas  ranging  frcxn  85  to 
141  sq  ft/acre.  Average  diameter  growth  doubled 
after  8  years  while  average  cubic  volume  growth 
ranged  from  66  to  about  89  cu  ft/yr.  The  author 
considers  the  results  preliminary  and  any 
conclusions  drawn  from  them  to  be  speculative. 


LARGE  SCALE  INVENTORIES 

Large  scale  inventories  are  being  conducted  t 
determine  the  acreage  of  hardwood  forest  and 
woodland  resources  for  selected  counties  in 
California. 
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The  U.S  Geological  Survey,  Land  Use/Land  cove 
and  Associated  Maps  Program  (formerly  called  the_^ 
LUDA  Program)  has  developed  a  national  land  use  ^' 
and  land  cover  classification  system  (Anderson 
1976) .  This  system  was  used  to  develop  broad 
vegetation  cover  maps  at  a  scale  of  1:250,000  fo 
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Personal  communication,  1981,  Raymond  Jackman,|i 
California  Department  of  Forestry,  Monterey,    jpioi 
Calif. 
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Figure  2.  Hardwood  fuel  inventory  map  example  for  Monterey  County, 
California.  Symbols  refer  to  stand  volume  classes  (S  = 
scattered  trees,  1  =  low,  2  =  moderate,  3  =  high). 


;a.fornia.  Forest  lands  (i.e.  lands  having  a 
0  crown  cover  closure  or  more)  are  divided  into 
le.duous,  evergreen,  and  mixed  forest  lands. 
16'  duous  forest  land  includes  all  forested  areas 
a'.ng  a  predominance  of  trees  that  lose  their 
e-es  at  the  end  of  the  frost-free  season  or  at 
■hi  beginning  of  a  dry  season.  Evergreen  forest 
ails  are  dcminated  by  trees  which  remain  green 
h'ughout  the  year,  while  mixed  forest  lands 
n«  ude  both  deciduous  and  evergreen  trees 
e.her  of  which  predominates.  When  more  than 
ni  third  intermixture  of  either  evergreen  or 
e<duous  species  occur,  it  is  classified  as 
i:d  forest  land.  Cover  type  map  resolution  is 
0  cres.  U-2  infrared,  and  black  and  white  quad 
eiered  (1:80,000)  photography  was  used  for 
mrpretation  and  data  transfer. 

ardwood  inventory  maps  (Pillsbury  and 
rckhaus  1981)  have  been  completed  for  San  Luis 


Obispo,  Monterey,  San  Benito  and  Santa  Cruz 
counties.  The  USGS  land  use  and  cover  maps 
discussed  above  were  used  as  "base  maps"  for  the 
inventory  project.  Deciduous  forest  lands 
identified  by  the  USGS  were  subdivided  into 
hardwood  stand  density  classes  discussed  in  part 
II,  Stand  Density  Inventories.  Density  classes  1 
(lew  volume),  2  (moderate  volume),  3  (high 
volume)  or  S  (for  scattered  woodlands)  were 
mapped  on  1:100,000  scale  county  maps  at  a 
resolution  of  about  10  acres  (Figure  2) .  All 
USGS  land  cover  boundaries  were  inspected  for 
accuracy  and  refined  to  this  resolution  when 
necessary.  These  maps  provide  the  first  estimate 
of  the  hardwood  volume  and  weight  distribution 
for  any  region  in  California. 

Ihe  Renewable  Resources  Evaluation  Unit, 
Pacific  Northwest  Forest  and  Range  Experiment 
Station,  Portland,  Ore.  is  planning  a  large  scale 
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hardwocxJ  inventory  to  obtain  information 
necessary  for  policy  decisions.   Exact  diameter 
increment  will  be  measured  on  thousands  of  trees 
in  existing  plots  and  used  to  calculate  growth. 
In  addition  to  these  plots,  several  hundred  new 
plots  will  be  established  in  hardwood  forests 
that  were  formally  classified  as  "noncommercial". 
Information  on  tree  species,  crown  class,  crown 
ratio,  defect,  and  damaging  agents  will  be 
recorded.  Estimates  of  cubic  volume  by  species 
will  be  computed  from  the  plot  data  using  volume 
equations  being  developed  at  California 
Polytechnic  State  University,  San  Luis  Obispo. 
Tree  volumes  will  be  expanded  to  regional  and 
State  levels.  Periodic  remeasureitient  will 
provide  information  on  growth  mortality,  and 
other  trends. 

The  California  Department  of  Forestry,  Forest 
Resource  Assessment  Program  has  sponsored  three 
pilot  projects  to  examine  the  potential  and  to 
develop  the  methodology  of  using  LANDSAT  (LAND 
SATellite)  data  for  classifying  extensive  areas 
of  forest  resources.  The  vegetation  resources  in 
two  counties,  Santa  Cruz  and  Humboldt,  have  been 


classified.  The  hardwood  signatures  developed 
for  Santa  Cruz  County  are  discussed. 

The  classification  effort  generated  41 
resource  classes,  13  which  represented  sites 
dominated  by  hardwoods.  Figure  3  shows  the 
relative  brightness  of  reflected  light  for  each 
hardwood  class  plotted  at  the  four  wavelengths 
where  the  reflected  light  was  measured.  The  two 
basic  trends  seen  for  these  hardwood  signatures 
reflect  the  differences  between  classes  heavily 
vegetated  by  oaks  {Quereus   spp. )  mixed  with 
lesser  amounts  of  brush,  and  hardwood  classes 
dominated  by  tanoak  and  madrone  (Pillsbury  et  at 
1981) .  The  two  trends  shown  in  Figure  3  aid  in 
the  separation  and  identification  of  these 
resources.  A  verification  study  indicated  that 
the  ability  of  LANDSAT  data  to  correctly  classif 
the  resource  type  is  about  85%. 

LANDSAT  classification  systems  such  as  the  on 
discussed  above  have  shown  their  potential  for 
fast  cover  type  classification  for  extensive 
areas  at  reasonable  cost. 
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Personal  communication,  1981,  Charles 
Bolsinger,  Renewable  Resources  Evaluation  Unit, 
Pacific  Northwest  Forest  and  Range  Experimental 
Station,  Portland,  Ore. 


HARDWOOD  INVENTORY  NEEDS 

The  task  of  inventorying  the  hardwood  regions 
defined  by  Griffin  and  Critchfield  (1972)  needs 
to  be  completed.  They  have  mapped  the  range  of 
86  forest  and  woodland  species  at  a  scale  of 
about  1:5,000,000.  A  comprehensive  inventory 
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Figure  3.  Family  of  spectral  curves 
for  resource  classes 
dominated  by  hardwoods 
in  Santa  Cruz  County, 
Cal ifornia. 
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[at  shows  the  actual  location  of  hardwood 
[cests  is  needed  by  land  managers  for  resource 
[arming  and  management. 

Although  a  number  of  volume  tables  have  been 
:  are  being  developed,  there  are  still  a  large 
r.nber  of  important  hardwood  species  that  have 
r:  been  studied  in  California.  Efforts  to 
nerate  these  tables  will  provide  information 
tit  is  needed  in  many  parts  of  the  State. 

The  type  of  inventory  that  is  needed  most  is 
C3  that  will  provide  information  useful  for 
smd  management.  Only  a  few  selected  stands  in 
CLifornia  have  been  or  are  currently  being 
[Tisured  to  provide  stand  and  stocking  tables, 
s;e,  and  growth  and  yield  data.  Land  managers 
nid  to  have  this  information  in  order  to  make 
ti  basic  land  use  decisions,  such  as,  should 
t;y  convert  their  hardwood  forests  and  woodlands 
t  another  use  or  should  they  manage  the  land  for 
E:esc  values?  Currently  these  decisions  are 
b.ng  made  without  the  benefit  of  adequate  stand 
i'entory  information. 

In  addition  to  the  inventory  needs  discussed 
he,  little  is  known  about  California's  hardwood 
E  ests  in  the  general  disciplines  of  autecology, 
s  viculture,  protection,  wildlife,  range,  and 
r'xeation  impacts.  Nonetheless,  the  inventories 
dcussed  here  represent  the  initial  development 
o;a  data  base  necessary  for  developing  a 
iftagement  and  protection  plan  for  the  hardwood 
f<ests  in  California. 
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leening  Prosop/s  (Mesquite  or  Algarrobo) 
)Biofuel  Production  on  Semiarid  Lands^ 


rFelker,  Peter  R.  Clark,  G.  H.  Cannell,  and  Joseph  F. 
)rn^ 


Abstract:   Eighty  collections  of  Prosopis  have 
been  screened  in  field  experiments  for  biomass 
production,  frost  tolerance,  and  heat/drought  tol- 
erance.  Selections  have  been  examined  in  the 
greenhouse  for  nitrogen  fixation  and  salinity 
tolerance  in  which  one  species  grew  on  a  nitrogen 
free  media  in  salinities  equivalent  to  seawater. 
A  44  percent  sugar  pod  producer  was  identified 
and  successfully  fermented  to  ethanol  by  Avgeri- 
nos  and  Wang  at  MIT.   Individual  trees  have  grown 
5  to  7  cm  in  basal  diameter  and  2  to  3.2  meters  in 
height  per  year  with  600  mm  total  water  applica- 
tion.  Dry  matter  production  of  14,000  kg/ha  has 
been  obtained  at  projected  harvested  costs  of 
$23.00  per  ton  or  $1.35  per  million  Btu  and  com- 
pare favorably  with  natural  gas,  heating  oil, 
and  coal  at  $3.0,  and  $6.0,  and  $1.50  per  million 
Btu's  respectively. 


n  many  regions  of  the  world,  wood  is  an  en- 
source  that  is  locally  available,  decentral- 
,  and  requires  little  capital  expenditure  for 
er  acquisition  or  conversion  to  useful  forms 
nevgy.      In  the  last  5-8  years  these  character- 
's have  led  wood  to  overtake  nuclear  energy  as 
tiergy  source  for  the  United  States  without 
enormous  federal  expenditures  of  the  nuclear 
3  program  (Smith,  1981). 


1  some  lesser  developed  countries  (LDC's)  the 
of  wood  availability  is  a  severe  problem, 
rers  in  Ouagadougou,  Upper  Volta  may  spend 
jrcent  of  their  income  on  cooking  fuel  (Anon, 
i.   In  the  same  region  woodcutters  must  trav- 
)  km  from  the  city  to  obtain  wood.   Virtually 
)f  these  rapidly  depleting  wood  resources 
from  natural  stands  of  unselected  genetic 
c.   In  the  semi-arid  regions  much  of  this 
is  either  Acacia  or  Prosopis  which  possess 
incompatible  flowers  which  result  in  an  out- 
ing breeding  mechanism  (Seif-el-Din,  pers. 

Simpson,  1977) .   Thus  seed  propagated  pro- 
from  Acacia  or  Prosopis  are  exceedingly 
ible  in  biomass  production,  thorniness,  in- 
resistance,  etc.  so  that  artificial  regen- 
on  attempts  using  seed  sources  can  yield 
ipointing  and  variable  results.   Thus  seed 
actions,  progeny  production  trials,  and  de- 
ment of  superior  clonal  propagules  will 
ately  be  required  to  support  wood  energy 
rural  economies. 


resented  at  the  S>Tiiposium  on  Dynamics  and 
jment  of  Mediterranean-type  Ecosystem. 
22-26,  1981,  San  Diego,  California. 

ssistant  Research  Scientist,  Caesar  Kleberg 
ife  Research  Institute,  Texas  A&I  Univ., 
'ille,  Texas;  Staff  Research  Associate,  Pro- 
s' of  Soil  Physics,  and  Staff  Research  Asso- 
t  University  of  California,  Riverside, 
5;ide,  California. 


Ih.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
nt  Station,  Forest  Service.  U.S.  Denartment  of  Aericulture;  1982. 


In  the  screening  of  new  plants  for  biofuel 
production  it  is  important  not  to  rule  out  a 
particular  natural  ecosystem  because  of  low  pro- 
ductivity since  the  biomass  productivity  of  nat- 
ural stands  provides  little  insight  into  produc- 
tivity possible  for  managed  food  or  fuel  produc- 
tion systems.   The  productivity  of  wild  oats 
growing  along  a  highway  or  of  wild  progenitors 
of  corn  such  as  teosinte  or  tripsacum  growing 
in  Mexico  bear  little  resemblance  to  oat  pro- 
ductivity on  commercial  South  Dakota  farms  or 
to  hybrid  corn  production  on  Illinois  farms. 

In  the  screening  of  plants  for  biomass  produc- 
tion or  in  the  evaluation  of  the  productivity 
of  natural  stands,  screening  for  a  single  pro- 
cess such  as  photosynthesis  or  nitrogen  fixation 
is  to  be  avoided.   To  illustrate,  plant  physiol- 
ogists have  stated  the  reason  P.  tamarugo  sur- 
vives so  well  in  the  northern  Chilean  rainless 
salars  is  because  of  its  capability  to  extract 
water  from  the  atmosphere,  or  from  its  ability 
to  develop  a  moist  matted  root  zone,  or  because 
it  possesses  extremely  high  salt  tolerance.   While 
P.  tamarugo  is  more  salt  tolerant  than  its  near 
P.  alba  relatives  (Felker  e^  al . ,  1981c),  it 
possesses  20  fold  less  biomass  productivity  than 
many  other  Prosopis  species  (Felker  et  al., 
1981a)  .   We  feel  the  real  key  to  P^.  tamarugo 
success  in  the  Chilean  salars  is  its  complete 
resistance  to  psyllid  insects.   If  algarrobo  (P. 
alba  (?))trees  possess  moderate  to  good  psyllid 
resistance  they  will  tolerate  the  salinity,  heat 
and  low  humidity  of  the  salar  de  Pintados  equal- 
ly as  well  as  P^.  tamarugo  (Felker  mss)  .   Algar- 
robo trees  in  this  region  nearly  devoid  of  leaves 
exhibit  high  psyllid  predation  while  healthy 
green  algarrobo's  are  devoid  of  psyllids  (Felker, 
mss)  . 

With  the  exception  of  the  United  States  wood 
pulp  industry,  which  uses  "scrap"  bark  for  elec- 
trical generation  and  process  heat,  and  of  sev- 
eral Brazilian  industries,  wood  is  not  used  as 
an  energy  source  in  commercial  scale  operations. 
In  the  United  States  the  primary  energy  use  of 
wood  probably  has  been  the  widespread  use  in 
family  dwellings  (Smith,  1981). 
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We  believe  that  areas  such  as  south  Texas 
where  extensive  flatlands  are  available  at 
reasonable  land  leases  ($10  acre"!  year"-*-), 
where  low  sulfur  coal  must  be  shipped  more  than 
1,000  miles,  where  possibilities  for  co-genera- 
tion of  process  heat  and  electricity  exist,  and 
where  a  need  for  tax  shelters  for  biomass  type 
investments  are  attractive  -  that  woody  biomass 
production  from  plantation  grown  trees  can  and  will 
favorably  compete  with  traditional  energy  sources 
in  small  commercial  (20  megawatt)  power  generating 
plants.   Managed  even- aged,  uniform  small  diameter 
stands  of  regularly  and  closely  spaced  trees  are 
expected  to  be  easier  and  less  expensive  to  har- 
vest than  uneven  aged  stands  of  greatly  differing 
size  classes,  that  occur  in  random  densities  and 
spacings.   The  large  quantities  of  wood  or  fuel 
required  for  commercial  sized  power  plants  or  for 
chemical  feedstocks  and  the  sensitivity  of  trans- 
portation costs  to  distance,  mandate  rapid  and  re- 
newable biofuel  production  close  to  the  site  of 
utilization.   Since  harvesting  and  transportation 
costs  play  a  major  role  in  the  economics  of  wood 
biofuel  production,  dedicated  biomass  plantations 
of  easily  harvestable,  even  stands  of  highly  pro- 
ductive selected  strains  offer  significant  advan- 
tages over  some  natural  stands. 

The  work  which  follows  is  a  result  of  U.  S.  De- 
partment of  Energy  sponsored  research  to  develop 
woody  biofuels  for  marginal  semi-arid  lands. 

GERivlPLASM  ACQUISITION  PROGRAI-1 

In  developing  any  new  crop  plant  it  is  impera- 
tive to  obtain  as  much  genetic  diversity  as  pos- 
sible to  be  able  to  provide  products  of  various 
qualities,  and  to  be  able  to  adapt  to  stress  con- 
ditions such  as  heat,  drought,  insect  predation, 
frost  and  salinity.   Our  Prosopis  collection  con- 
sists of:  approximately  150  accessions  obtained 
from  Professor  Solbrig  which  were  used  in  the  IBP 
project  comparing  North  and  South  American  deserts; 
of  150  collections  of  native  Prosopis  collected  on 
a  3,000  mile  field  trip  through  the  California  de- 
sert, of  300  Peruvian  collections  obtained  through 
contract  with  Dr.  Alva  of  Lima,  Peru;  of  approxi- 
mately a  dozen  tamarugo  (P.  tamarugo) ,  algarrobo 
(P^.  alba?) ,  and  chanar  (Geof frea  decorticans)  col- 
lections made  by  Felker  in  Chile;  of  several  hun- 
dred second  generation  progeny  of  UCR  and  Imperial 
Valley  grown  trees;  of  miscellaneous  collections 
from  Argentina,  Hawaii,  the  Carribean,  Senegal, 
Sudan  and  South  Africa,  and  of  a  very  limited  num- 
ber of  cuttings  of  approximately  a  dozen  clones. 

NITROGEN  FIXATION  AND  SALINITY  TOLERANCE 

Representatives  of  twelve  Prosopis  species  were 
inoculated  with  a  rhizobia  strain  isolated  from 
the  California  desert  and  grown  for  8  months  on 
inert  vermiculite  that  was  watered  with  a  nitrogen- 
free  nutrient  solution.   The  capability  of  mesquite 
to  fix  nitrogen  was  firmly  established  since  all 
species  were  found  to  nodulate,  fix  nitrogen  (re- 
duce acetylene  to  ethylene)  and  accumulate  dry 
matter  on  nitrogen  free  media  (Felker  and  Clark, 
1980) .   A  ten  fold  range  in  mean  nitrogen  fixation 


per  accession  was  observed  which  suggests  the  pcj 
sibility  for  selecting  lines  with  high  nitrogenj 
fixing  characteristics. 

Having  established  that  mesquite  could  fix  n 
rogen  in  a  greenhouse  environment  an  experiment 
was  conducted  to  determine  why  mesquite  had  neviS 
been  reported  to  nodulate  in  natural  ecosystems 
A  phraeatophytically  grown  mesquite  was  simulat 
in  a  3.05  n  tall  soil  column  with  water  or  nutr 
ent  solution  only  being  added  to  a  soil-contain'.; 
bucket  beneath  the  soil  column  (Felker  and  Clar 
mss) .  Sixteen  months  after  the  seedings  were 
planted,  the  top  0.5  m  layer  of  soil  was  drier 
than  2200 kPa  (22  Bars)  but  the  bottom  of  the  tu 
which  received  frequent  irrigations  never  exper 
ienced  water  potentials  more  negative  than  -70 
Acetylene  reduction  assays  conducted  through  pot 
in  the  soil  column  observed  no  nitrogen  fixatio 
within  2.7  m  of  the  surface  although  large  quan 
titles  of  nitrogen  fixation  (1.9  mg  ethylene  pe 
hr)  were  fixed  at  the  bottom.  This  nitrogen 
fixation  occurred  at  leaf  xylem  water  potential 
of  3000  kPa  (30  Bars)  and  air  temperatures  of 
44°C.  After  the  assays  were  conducted  the  tube 
were  disassembled  and  the  roots  examined  for 
presence  of  nodules  as  a  function  of  depth.  Nc 
nodules  were  observed  in  the  top  2.7  m  althougl 
over  100  nodules  were  located  at  the  bottom  of 
the  tube  in  the  moist  root  zone  (Felker  and 
Clark,  mss).  Nodules  probably  have  not  yet  be< 
observed  in  nature  because  nodules  have  not  be( 
sought  at  deep  enough  depths  in  moist  soil  zon 
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Species  of  Prosopis  grow  near  the  seacoasts 
Hawaii,  close  to  salt  flats  in  southern  Califo: 
deserts,  and  in  0.5  m  thick  salt  flats  in  norti' 
Chile  which  suggests  that  considerable  salt  toj 
ance  occurs  in  the  genus.  We  measured  the  salj 
tolerance  of  six  species  in  greenhouse  sand  cu 
experiments  (Felker,  et  al .  ,  1981c).  All  spec-, 
tested,  P.  glandulosa  var  torreyana  from  Calif 
P.  velutina  from  Arizona,  P.  articulata  from  Bl 
Mexico,  P.  chilensis  from  Argentina,  P.  pallid! 
from  Hawaii,  and  P.  tamarugo  from  Chile  all  tol 
ated  a  6,000  mg/L  NaCl  treatment  with  no  reduci 
in  growth.  P^.  velutina  was  the  only  species  tl 
poorly  tolerated  the  12,000  mg/L  salinity  level 
P .  articulata,  P .  pallida,  and  P^.  tamarugo  tol| 
a^ted  the  18,000~mg/L  salinity  level  with  30-4 
percent  decrease  in  height  growth  and  grew  sli 
ly  in  a  salinity  (36,000  mg/L  NaCl)  greater  tli 
seawater.  As  these  plants  were  on  a  nitrogen 
free  media  they  probably  fixed  nitrogen.  Thes 
salinity  tolerances  are  much  greater  than  tho 
of  annual  legumes  such  as  peas  and  beans.  Pre 
opis  is  the  first  legume  we  are  aware  of  that 
has  been  reported  to  be  able  to  grow  at  salini 
ties  equivalent  to  seawater. 

FIELD  SCREENING  EXPERIMENTS 


Selections  of  Prosopis  were  screened  for  r( 
sponse  to  irrigation  on  the  University  of  Cal: 
ornia.  Riverside  experiment  station  (Felker  e_'  6t 
al. ,  1981a);  for  tolerance  to  winter  freezing! 
temperatures  at  1500  m  (5,000  ft)  elevation  i:' 
the  mountains  near  Riverside,  and  for  heat/drc;W 
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lerance  in  the  California  Imperial  Valley  at 
lus  30  m  flOO  ft)  where  mean  daily  July  maximum 
iperatures  are  42°C. 

Thirty-two  collections  representing  North  and 
ith  American  and  African  germplasm  were  estab- 
;hed  on  the  UCR  experiment  station  in  three 
igation  treatments  in  July  1978.   Cultural 
:agement  practices,  origin  of  the  germplasm 

estimates  of  the  first  year's  biomass  product - 
ty  have  appeared  (Felker  e^  ad . ,  1981a) . 
)lve  trees  of  each  accession  were  grown  in  each 
three  basins  that  were  irrigated  when  the  soil 
er  potential  at  the  30  cm  depth  reached  either 
ikPa  (0.6  Bars),  200  kPa  (2  Bars)  or  500  kPa 
iBars) .   Riverside  has  a  mediterranean  type 
juate  with  no  summer  rainfall  that  makes  impos- 
bn  of  these  treatments  possible.   In  the  first 
^son  six- 100  mm  irrigations  were  applied  to 
\t   of  the  wet  (60  kPa)  plots  while  no  irrigations 
^3  made  to  the  dry  (500  kPa)  plots.   In  the  sec- 
1  season  differences  between  treatments  were  not 
);rved  for  P_.    chilensis  which  was  the  accession 
Li  the  greatest  biomass  production.   Consequent- 
rn  the  third  growing  season  the  dry  (500  kPa) 
ntment  received  only  winter  rainfall  and  no 
r  gation  to  force  differences  between  treatments. 

■t  the  end  of  the  third  season  the  trees  were 
i  ested,  weighed,  stem  diameter  measurements 
1  n,  and  selected  whole  trees  homogenised 
:  pped)  to  obtain  subsamples  for  moisture  con- 
si  determination.   Regressions  of  log  dry  bio- 
i.    versus  log  stem  diameter,  which  have  been 
Kn  to  be  most  satisfactory  for  mesquite  bio- 
i:  estimation  (Felker  £t  al^.  ,  1981b)  ,  were  com- 
lU  for  dry  biomass  prediction.   The  estimated 
nbiomass  at  the  end  of  the  third  growing  sea- 
)iis  presented  in  Table  1.   Five  accessions 
ic:ero  biomass  because  they  were  killed  during 
itfirst  winter  by  an  abnormally  low  -5  C  freeze. 
u ?  of  the  accessions  killed  by  the  freeze  P. 
drlora  (0044),  P.  pallida  (0140)  and  P.  paT- 

d  (0041)  had  substantial  biomass  the  first 
'ta  vvhile  the  P.  africana  accessions  did  not. 

f-anked  order  for  the  biomass  producers  were 
Jximately  the  same  in  the  third  season  as 
■.he  first  season  as  previously  reported 
.  J';er  et  al .  ,  1981a)  with  P^.  chilensis  (0009) 
' \g   the  greatest  biomass  productivity  among 
ijCcessions.   The  18  fold  range  in  biomass 
.  Ir.ctivity  the  first  year  was  similar  to  the 
.'id  range  observed  the  third  year.   The 

!' sions  from  the  ranges  of  the  southwest  i-e. 
i.from  West  Texas,  0074  from  New  Mexico,  and 
'from  Arizona  were  among  the  least  productive 
^<  sions  in  both  studies.   Excluding  those 
.fctiSions  which  were  killed  by  frost,  P.  tamarugo 
tiased  in  order  of  biomass  productivity  from 
tito  19th. 

le  response  of  the  accessions  to  irrigation 
-'Clients  changed  considerably  from  year  one  to 
'Uhree,  since  in  year  one  the  200  kPa 
-' nent  had  the  lowest  overall  productivity 
•i  in  year  three  it  had  the  highest  productiv- 


The  biomass  productivity  in  table  1  is  expressed 
as  dry  kg/tree  rather  than  dry  kg  ha"l  because 
there  were  only  12  trees  of  each  moisture  treat- 
ment on  a  4x3  array  so  that  a  substantial  edge 
effect  could  not  be  avoided.   Nevertheless  it  is 
useful  to  have  an  order  of  magnitude  estimate  of  the 
biomass  productivities  in  these  plots  realizing 
that  edge  effects  have  not  been  accounted  for,  and 
that  these  productivities  could  over-estimate 
actual  productivity  by  50  percent.   As  the  trees 
were  on  a  1 . 22  x  1 . 22  m  (4  ft)  spacing  the  density 
was  6718  trees/hectare.   The  3  season  total  dry 
matter  production  ranged  from  approximately  2500 
kg  ha-1  for  P.  kuntzei  to  50,000  kg  ha"^  for  P. 
chilensis  or  an  annual  productivity  of  approxi- 
mately 800  to  16,000  kg  ha"l  respectively.   The 
rangeland  accession  0074  from  New  Mexico  had  a  3 
season  average  dry  matter  production  of  9200  kg 
ha"  or  3000  kg  ha"-'^  season"  .   The  least  pro- 
ductive accessions  did  not  have  complete  can- 
opy closure  and  probably  experienced  less  of  an 
edge  effect  than  the  more  productive  accessions 
which  achieved  complete  canopy  closure  in  the 
second  season. 

A  biomass  screening  trial  under  heat/drought 
conditions  was  conducted  on  55  tree  legumes  in 
the  California  Imperial  Valley  where  the  July 
daily  maximum  temperature  is  42°C  (108°F)  and 
the  mean  annual  rainfall  is  65  mm  (2.5").   Total 
water  received  by  the  plot  the  first  season  was 
400  mm  (16")  in  three  irrigations  and  the  total 
the  second  season  was  680  mm(  27")  in  a  single 
irrigation  in  January  preceding  the  second  grow- 
ing season.   At  the  end  of  the  second  season  four 
blocks  of  55  trees  each  were  harvested  and  rep- 
resentative whole  trees  oven  dried  so  that  regres- 
sion equations  could  be  developed  to  estimate 
biomass  on  companion  plots  of  the  same  age.   The 
mean  measured  oven  dry  biomass  per  accession  for 
these  second  season  (1  3/4  year  old)  trees  ranged 
from  0.23  to  36.8  kg.   Individual  trees  ranged 
from  0.2  to  56.3  kg  oven  dry  biomass.   The  larg- 
est trees  exceed  6  m  height  and  16  cm  basal  diam- 
eter.  Progeny  of  California  ornamental  Prosopis 
alba  (?)  had  the  greatest  biomass.   The  California 
native  P.  glandulosa  var  torreyana  exhibited  a 
wide  range  in  biomass.   The  least  productive 
accessions  were  P.  tamarugo  from  Chile  and  Olneya 
tesota  from  California  deserts.   Parkinsonia 
aculeata  and  Leucaena  leucocephala  (Hawaii  Giant 
K-8)  ranked  4th  and  14th  in  mean  biomass  per  ac- 
cession respectively.   Trees  in  three  accessions 
had  a  45  kg  oven  dry  biomass  that  have  been  cloned. 
Since  this  biomass  was  obtained  in  two  seasons  on 
a  1.5  X  3.6  m  (5  X  12  ft)  spacing  we  project  a 
45  kg  tree  average  should  be  possible  over  large 
areas  from  clonal ly  propagated  trees  in  3  seasons. 
At  a  3  X  3  m  spacing  this  would  yield  50  metric 
tons  per  hectare  for  a  3  season  annual  production 
of  16  metric  tons  (7  dry  english  tons  acre"^ 
year"^).   This  production  level  is  assumed  in 
economic  section  that  follows  later. 
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Table  1 


Predicted  UCR  Third  Season  Dry  Biomass  Per  Tree 


Biomass  per  tree 

Accession 
Number 

(Kg) 

Irrigation 

treatment 

Species 

60kPa   1 

200kPa 

500  kPa    1 

Average 

P.  chilensis 

0009 

6.96 

8.15 

7.34 

7.49 

P.  alba 

0039 

7.44 

5.55 

5.85 

6.29 

P.  alba 

0098 

4.08 

6.73 

6.44 

5.58 

P.  articulata 

0016 

5.40 

6.22 

4.70 

5.44 

P.  alba 

0137 

5.54 

6.18 

4.18 

5.33 

P.  alba 

0013 

5.33 

5.61 

4.51 

5.11 

P.  nigra 

0133 

3.71 

5.55 

4.02 

4.45 

P.  alba 

0132 

4.24 

7.00 

2.07 

4.44 

P.  alba 

0138 

5.28 

4.24 

3.43 

4.32 

P.  spp 

0108 

5.48 

5.60 

1.79 

4.26 

P.  alba 

0037 

4.04 

4.76 

3.98 

4.25 

P.  glandulosa  var 

torreyana 

0001 

3.24 

4.21 

5.11 

4.19 

P.  velutina 

0025 

3.08 

3.82 

3.46 

3.45 

P.  alba 

0134 

2.98 

4.08 

3.28 

3.45 

P.  nigra 

0038 

3.32 

3.70 

2.89 

3.30 

P.  velutina 

0020 

3.94 

2.25 

2.83 

3.00 

P.  spp 

0116 

2.15 

3.18 

3.72 

3.00 

P.  laevigata 

0114 

2.03 

4.07 

2.40 

2.87 

P.  nigra 

0036 

2.99 

2.89 

1.95 

2.64 

P.  velutina 

0032 

2.38 

4.09 

1.44 

2.64 

P.  spp 

0028 

1.42 

2.22 

1.39 

1.69 

P.  tamarugo 

0042 

1.66 

1.43 

1.88 

1.66 

P.  spp 

0074 

1.06 

1.82 

1.24 

1.37 

P.  spp 

0080 

1.31 

1.69 

1.03 

1.34 

P.  nigra 

0034 

0.83 

1.36 

0.95 

1.05 

P.  ruscifolia 

0131 

1.01 

1.80 

0.39 

1.05 

P.  kuntzei 

0130 

0.23 

0.50 

0.39 

0.37 

P.  juliflora 

0044 

0.00 

0.00 

0.00 

0.00 

P.  pallida 

0140 

0.00 

0.00 

0.00 

0.00 

P.  pallida 

0041 

0.00 

0.00 

0.00 

0.00 

P.  africana 

0045 

0.00 

0.00 

0.00 

0.00 

P.  africana 

0040 

0.00 

0.00 

0.00 

0.00 

Mean 

3.40y 

4.03X 

3.05y 

3.49 

Values  followed  by  the  same  letter  are  not  s 
judged  by  "Student  Newman-Keuls  Procedure", 
diction  of  the  dry  biomass,  logjg  dry  matter 
(cm)  -  0.7538,  had  an  r^  of  0.84  for  1352  ob 


COLD/FROST  SCREENING 

A  field  planting  at  1500  m  (5,000  ft)  elevation 
in  the  mountains  60  km  from  Riverside  California 
was  used  to  screen  Prosopis  accessions  for  winter 
hardiness  (Felker  et  al  mss.).   Thirty  accessions 
were  evaluated  as  single  tree  replicates  in  21 
randomized  blocks.   A  freeze  on  the  UCR  experiment 
station  prior  to  this  experiment  indicated  that 
the  Hawaiian  _P.  pallida,  the  West  African  P_.    juli- 
flora, and  the  African  _P.  africana  could  tolerate 
short  duration  -1.5°C  freezes  but  not  a  short 
duration  -5°C  freeze.   Accordingly  these  selections 
were  not  included  in  the  mountain  cold  screening 
trial.   At  the  1500  m  elevation  site  South  Ameri- 
can P_.    alba,  £.  chilensis,  P.  nijra  and  the  Baja 


ignificantly  different  at  5%  level  as 
The  regression  equation  used  for  pre- 
(Kg)  =  2.247  logio  basal  stem  diameter 

servations. 


Mexico  P.  articulata  species  tolerated  a  -5° 
freeze  but  not  a  12  hr  freeze  that  included  a  - 
freeze.  The  longest  duration  freeze  was  tolera  "^' 
by  the  North  American  species  P.  glandulosa  vai  ^'s 
glandulosa,  P.  glandulosa  var  torreyana,  and  £J  ilj 
velutina  with  only  moderate  damage.  In  generalj  ai 
biomass  production,  predicted  from  regression 
equations,  was  greater  for  cold  sensitive  SoutH 
American  accessions  than  slower  growing  cold-ha  ^ 
dy  N.  American  accessions.  However,  a  few  colfl 
hardy  N.  American  accessions  were  fast  growers | 
and  a  few  fast  growing  S.  American  accessions 
were  cold  hardy.  Individual  trees  from  these 
latter  categories  were  dug  up  for  future  germ- 
plasm  breeding  studies. 
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)le  2.   Eneroy  Costs  for  Coal,  Natural  Gas, 
.  S  Wood 


Unit 

Price 

Price 

uncdity 

10"^6  Btus 

.ural  gas 
ide  oil 
;tern  Coal 
;quite  chips* 

1 

$3.0  MCF         $3.00 
$35  BBL          $6.00 
$25  ton          $1.48 
$23  dry-ton      $1.35 

lantation  grown  Mesquite  averaged  over  9  years 
harvests) . 


VNOL  PRODUCTION  FROM  MBSC'JITB  PCDS 

rhe  proximate  analysis  for  mesquite  pods  shows 
mge  of  11-17  percent  crude  protein,  20-30 
ent  fiber,  and  13-44  percent  sucrose  (Felker 
il.,  1980;  Avgerinos  and  Wang,  1980;  Becker 
n'Grosjean,  1980).   Fermentation  of  high  sugar 
0  ent  Prosopis  pods  to  alcohol  for  use  in  the 
risportation  sector  is  attractive  because  un- 
i'  high  moisture  content  sorghum  and  sugar 
3',  the  pod  sugar  is  dry  and  non-perishable 
ni  at  44  percent  sucrose  is  considerably  higher 
hi  most  plant  sources.   Perhaps  even  more  im- 
O'ant,  unselected  mesquite  strains  presently 
cdr  on  30  million  hectares  of  semi-arid  mar- 
ii  1  land  in  southwestern  United  States.   This 
aie  land  resource  base  is  crucial  to  develop- 
ei  of  energy  or  chemical  feedstock  crops  be- 
aie  of  the  enormous  quantities  of  fuel  or 
tieical  feedstocks  (10-100  tons/hr)  consumed  by 
jnercial  scale  chemical  manufacturing  or  power 

l£tS. 

recent  workshop  sponsored  by  the  Solar  Ener- 
/  3search  Institute  (SERI)  on  energy  from  tree 
"Cs  contracted  with  MIT  for  the  fermentation  of 
irjquite  pod  varieties  and  one  honey  locust 
jllitsia  triacanthos)  pod  selection.   A  P.  alba 
P  velutina  hybrid  mesquite  tree  which  produced 
>  ',  of  40  percent  sugar  pods  identified  by 
;l;r  et  al.  (1980)  was  included  in  these  fer- 
^nition  trials.   According  to  the  MIT  analyses 
ie;econd  season  hybrid  mesquite  pods  were  43.5 
Tmt  sugar.   The  hybrid  mesquite  pods  had  the 

g'st  yield  and  rate  of  ethanol  production  of 
e  substrates  examined  with  an  ethanol  yield 

23  g  ethanol/  g  substrate  fed,  at  a  rate  of 
4  g  ethanol/L  -  hr  (Avgerinos  and  Wang,  1980). 
e  esulting  enriched  protein  residue  can  be  sold 

vestock  food  with  a  considerable  by-product 
e<  t .   Another  substantial  by-product  credit 
n  e  derived  from  galactomannan  gums  which  con- 
iite  approximately  25  percent  of  the  seed 
i{t  and  3  percent  of  the  pod  weight,  and  are 
"lar  in  chemical  composition  to  high  value 
0-  kg"-"-)  industrial  carob  and  guar  gums. 


ECONOMICS  OF  PLANTATION  GROWN  PROSOPIS  BIOtlASS 
PRODUCTION 

The  recent  rapid  escalation  in  fossil  fuel 
prices  and  associated  transportation  costs  have 
made  the  economics  of  biomass  production  appear 
more  favorable.  Table  2  lists  1980  natural  gas 
prices  in  south  Texas,  current  world  prices  for 
new  crude  oil,  and  prices  for  western  coal  deliv- 
ered by  rail  to  a  San  Antonio  Texas  utility. 

This  $25  per  ton  price  is  the  subject  of  cur- 
rent litigation  between  the  railroad  and  the  util- 
ity.  If  the  utility  loses  the  litigation,  its 
price  for  delivered  western  coal  will  rise  to  $33 
per  ton.   Another  south  Texas  utility.  Central 
Power  and  Light,  pays  $45  per  ton  for  8,200  Btu/ 
lb  western  coal  that  is  of  the  same  energy  density 
as  mesquite  wood  (Wiley  and  Manwiler,  1976). 
Plantation  grown  mesquite  wood  at  $23.00  per  dry 
english  ton  is  the  cheapest  energy  source,  the 
only  renewable  energy  source,  and  the  least  likely 
of  all  to  escalate  in  price. 

Table  3  outlines  plantation  grown  mesquite  wood 
chip  production  cost  estimates.   A  land  lease  of 
$10  per  acre  per  year  is  approximately  double  the 
return  for  south  Texas  cattle  ranching  (Herbel , 
1975).   Site  preparation  costs  of  $178  assume  the 
site  has  moderate  brush  which  must  be  bulldozed, 
stacked,  burned,  and  the  resulting  field  disced 
into  a  normal  seedbed.   No  credits  are  assumed 


Table  3.   Mesquite  Wood  Chip  Production  Cost 
Estimates. 


Costs  per 

Harvest  per  Acre 

Initial 

Stump 

Stump 

Item 

Planting 

Resprout 

Resprout 

Land  lease  3  yrs  at 

$10/yr 

$30 

$30 

$30 

Site  preparation 

Bulldozing,  discing, 

etc. 

178 

-- 

-- 

Seedling  costs 

436  @  $0.10  each 

44 

-- 

-- 

Planting  costs 

14 

-- 

-- 

Herbicides 

20 

-- 

-- 

Fertilizer  (P,  K,  S) 

67 

67 

67 

Total  Production  Cost 

$353 

$97 

$97 

Product        .     , 
(7  tons  acre'  yr 

21  tons 

21  tons 

21  tons 

X  3  yr) 

Production  cost  per 

dry  ton 

$16.80 

$  4.60 

$  4.60 

Harvesting  cost  per 

ton 

14.00 

14.00 

14.00 

Total  Cost  per  ton 

$30.80 

$18.60 

$18.60 

Average  cost  per  ton 
avfiraped  over  9 

years   $22.  70/ton=$l .  33/10-t-'^  Btu 
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for  harvesting  existing  brush  for  boiler  fuel, 
cordwooG,  or  mesquite  lumber  which  sells  for 
luxury  prices  of  $4-5  per  board  food  (Mouat  pers. 
cornm.)-   Seedling  costs  assume  the  trees  are 
planted  on  a  10  ft  x  10  ft  spacing  for  436  trees/ 
acre  at  a  cost  of  $0.10  each  which  is  slightly 
under  our  current  production  cost  of  $0.12  per 
seedling.   Planting  costs  assume  use  of  mechani- 
cal transplanter  capable  of  planting  1,000  trees 
per  hour  with  a  three  man  crew.   Herbicide  costs 
assume  a  1.5  quart  application  of  trifluralin 
per  acre  prior  to  transplant  and  a  2  lb/acre  sima- 
zine  application  4  months  after  transplant.   Fert- 
ilizer costs  are  calculated  to  replace  nutrients 
removed  in  biomass  and  assume  220  lbs  of  triple 
superphosphate,  300  lbs  of  muriate  of  potash 
(60  percent  K2O) ,  and  50  lbs  of  granulated  sul- 
fur in  a  single  application  at  transplant.   No 
nitrogen  is  required  since  Prosopis  can  fix  its 
own  nitrogen  (Felker  and  Clark,  1980).   The  total 
production  cost  for  the  first  3  year  rotation 
is  $353  per  acre.   Prosopis  coppices  or  resprouts 
from  the  stump  so  that  subsequent  rotations  will 
avoid  site  preparation  costs,  seedling  costs, 
planting  costs,  and  herbicide  costs.   Total  pro- 
duction costs  for  subsequent  coppice  rotations 
are  projected  to  be  $97  per  acre. 

As  discussed  earlier,  we  project  a  7  dry  ton 
acre"   year"^  aboveground  biomass  production  for 
Prosopis  in  south  Texas.   We  have  not  measured 
the  biomass  production  of  the  coppice  regrowth 
but  visual  estimates  of  regrowth  of  Imperial 
Valley  plantings  appear  larger  than  from  first 
year  seedling  production.   Due  to  large  carbohy- 
drate root  reserves,  coppice  regrowth  is  often 
more  productive  than  initial  seedling  production. 

Harvesting  costs  assume  use  of  the  mesquite 
combine  developed  by  Dr.  Ulich  at  Texas  Tech 
University.   This  combine  is  a  modified  130  hp 
diesel  Massey  Ferguson  tractor  which  can  harvest 
4  tons  per  hour  in  light  stands  at  a  cost  of 
$14.00  per  dry  ton  (Ulich,  1980).   Total  harvested 
costs  are  $30.80  for  the  first  rotation  and  $18.60 
for  subsequent  rotations  or  an  average  of  $22.70 
over  9  years  (3  rotations) .   As  the  number  of  cop- 
pice rotations  increases,  the  average  cost  per 
ton  would  approach  $18.60  per  ton  ($1.09  per 
million  Btu's).   This  crude  economic  analyses  does 
not  include  a  profit,  or  return  on  the  investment 
but  it  does  include  a  significant  return  to  the 
landowner  in  the  form  of  land  lease. 

Some  inexpensive  energy  sources  do  not  readily 
lend  themselves  to  deliver  the  huge  quantities 
of  energy  currently  used  in  the  United  States. 
Figure  1  graphically  expresses  the  size  biomass 
farms  required  to  power  commercial  sized  power 
plants  assuming  a  33  percent  Btu  to  Kwh  conversion 
efficiency. 

This  graph  assumes  an  unrealistic  100%  use  of 
land  area  encompassing  the  electrical  generation 
facility  and  avoids  areas  required  for  access 
roads,  municipalities,  etc.   Nevertheless,  it 
provides  a  concept  of  the  size  of  biomass  farm 


required  for  electrical  generation 


At  our  pro- 


jected yield  of  7  dry  tons  acre"-^  year"-*^  a  circle 
of  radius  of  1.38,  4.35,  6.15,  and  13.75  miles  \ 
would  be  required  for  5,  50,  100  and  500  MW  powel 
plants  respectively.  A  50  rw  plant  provides  eno 
electricity  for  approximately  50,000  people. 


The  land/water  resource  base  in  south  Texas 
has  sufficiently  high  rainfall  (20-27"  annually) 
and  land  area  (55  million  acres  in  Texas  are  cm 
rently  occupied  by  mesquite)  to  appear  feasible 
to  support  biomass  plantations  large  enough  for 
commercial  size  electrical  generating  facilities 

Land/water  resources  in  California  are  more 
limited  but  use  of  saline  irrigation  drainage 
water  in  San  Joaquin  and  Imperial  Valleys,  and 
use  of  shallow  (1-4  ft)  saline  groundwater  in 
San  Joaquin  Valley  might  support  commercial  siz< 
electrical  generating  facilities. 
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Figure  1-  BlOtWSS  FARM  RADIUS  AND  PRODUCTION  LEVELS 
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The  Potential  of  Utilizing  Chaparral  for  Energy^ 


James  R.  S.  Toland- 


Abstract:   The  world  energy  crisis  has  caused  t\ 
United  States  and  other  countries  to  start  devel 
oping  technology  for  alternative  energy  systems. 
Biomass  is  a  versatile  fuel  with  many  end  uses. 
Chaparral  has  the  potential  to  be  harvested  for 
energy  production  from  direct  utilization,  con- 
version to  alternative  energy  crops  such  as 
Jojoba,  and  by  providing  energy  production  site; 
for  techniques  such  as  wind  generator  farms  and 
solar  arrays.   This  would  approach  the  umbrella 
objective  of  reducing  the  fire-flood  sequence 
thus  saving  damage  costs  and  energy.   Chaparral 
harvesting  techniques  need  further  development, 
but  enough  equipment  exists  to  start  pilot 
testing. 


ENERGY  ASPECTS  OF  CHAPARRAL 

Little  did  Georgius  Agricola  of  Saxony  real- 
ize in  1553,  when  he  authored  a  book  on  substances 
in  the  ground,  that  the  term  he  invented  called 
"petroleum"  would  become  perhaps  the  most  signi- 
ficant word  in  any  language  in  the  late  20th 
century  (Hoover   1912).   Petroleum,  then  in 
limited  use  for  heating  and  lighting,  went  on  to 
fuel  modern  civilization  in  almost  every  facet  of 
life.   Four  hundred  twenty  years  later  (1973),  the 
world  awoke  to  the  realization  of  the  "energy 
crisis.  " 

Throughout  the  history  of  human  civilization, 
mankind  has  shown  a  remarkable  ability  to  paint 
itself  into  a  comer.   Tlie  resulting  crisis, 
whether  it  be  famine,  war,  economic  peril,  or  some 
other  circumstance,  traditionally  brings  the  world 
to  a  crossroad.   When  it  does  this,  two  options 
usually  emerge  for  the  nations  of  the  world.   The 
first  option  is  a  strong  tendency  to  become 
nationalistic  or  really  isolationistic.   The 
second  option,  more  rarely  invoked,  is  to  cope 
with  the  crisis  by  motivating  the  entire  popula- 
tion to  join  forces.   Conceivably,  the  energy 
crisis  could  unite  the  four  billion  citizens  of 
this  planet  into  recognizing  that  what  is  best 
for  the  world  may  also  be  best  for  the  individ- 
ual nations. 

This  may  be  overly  optimistic,  given  the 
current  political  state  of  the  world  today.   In 
any  case,  those  nations  who  must  import  energy — 
non  members  of  the  Organization  for  Petroleum 
Exporting  Countries   (OPEC) — certainly  have  a 
strong  motivation  to  cooperate  in  research  and 
development  of  alternative  energy  sources.   It  is 
sobering  to  realize  that  of  the  known  petroleum 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean — Type  Ecosystems, 
June  22-26,  1981,  San  Diego,  Calif. 

2^ 
Energy  Coordinator,  Forest  Service,  U.S. 
Department  of  Agriculture. 


reserves,  OPEC  controls  70  percent.  Communist 
countries  control  16  percent,  which  leaves  14 
percent  available  in  the  free  world  (Van  Syck 
1980).   Although  each  country  must  organize  and 
attack  the  energy  issue,  there  is  still  a  stron 
need  to  concomitantly  work  with  other  countries 
Here  in  the  United  States,  the  response  to  the 
energy  crisis  has  finally  reached  the  point  whe ■ 
one  can  dare  to  be  optimistic.   We  are  a  long 
way  from  energy  self-sufficiency,  but  there  are 
some  encouraging  indicators. 

1.  A  concerted  National  energy  policy  is 
developing  in  practice — not  just  on 
paper . 

2.  Energy  conservation  is  finally  under- 
stood by  every  citizen  and  stringent 
efforts  to  reduce  consumption  are  be- 
coming a  way  of  life.   Candidly,  only 
a  modest  amount  of  this  conservation 
effort  is  attributable  to  altruistic 
motivation;  most  is  due  to  one  factor — 
Cost!   However,  we  will  cheerfully 
accept  the  composite  result,  which  is 

a  well-defined  energy  conservation 
effort  showing  dramatic  reductions  in 
energy  consumption. 

3.  We  have  awakened  to  the  realization  th; 
no  single  entity  can  solve  the  problem- 
not  Government,  not  industry,  not  labor 
not  some  other  country.   Rather,  we 
observe  a  concerted  effort  evolving  to 
confront  the  crisis  and  tackle  the  soli 
tion  with  less  shouting,  hair-pulling, 
and  accusations  of  who  caused  the  prob^ii- 

Realistically,  any  cooperative  progress  at 
this  stage  may  be  best  described  as  embryonic, 
but  encouraging,  nonetheless.   I  propose  to  yoi 
that  this  approach  is  transportable — exportabli 
to  the  rest  of  the  world.   It  is  true  that  man; 
countries  are  seriously  involved  in  the  same 
struggle.   The  purpose  here  is  merely  to  remim 
you  of  the  need  for  continued  and  expanded  mu- 
tual cooperation  in  energy  development.   There 
is  a  need  to  look  calmly  and  cooperatively  at  e 
achievable  rather  than  dwell  upon  the  dimensio) 
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ij  the  catastrophe.    The  world  does  not  lack 
iternative  energy,  only  the  facilities  to  utilize 
i3t  already  exists.   As  the  world  supply  of  pe- 
IDleum  and  natural  gas  diminishes  and  the  price 
icalates,  we  must  turn  to  other  energy  sources. 

The  seriousness  of  the  situation  can  be  gra- 
[Lcally  illustrated  by  a  quick  look  at  the  energy 
tuation  in  the  State  of  California.   The  State 
(,isumes  more  energy  than  any  other  State  and  de- 
fids  upon  fossil  fuels  for  90  percent  of  total 
Eargy  needs.   Of  that  total,  54  percent  must  now 
t  imported  from  other  States  and  countries 
Ijller,  1981).   It  is  imparative  that  the  State 
Ei  the  Nation  develop  alternative  energy  sources. 


];  Use  of  Wood  for  Energy 

In  the  near  term,  wood  combustion  is  one  of 
t^  more  promising  alternative  fuel  technologies. 
Ii  process  technology  is  known,  package  systems 
a.:   available,  less  pollution  is  generated  than 
£.•  most  other  alternatives,  and  the  technology 
f'  economically  harvesting  the  resource  exists 

0  is  under  development.   Wood  can  be  chipped, 

d  sified  into  pellets  and  briquets  to  improve  its 
f  1  qualities,  distilled  into  alcohol,  gasified, 
polyzed  to  produce  oil  and  charcoal,  and  conver- 
tl  to  chemicals  and  plastics  to  replace  petroleum- 
b  ;ed  products. 

1  The  Forest  Service  has  outlined  a  national 
P'gram  for  achieving  a  goal  of  6.4  quads-^  of 

B  rgy  from  woody  biomass  by  1990.   There  are 
ratively  large  quantities  of  unutilized  wood 
t  t  could  be  used  for  energy.   This  includes 
1  ging  residues,  thinnings,  wood  manufacturing 
r  idues,  urban  wood  waste,  and  trees  and  brush 
t  t  cannot  now  be  economically  manufactured  into 
»d  products.   The  Forest  Service  has  estimated 
t  t  over  25  million  tons  of  this  material  could 
b  made  available  on  an  annual  basis  in  California. 
Enemies  currently  limit  the  use  of  much  of  this 
aerial.   However,  with  increasing  petroleum 
p  ces  and  better  application  of  research  and 
d elopment  efforts,  more  is  being  used  for  energy 
eh  year. 

World  petroleum  prices  have  leveled  off  during 
t  last  few  months  and  this  has  given  rise  to  a 
P  liferation  of  optimistic  forecasts.   The  most 
I'liable  look  at  the  future  is  given  in  the  Global 
2tO  Report.   Very  briefly,  the  projection  for 
eirgy  is  spiraling  costs  and  decreased  supply. 

■  Achievement  of  the  6.4  quad  goal  for  woody 
b  mass  will  have  a  profound  effect  on  the  econ- 
0' ,  primarily  in  rural  areas.   It  will  mean  at 


least  300,000  new  jobs,  $9  billion  annually  in 
wood  industry  receipts,  and  an  equal  amount  of 
business  for  supporting  industry.   The  Forest 
Service  expects  an  additional  $60  million  in 
stumpage  receipts  plus  a  savings  of  $75  million 
annually  in  timber  management  costs.   The  equiv- 
alent of  760  million  barrels  of  oil  will  be  dis- 
placed annually  by  wood  energy.   The  proportionate 
effect  in  California  would  also  be  significant 
(U.S.  Dept.  of  Agric,  Forest  Service  1980). 

Chaparral  has  the  potential  to  play  an  impor- 
tant role  in  biomass  utilization  for  alternate 
energy  development.   The  magnitude  of  this  re- 
source is  significant.   There  are  approximately 
11  million  acres  (4,500,000  ha)  of  this  vegetative 
type  of  which  1.5  million  acres  (607,000  ha) 
are  located  in  San  Diego  County  (Bolsinger  198C). 
In  our  relentless  pursuit  of  the  hallowed  Btu, 
chaparral  deserves  special  attention. 

Until  recently,  management  of  chaparral,  par- 
ticularly in  Southern  California,  has  been  one  of 
fire  exclusion.   This  has  involved  a  major  commit- 
ment of  workforce  and  funds  by  fire  protection 
agencies  directed  toward  prevention  and,  inevi- 
tably, to  fire  suppression.   The  approach  seemed 
valid:   prevent  the  chaparral  from  burning 
and  thereby  preserve  the  watershed  and  the  down- 
stream values.   The  result  has  been,  rather  con- 
sistently, the  well-known  fire — flood  sequence. 
Denuded,  the  steep  slopes  lose  most  of  their  water 
and  soil  retaining  ability.   When  the  rainy 
season  arrives,  runoff  is  greatly  increased, 
carrying  with  it  topsoil  and  even  rocks.   This 
often  results  in  heavy  downstream  damage  partic- 
ularly where  the  drainages  meet  the  urban  zone. 

During  the  last  few  years,  a  new  concept  has 
been  evolving — that  of  vegetation  management. 
This  is  defined  as  actually  managing  the  vegeta- 
tion with  objectives  that  encompass  multiple  use. 
The  technology  is  evolving  and  as  it  does  the 
premise  of  vegetation  management  looks  better  each 
year.   "Multiple  use"  means  different  things  to 
different  people,  but  certainly  one  main  purpose 
of  a  vegetative  management  program  is  reduction 
of  the  number  and  size  of  disastrous  wildfires. 
Currently  vegetation  management  is  heavily  skewed 
to  prescribed  burning.   Although  this  is  an 
acceptable  interim  measure,  it  does  waste  tremen- 
dous amounts  of  energy.   From  the  energy  perspec- 
tive, it  is  equivalent  to  "flaring"  natural  gas 
in  the  oil  fields  and  refineries,  which  was  for- 
merly the  norm. 

To  illustrate  the  energy  potential  of  chapar- 
ral, a  value  of  8,6000  Btu  per  pound  is  used.^ 
Chaparral  dry  weight  loading  of  10  tons  to  50  tons 
per  acre  (22,477  kg/ha  to  112,038  kg/ha)  are 
quite  common.   Energy  values,  therefore,  range 


3         15 
quad  =  10    Btu  (British  thermal  unit) 


This 


1:  approximately    equivalent    to    the   energy    content 
Oone-half   million   barrels   of   oil   per   day    for 
°\  year. 
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from  172  million  Btu  per  acre  to  602  million  Btu 
per  acre  (426  million  Btu/ha  to  2,124  million 
Btu/ha). 

A  major  thrust  of  vegetation  management  could 
be  energy  production  by  several  approaches,  in- 
cluding direct  utilization  of  the  existing  chap- 
arral biomass,  type  conversion  to  alternative 
vegetation  which  produces  a  greater  energy  re- 
turn, and  by  designating  special  areas  for  energy 
production  utilizing  such  devices  as  windmill 
farms  (Wind  Energy  Conversion  Systems)  or  photo- 
voltaic arrays.   Any  of  these  approaches  would 
have  many  payoffs,  including  reduction  of  con- 
flagrations. 


A  Vegetative  Classification  and  Inventory  System 

Before  land  managers  can  really  begin  scienti- 
fic management  of  chaparral,  there  must  exist  a 
commonly  accepted  classification  and  inventory 
system.   We  do  have  an  energy  shortage,  but  we 
certainly  do  not  have  a  shortage  of  classification 
systems.   A  search  of  the  literature  shows  an 
impressive  number  of  such  systems,  each  based  upon 
different  criteria.   There  is  tremendous  variation 
in  data,  even  in  the  basic  factor  of  total  area 
of  chaparral.   The  most  significant  breakthrough 
needed  in  chaparral  management  today  is  an  agree- 
ment by  land  protection  and  management  agencies  to 
adopt  one  classification  system  and  one  biomass 
inventory  system.   The  California  Department  of 
Forestry  and  the  U.S.  Forest  Service  are  nearing 
agreement  to  standardize  using  the  "CALVEG" 
vegetative  classification  system.   Accomplishing 
this  would  be  a  very  worthwhile  step.   Nationally, 
a  Federal  inventory  group  based  at  the  Forest 
Service  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  Colo.,  has  developed  a 
National  vegetative  classification  system.   The 
CALVEG  system  is  designed  to  fit  within  this  hier- 
archical scheme,  and  this  is  important. 

The  Honey  Lake  Project,  discussed  later  in  this 
paper,  has  resulted  in  the  development  of  an  ex- 
cellent biomass  inventory  system.   Computer-based, 
this  system  provides  a  standardized  inventory 
system,  currently  being  used  on  15  million  acres 
(6,072,875  ha)  of  forest  land  in  Northern 
California.   It  would  be  an  ideal  system  for 
State-wide  application.   To  do  this  would  require 
agreement  of  principal  land  management  and  pro- 
tection agencies  and  the  assistance  of  research 
in  developing  accurate  coefficients  to  the  degree 
required.   This  system  is  up  and  running,  and 
would  be  a  highly  cost-effective  method  to  imple- 
ment State-wide. 


It  can  only  be  accomplished  by  agreement  among 
land  management  agencies  and  the  strong  support 
research. 


Alternative  Energy  Crops 

After  chaparral  on  adaptable  areas  of  suitab 
geomorphology  is  cleared  either  by  wildfire  or 
harvest,  the  site  would  be  treated  to  control 
brush  regrowth.   Plantation  location,  size,  and 
extent  of  appropriately  prescribed  energy  plants 
could  then  be  established. 

A  substantial  amount  of  research  and  develop 
ment  has  been  done  with  some  of  these  energy  pla 
The  plants  mentioned  here  are  especially  suited 
for  arid  or  semiarid  growing  conditions.  Collec 
tively,  these  plants  produce  a  remarkable  variet 
of  products  including  cosmetics,  high  grade  lubr 
cation  oils,  waxes,  rubber,  and  other  chemical 
feedstock. 


Jojoba  (Slmmondsla  chinensis)  appears  to  be 
the  most  attractive  of  these  plants.   The  Office 
of  Arid  Lands  Studies,  University  of  Arizona, 
provides  leadership  and  coordination  for  researc 
and  development.   Several  other  universities, 
particularly  the  University  of  California  at 
Riverside,     private  companies  and  associatior,i 
are  also  actively  involved  in  research,  developn^at 
and  pilot  testing  of  this  plant.   Jojoba  seeds 
contain  50  percent  by  weight  high  grade  lubricaton 
oil  quite  similar  to  sperm  whale  oil.   Results  lom 
a  5-year-old  plantation  show  yields  of  up  to  35^ 
pounds  per  acre  (400  kg/ha)  (Yermanos  1979). 


Guayule  (Parthenium  argentatum)  produces  a 
different  form  of  energy — rubber.   Emergence  of 
this  plant  as  a  source  of  rubber  is  not  new. 
During  World  War  II,  faced  with  uncertain  suppl 
of  this  essential  commodity,  the  U.S.  Governmen 
established  the  Emergency  Rubber  Project  and 
planted  30,875  acres  (12,500  ha)  in  California 
the  Southwest.   Interestingly,  this  organizatioi 
was  largely  staffed  with  personnel  from  the  U.S 
Forest  Service.   When  the  war  ended,  so  did  the 
project. 


In  19  76,  Mexico  launched  a  research  and  dev - 
opment  program  and  has  an  operating  pilot  proce- 
sing  plant.   In  1978,  the  U.S.  Congress  passed 
the  Native  Latex  Commercialization  Act  authorizig 
a  renewed  research,  development,  and  demonstrat>)n 
project  for  guayule. 

Other  plants  with  apparent  energy  potential 
include : 


Chaparral  Assessment 

Data  supplied  by  the  above  systems  would  make 
possible  a  complete  assessment  of  chaparral  lands 
Integrating  all  significant  information.   This, 
for  the  first  time,  would  provide  a  data  base 
needed  by  chaparral  planners  and  decisionmakers. 


1.  Buffalo  Gourd  (Cucurbita  spp.) 

2.  Gopher  Plant  (Euphorbia  lathyris) 

3.  Meadowfoam  (Limnanthes  spp.) 

4.  South  American  Mesquite  (Prosopis  chilejjj 
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I   Energy  farming  could  also  include  tree  farm 
•ops.   Several  species  of  eucalyptus  (Eucalyptus 
ip.),  have  shown  potential  for  high  growth  rates 
th  short  rotation  periods. 

Biomass  is  a  very  versatile  fuel.   The  major 
itegories  include  the  following: 

1.  direct  combustion 

2.  gasification 

3.  pyrolysis 

4.  chemical  production  feedstock 

5.  alcohol  production  feedstock 

6.  vegetative  type  conversion  to  energy  crops. 

Each  of  the  above  are  broad  categories  and 
've  a  number  of  distinct  process  variations. 

el  Processing 

Trees  and  larger  brush  stems  have  been  used 
r  fuelwood  in  the  past  and  could  form  a  part 
I    an  integrated  energy  development  program.   The 
■mainder  of  the  plant  with  or  without  the  larger 
Proponent  must  be  chipped,  hogged,  or  densified  to 
:cilitate  economic  transportation.   Many  types 

<  chippers  or  hogs  already  exist  which  can  be 
(dered  off  the  shelf.   Examples  include  the  Fling 
Imolisher  and  the  Morbark  chipper.   Some  addi- 
I'onal  development  is  required  to  produce  an 
(ficient  hopper  and  infeed  mechanism  to  accommo- 
(te  shrubs  instead  of  logs  or  slash.   For  many 
(rect  combustion  devices,  the  fuel  is  now  suit- 
ile  for  use.   An  additional  step  of  reducing  the 
)2l  moisture  content  could  improve  efficiency 

id  make  the  fuel  suitable  for  many  other  types 

<  burners.   Densif ication  is  a  further  refine- 
nt  of  chipping  or  hogging  with  the  added  step  of 
inlying  pressure  to  produce  pellets  or  briquets. 

The  California  Department  of  Forestry  is  the 
pponent  of  a  contract  to  produce  a  prototype 
njile  densifier.   The  results  of  pilot  tests  with 
tit  device  should  be  carefully  analyzed.   Pres- 
5re  application  devices  can  also  produce  products 
i:luding  "Presto  Logs"  or  various  sized  wafers, 
iikes,  or  pellets.   The  Woodex  pelletizer  produces 
c':uel  now  in  wide  use.   Agri-Fuel  is  a  recent 
c^elopment  of  Combustion  Equipment  Associates. 
iLs  product  is  a  dry,  free-flowing  powder  with  a 
Jj-ash  and  low  sulfur  content,  and  has  a  heating 
^Lue  of  approximately  8,000  Btu  per  pound 
(',637  Btu/kg) .   It  is  suitable  for  use  in  many 
t)es  of  furnaces.   Obvious  advantages  include 
£ie  of  transportation,  storage,  and  handling. 
!■-  processed  fuel  or  feedstock  is  also  suitable 
i'   chemical  extraction,  alcohol  or  synfuel 
F'duction. 


Direct  Combustion 

Residential  use  of  fuelwood  for  heating  and 
cooking  extends  from  the  caveman  to  modem  times. 
The  current  resurgence  in  popularity  could  not  have 
been  predicted  just  a  fev;  years  ago.   Some  of  the 
newly  developed  fuels,  such  as  briquets  or  pellets, 
are  suitable  for  use  in  existing  burning  devices 
without  modification.   For  large-scale  use,  there 
is  a  wide  range  of  commercially  available  boilers 
and  furnaces  with  all  apurtenances  for  a  complete 
plant  installation.   Once  a  decision  is  reached 
on  the  type  of  fuel  to  be  used,  a  complete  system 
can  be  easily  designed  for  the  specific  facility. 

The  proposed  Honey  Lake  Project  in  Lassen 
County,  California,  is  an  example  of  an  innovative 
approach  to  energy  production.   The  project  is  a 
hybrid  geothermal-wood  residue  electric  power  gen- 
erating facility  with  a  projected  output  of  50 
megawatts.    The  process  involves  using  geothermal 

fluid  in  the  temperature  range  of  240  F  to  350  F 

o        o 
(116  C  to  177  C)  to  provide  heat  for  three  purposes: 

(1)  to  preheat  the  boiler  feedwater;  (2)  to  pre- 
heat the  furnace  combustion  air;  and  (3)  to  reduce 
the  moisture  content  of  the  biomass  fuel.   As 
planned,  the  facility  would  require  1,000  dry  tons 
(907,200  kg)  of  biomass  per  day,  which  is  consid- 
ered entirely  realistic.   Involved  in  funding  the 
feasibility  studies  are  GeoProducts  Corp. ;  Depart- 
ment of  Water  Resources,  State  of  California;  U.S. 
Department  of  Energy;  and  the  Forest  Service. 

An  example  of  innovative  technology  for  pro- 
ducing energy  is  a  steam  motor  called  the  Gordon- 
Torquer,  currently  being  tested.   This  motor  in- 
corporates a  new  method  of  utilizing  steam  with  a 
low  engine  weight  to  horsepower  ratio  and  appears 
to  have  tremendous  potential.   It  is  suitable  for 
direct  use  with  geothermal  steam  or  steam  generated 
by  any  source. 


Gasification 

This  is  an  old  technology  which  has  been  up- 
dated with  many  improvements.   Off-the-shelf  equip- 
ment is  available  to  produce  low  and  medium  Btu 
gas.   Medium  Btu  gas  can  be  compressed,  and  later 
reconstituted  into  a  variety  of  petroleum  products. 
Direct  use  to  operate  internal  combustion  engines 
or  to  fuel  boilers  is  a  common  application. 

A  gasification  unit  has  been  recently  installed 
for  a  hospital  in  Rome,  Georgia,  to  provide  a  com- 
plete heating  and  cooling  system,  replacing  the 
natural  gas  and  oil  fired  system  used  previously. 
The  new  unit  consumes  three  tons  (2,777  kg)  per 
hour  of  wood  chips  which  have  a  moisture  content 


'l  megawatt  =  1,000,000  watts. 
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of  approximately  50  percent.   The  resulting  low 
Btu  gas  (150  Btu/ft3)  (530  Btu/ds)  provides 
19,000  pounds  (8,618  kg)  of  steam  per  hour.   Capi- 
tal cost  will  be  amortized  in  two  years. 

During  the  19  30 's,  Nazi  Germany  made  heavy 
investments  in  the  development  of  wood  burning 
gasification  systems  for  vehicles.   This  was,  of 
course,  motivated  by  a  planned  future  major  war 
which  would  limit  available  petroleum.   The  Germans 
brought  the  technology  to  a  point  of  complete 
feasibility.   During  the  World  War  II,  this  tech- 
nology was  used  extensively  throughout  Germany  and 
German-occupied  countries  mostly  for  civilian 
vehicles.   As  petroleum  once  again  became  avail- 
able after  the  end  of  the  war,  gasifiers  were 
quickly  replaced  and  the  technology  was  relegated 
to  history — or  so  it  was  thought.   Since  1973, 
renewed  interest  has  brought  this  system  out  of 
retirement,  updated  it  with  modern  technology  and 
this  system  could  be  marketed  on  short  notice 
(Skou  and  Papworth  1974).   Who  knows,  in  the 
future,  a  person  may  drive  into  a  fuel  station 
and  order  10  kilos  of  wood  pellets — perhaps  chamise 
(Adenostoma  f asciculatum)  for  short,  fast  freeway 
trips,  and  oak  (Quercus  spp.)  for  longer  trips. 


Pyrolysis 

Pyrolysis  is  a  process  in  which  an  organic 
material  is  heated  to  high  temperatures  and  broken 
down  in  the  absence  of  oxygen.   The  result  is  that 
80  percent  of  the  energy  value  of  the  biomass  is 
converted  to  oil,  gas,  and  char.   The  relative 
yields  are  determined  by  the  temperature.   The 
oil  fraction  equates  approximately  to  number  6  fuel 
oil,  although  the  heating  value  is  about  30  per- 
cent less,  or  12,800  Btu/lb  (28,211  Btu/kg) .   The 
gas  so  produced  can  be  utilized  to  operate  the 
pyrolytic  converter.   One  ton  (907  kg)  of  dry 
feedstock  can  produce  up  to  two  barrels  of  oil, 
200  to  400  pounds  (91  kg  to  181  kg)  of  char,  plus 
a  quantity  of  combustible  gas.   The  oil-char  mix 
can  be  used  (with  some  adjustment)  in  conventional 
oil-fired  boilers.   The  char  can  be  separated  and 
aggregated  for  use  as  charcoal.   Pyrolysis  to  pro- 
duce charcoal  only  is  also  a  feasible  alternative. 
The  State  of  California  Solid  Waste  Management 
Board  has  recently  completed  and  has  been  testing 
a  mobile  pyrolytic  converter.   Data  from  pilot 
testing  is  not  yet  available.   Other  versions  of 
converters  are  successfully  operating  in  various 
parts  of  the  country. 


Chemical/Alcohol  Feedstock 

Biomass  utilized  as  a  feedstock  for  chemical 
and  alcohol  production  show  much  promise.   New, 
more  efficient  processes  are  being  developed 
regularly. 


Magnetohydrodynamics  (MHD) 

This  is  a  process  to  generate  electricity 
that  has  the  potential  for  greater  efficiency 
than  any  other  method.   The  technology  is  in  th 
advanced  research  and  development  stage,  but 
results  from  subscale  tests  look  promising. 
Basically,  this  process  involves  pumping  a  gas 
at  high  velocity  through  a  tube  surrounded  by  a 
powerful  magnetic  field.   Electrodes  protruding 
into  the  gas  stream  cause  an  electrical  current 
to  flow.   Experimental  design  utilizes  coal  as 
source  of  the  necessary  gas.   Conceivably,  biom 
could  be  used  and  offers  the  advantage  of  much 
lower  emissions  of  SO,^  and  NO^^.   Highly  efficie 
electrical  power  generation  facilities  fueled  b 
biomass  with  low  emission  rates  would  be  welcom 
additions  to  Southern  California,  in  particular 


Biomass  Combustion  Emissions 


Emissions  from  large  scale  wood  fueled  devi 
are  primarily  particulates,  consisting  mainly 
ash  and  unburned  char.   Emissions  of  CO,  SO^  i 
NOjj  are  sufficiently  low  that  no  special  contro 
is  required. 
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jei 


k 
For  particulate  control,  there  are  six  basi 

types  of  emission  control  systems  recommended  f  u 
use:   baghouse,  wet  scrubber,  venturi  scrubber, 
multiple  cyclone,  electrostatic  dry  scrubber,  ai 
electrostatic  precipitator.   Each  type  can  be  L2d 
and,  of  course,  each  has  advantages  and  disadvs- 
tages.   For  large-scale  devices,  the  most  cost- 
effective  type  is  the  electrostatic  precipitate. 


Environmental  Consideration 

Harvesting  chaparral  for  energy  will  requii 
a  thorough  Environmental  Analysis.   Careful  cor 
sideration  must  be  given  to  archaeology,  rare  id 
endangered  flora  and  fauna,  soil  erosibility  ai 
productivity,  nutrient  depletion,  riparian/pseio- 
riparian  zones,  clear-cut  block  size,  visual 
impacts,  coordination  with  all  landowners  and 
public  involvement.   Data  derived  during  the  c(- 
prehensive  assessment  mentioned  earlier  would  I 
invaluable. 


The  Laguna-Morena  Demonstration  Area  locatf 
in  San  Diego  County,  represents  a  monumental 
step  in  coordinated  research  and  development 
on  chaparral  management.  It  has  pulled  togethf 
the  most  knowledgeable  people  to  develop  vastl; 
improved  systems  for  integrated  chaparral  manaj 
ment.  Harvesting  for  energy  has  been  considerf 
as  an  alternative'  and  this  project  offers  the 
most  logical  springboard  for  active  demonstrat: 
of  chaparral  harvesting  and  energy  farming. 
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irvesting  Methods 

The  motivation  for  harvesting  chaparral  to 
ite  has  been  mainly  to  clear  fuel  breaks  and  for 
rpe   conversion  to  grass.   Since  this  presented  a 
Lmited  market,  the  incentive  has  been  lacking 
ir  the  development  of  mechanized  equipment  speci- 
.cally  designed  for  chaparral.   The  proposed 
I'.w  objective  of  chaparral  harvesting  for  energy 
;  economic  removal  of  a  maximum  volume  of  surface 
igetation  with  appropriate  environmental  safe- 
•lards.   Vegetation  may  be  either  cut  and  piled 
'ir  later  removal,  chipped,  or  densified  and 
imoved  from  the  site  in  one  operation.   Stumps 
l.d  root  systems  must  be  left  intact  to  encourage 
lirouting. 


nventional  Methods 


Clearing  by  hand  has  included  the  use  of  hand 
,ols,  gasoline-powered  chain  saws,  and  circular 
nd  saws.   The  work  can  be  done  very  selectively 
Id  on  any  type  of  terrain.   However,  since  this 

a  labor-intensive  method,  production  is  slow 
'd  per-unit  cost  is  high. 

Mechanized  equipment  includes  tractors  of 
=-rlous  sizes  using  either  straight  bulldozer 
lades  or  brush  rakes.   Although  this  process 
ifectively  removes  and  piles  the  brush  and  pro- 
■ction  rates  are  good,  two  serious  disadvantages 
'mit  extensive  use: 


1.  Excessive  soil  disturbance  with  resulting 
increased  erosion  potential. 

2.  Removal  of  many  root  crowns  and  root 
systems  which  restricts  resprouting. 


Other  ground-operated  methods  such  as  chaining 
d  mulching  are  considered  inappropriate  for 
ergy  harvesting  because  of  their  many  disadvan- 
ges  such  as  excessive  soil  disturbance  and  mixing 
!il  with  the  biomass. 


Optimum  Harvesting  System 


Terrain  dictates  two  distinct  systems  for 
rge-scale  harvesting  operation. 


1.  For  slopes  up  to  30  percent,  an  all- 
terrain  vehicle  is  needed  which  cuts, 
shreds,  and  self-loads  an  economic 
payload  free  of  soil  and  rock.   Equip- 
ment must  be  able  to  avoid  rocks,  small 
groves  of  vegetation,  and  even  individ- 
ual specimen  plants. 

2.  A  system  for  harvesting  steeper  slopes. 

Unfortunately,  such  systems  are  not  yet  stocked 
'  equipment  dealers.   Some  vehicular  harvesters 
<  exist  which  at  least  approach  the  optimum.   If 
■narket  for  such  equipment  existed,  it  is  probable 
lit  development  would  rapidly  follow.   The  biomass 


harvester  developed  by  Georgia  Pacific  Corporation 
does  perform  all  the  above  operations,  but  current 
design  limits  its  use  to  flat  land  or  gentle  slopes 
at  the  most. 

The  Shar  Twenty  manufactured  by  the  Shar 
Corporation  does  an  impressive  job  of  cutting  and 
shredding  brush,  but  retrieving  the  debris  is  not 
yet  perfected.   This  general  type  of  equipment 
currently  offers  the  greatest  potential. 

The  ultimate  system  for  steep  terrain  proposed 
by  several  and  set  forth  in  detail  by  Miles  and 
Moini  (1980)  borrows  from  the  high  lead  or  skyline 
log  yarding  system  used  in  many  parts  of  the 
Western  United  States. 

Such  a  system  could  be  much  lighter  in  weight 
and  more  portable.   A  ground-operated  feller- 
buncher  would  cut  and  stack  or  windrow  the  brush. 
The  skyline  equipped  with  tongs  would  then  pick 
up  the  material  and  transport  it  to  a  road  where 
further  processing  would  take  place.   A  mobile 
clipper  would  reduce  the  bulk  and  load  it  directly 
onto  a  truck  or  storage  bins.   A  densifier  could 
be  used  on  site  to  produce  pellets.   Another 
alternative  is  to  bale  the  brush  much  like  hay 
is  baled.   Transportation  could  be  by  truck  or 
large-capacity  helicopter.   The  possibility  exists 
to  utilize  the  biomass  on  site  in  a  mobile  pyrol- 
ytic  converter.   Another  "ultimate"  system  is  a 
harvester  similar  to  the  Shar  Thirty  Machine  which 
would  deposit  shredded  material  either  in  contain- 
ers or  on  cargo  type  nets.   When  dry,  the  contain- 
ers or  nets  would  be  picked  up  by  the  aircraft 
called  the  Helistat  and  transported  to  a  centrally 
located  concentration  yard.   The  Helistat  is 
under  development  by  the  Forest  Service  in  cooper- 
ation with  the  Air  Force.   Four  helicopters  are 
attached  to  a  dirigible  with  a  theoretical  payload 
of  2A  tons  (21,800  kg). 


SUMMARY  AxND  CONCLUSION 

1.  There  is  a  compelling  need  to  reduce  the 
fire/flood  sequence  which  has  histori- 
cally prevailed  on  chaparral  lands. 
Managing  chaparral  lands  for  energy 
would  be  an  effective  solution  to  this 
problem  while  providing  an  energy  out- 
put urgently  needed  by  this  country. 

2.  Biomass  is  a  proven  feedstock  for  a  wide 
variety  of  energy  producing  processes. 

3.  Harvesting  chaparral  for  energy  utili- 
zation should  be  an  important  consider- 
ation in  chaparral  vegetation  management. 

4.  There  is  an  urgent  need  for  land  manage- 
ment agencies  to  reach  agreement  on  usin^ 
one  chaparral  vegetative  classification 
and  inventory  system  with  complimentary 
subsystems.   There  is  a  significant  role 
in  this  for  research. 
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A  complete  assessment  of  chaparral  and 
chaparral  lands  is  needed  using  data 
developed  in  the  previous  conclusion. 

An  aggressive  equipment  development 
program  is  needed  and  methods  should 
be  pursued  to  fund  this  effort.   The 
annual  cost  of  fire  and  flood  damage 
is  ample  justification.   A  joint 
project  involving  Federal  and  State 
agencies  and  private  companies  is 
suggested. 

A  concerted  Research  and  Development 
Program  using  state-of-the-art  equip- 
ment and  techniques  should  be  imple- 
mented now. 

There  is  a  need  for  an  accellerated 
research  program  because  there  are 
still  more  questions  and  guesses  about 
chaparral  than  there  are  factual, 
scientific  answers. 
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I  ilization  of  Biomass  in  Mediterranean-Type 
hosystems:  A  Summary  and  Synthesis' 


I 


( Eusene  Conrad- 


This  session  on  the  potential  of  Mediterranean- 
pe  ecosystems  to  supply  biomass  as  a  supplemen- 
1  source  of  energy  is  a  natural  result  of  the 
_esent  worldwide  shortage  of  low-cost  fuel.   Some 
I  these  ecosystems  are  highly  productive,  partly 
cause  the  summer  drought  is  modified  by  dense 
g  which  reduces  the  normal  maximum  air  tempera- 
re  to  less  than  25°  C.   Also,  wet-season  precip- 
ation  approaches  lOOU  mm.   Biomass  from  such 
losystems  is  often  used  for  sawtimber,  and  only 
:sidue  is  available  for  energy.   At  the  other 
ttreme  of  Mediterranean  climate,  marine  air 
Eluence  is  low  and  the  dry  season  is  hot  and 
larly  devoid  of  any  form  of  precipitation.   Under 
lese  conditions,  most  of  the  presently  available 
ithods  of  biomass  processing  may  use  as  much 
(ergy  as  the  biomass  can  provide. 

by  the  definition  of  Mediterranean  climate 
ctributed  to  Koppen,  precipitation  in  at  least 
(;  summer  month  must  be  less  than  3  cm  and  one  or 
ere  winter  month  must  receive  at  least  three 
lues  the  amount  received  in  the  lowest  summer 
nth.   Also,  the  temperature  of  the  coolest  month 
i3t  be  between  -3°  C  and  18°  C  and  that  of  the 
vnnest  month  above  10°  C  (Hidore  1969).   Aschmann 
•973)  adds  the  conditions  that  total  precipita- 
lon  must  be  at  least  275  mm  at  coastal  sites  and 
'.J   mm  at  inland  sites,   his  upper  boundary  is  900 
c.   his  intent  seems  to  be  to  fit  the  definition 
I  the  chaparral  zone  of  California. 

In  this  summary  of  the  papers  presented  in  the 
£5sion,  some  source  material  from  other  publica- 
tDns  is  included  to  clarify  certain  points.   The 
siunary  begins  with  discussion  of  a  few  fundamen- 
tLs  of  biomass  production  from  Oechel  .   Method- 
Ogy  for  measuring  biomass  is  the  second  topic; 
ti  Pillsbury  and  Kirkley  paper  is  the  key  source 
c  information,  with  additions  from  Margaris, 
l.and,  and  kiggan  and  Dunn.   We  then  shift  to  a 
cjcussion  of  technology  for  biomass  utilization, 
cawing  on  papers  by  Toland,  kiggan  and  Dunn,  and 
f-ker  and  others.   Finallv,  for  comments  on  the 
ijacts  of  biomass  removal,  the  Margaris,  kiggan 
»i  Dunn,  Felker  and  others,  and  Toland  papers  are 
timary  source  documents. 


Presented  at  the  Symposium  on  Dynamics  and 
^'lagement  of  Mediterranean-type  Lcosystems,  June 
^■26,  1981,  San  Diego,  California. 

2 
botanist,  Pacific  Southwest  torest  and  Range 

■^'eriment  Station,  torest  Service,  L.S.  Depart— 

"It  of  Agriculture,  kiverside,  Calif. 


t    Tech    Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
^  ;rimenl  Station.  Forest  Service.  U.S.  Department  of  Agnculture;  1982. 


Recently,  there  have  been  many  papers  and  at 
least  five  symposia  dealing  with  biomass.   A 
French  review  of  forest  biomass  published  in 
Forestry  Abstracts  (Parde  1980)  identifies  the 

oil  crisis  '  as  one  of  three  reasons  for  the 
current  high  level  of  interest  in  biomass.   The 
other  reasons  cited  by  Parde  are  a  significant 
shift  in  the  timber  trade  and  industry  during  the 
1960 's  toward  transactions  in  weight  rather  than 
volume,  and  an  increasing  tendencv  bv  scientists 
to  measure  biological  productivity  of  forests  as 
dry  weight  of  plant  biomass.   Parde  sees  these 
three  impacts  as  leading  to  scientific  and  techni- 
cal upheaval,   he  points  to  an  "explosion"  of 
literature  on  the  subject. 


BIOMASS  PRODUCTION 

Vegetation  managers  are  concerned  about  how 
much  biomass  is  available.   Basic  physiological 
processes  control  biomass  accumulation.   Primarv 
production  starts  with  the  assimilation  of  carbon, 
and  an  understanding  of  this  process  suggests  some 
of  the  factors  that  control  production.   Oechel 
considers  nutrients,  moisture,  temperature,  and 
stand  age  to  establish  the  groundwork  for  net 
production  in  biomass.   Potential  production  is 
not  equal  among  different  shrub  species.   Of  the 
species  measured,  chaparral  whitethorn  (Ceanothus 
leucodermis  Greene.)  has  the  highest  potential 
photosynthesis  rate,  followed  bv  seven  other 
common  chaparral  species  in  California.   The 
species  with  the  lowest  maximum  photosvnthesis 
rate  is  sugarbush  (Rhus  ovata  Wats.). 

Water  stress  is  usually  the  most  limiting 
factor  in  Mediterranean-type  ecosystems.   A  kev 
point  in  Oechel 's  analvsis  is  that  temperature  is 
relatively  unimportant  in  chaparral  areas  of 
southern  California.   Winter  temperature  is  not 
low  enough  to  suppress  photosvnthesis,  and  summer 
temperature  is  not  so  high  that  photosynthesis 
will  be  stopped.   This,  of  course,  does  not  mean 
that  temperature  would  not  otherwise  control 
growth.   Plant  moisture  stress  can  limit  photosvn- 
thesis in  several  wavs  in  addition  to  its  direct 
effect.   A  plant's  vascular  system  must  deliver 
water  from  the  roots  to  the  leaves;  if  transloca- 
tion cannot  keep  up  with  evaporation,  the  leaf 
stomata  close  so  that  photosynthesis  slows  and  may 
nearly  cease. 

Conflicting  infomiafion  is  available  on  the 
nutrient  budget  of  chaparral  species,  according  to 
Oechel.   Nitrogen  fertilization  appears  to  depress 
the  photosynthetic  rate  in  greenhouse  studies; 
photosynthesis  increases  when  nitrogen  is  less 
available.   However,  nitrogen  also  affects  pat- 
terns of  carbon  allocation,  so  that  even  though 
photosvnthesis  is  depressed,  a  higher  proportion 
of  carbon  mav  be  allocated  to  growth.   Consequent- 
Iv,  fertilizing  a  stand  of  field-grown  plants  may 
show  that  adding  nitrogen  increases  growth  rate. 

Plant  age  and  stage  of  ecosvstem  development 
plav  an  important  role  in  determining  biomass 
accumulation  in  chaparral  and  some  other  Medirer- 
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ranean-type  ecosystem  communities.   Biomass  accu- 
mulation in  chamise  (Adenostoma  fasciculatum  H.  & 
A.)  is  pointed  out  as  an  example  of  age  depen- 
dence.  Photosynthesis  rates  in  resprouting 
chamise  can  be  up  to  five  times  higher  than  in 
shoots  on  mature  plants.   Furthermore,  Oechel 
makes  an  interesting  (and  frustrating)  observation 
that  although  postfire  sprouts  show  a  marked 
increase  in  photosynthesis,  sprouts  from  cut 
plants  behave  like  the  old  vegetation  and  do  not 
show  enhanced  growth.   The  information  leading  to 
this  observation  is  from  only  one  study  however, 
ana  may  not  be  conclusive. 

Oechel  identifies  some  outstanding  problems  for 
which  answers  are  needed,  regardless  of  how  chap- 
arral plant  resources  are  used.   First,  the  effect 
of  harvesting  on  water  relations  and  photosynthe- 
sis is  complex  and  in  need  of  study.   Chaparral 
species  appear  to  respond  differently  to  burning 
and  cutting.   Mature  plants  use  two-thirds  of  the 
carbon  assimilated  in  photosynthesis  for  respira- 
tion, whereas  sprouts  use  substantially  less.   The 
amount  of  stored  carbohydrate  is  significant  in 
promoting  initial  and  subsequent  sprout  growth, 
but  the  processes  controlling  storage  and  avail- 
ability for  sprout  growth  are  not  well  defined  or 
understood . 


MhThUDULUGY  FUk  MEASURING  BIUMASS 

hundreds  of  equations  have  been  devised  for 
calculating  biomass  yield,  Parde  (1980)  notes 
that  137  new  equations  were  added  in  1979  to  a 
list  first  issued  in  1967;  nearlv  all  of  these 
appeared  after  1977. 

Pillsbury  and  Kirkley  (these  Proceedings) 
summarize  sources  of  information  about  hardwood 
biomass  inventories  in  California.   An  interesting 
note  is  that  the  first  hardwood  inventory  for 
California  was  published  as  recently  as  1950,  bv 
the  Forest  Service,   The  others  recognized  by 
Pillsbury  and  Kirkley  are  from  either  Humboldt 
State  University  or  California  Polvtechnic  State 
University  San  Luis  Obispo.   In  the  past,  lack  of 
interest  by  other  organizations  was  due  to  low 
demand  for  the  resource  and  to  the  difficulty  of 
obtaining  precise  inventory  data.   however,  the 
level  of  interest  is  increasing  and  new  techniques 
for  inventorying  hardwood  are  being  developed  . 
Good  estimates  are  needed  to  clarifv  site-specific 
interrelationships . 

Pillsbury  and  kirkley  recognize  that  the  pres- 
ent neeo  is  to  provide  relatively  gross  inventory 
maps  based  on  LAt^USAT  and  U-2  remote  sensing 
imagery.   A  cited  paper  (Griffin  and  Crltchflela 
1972)  gives  the  range  of  hardwoods  in  California 
and  urges  completion  of  the  inventorv  in  tliese 
regions.   Pillsbury  and  kirkley  also  liighlight  the 
neea  to  develop  volume  tables  for  each  of  the 
important  species,   Thev  stress  tliat  stanu  r.ianage- 
ivient  in  Calitornia  liardwoods  runs  the  gamut  from 
rei.ioving  the  hardwood  to  ueveloping  alternative 
land  uses  to  directlv  managing  for  the  liardwood 
resource  value. 
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Inventories  of  biomass  and  suitabilitv  of  si:s 
for  harvesting  have  not  been  made  for  most  of  t 
noncommercial  forests  and  shrub  lands  in  the  Uni 
States.  Without  these  data,  the  validity  of 
proposals  to  harvest  biomass  are  difficult  or 
impossible  to  assess.  Methods  presently  availa 
limit  where  and  how  much  biomass  can  be  harvest 
because  of  yield,  land  surface  features,  and 
continuitv  of  harvestable  area.  Margaris  (thes 
Proceedings)  estimates  that  there  is  an  average 
60  t/ha  of  standing  biomass  in  the  readilv  har- 
vestable area  of  Greek  maquis.  Toland  (these 
Proceedings)  estimates  a  range  of  22  to  78  t/ha 
selected  chaparral  areas  in  California.  An  imm 
diate  problem  is  definition  of  a  set  of  site 
conditions  that  specify  present  and  near-future 
limits  to  harvesting.  Inventories  of  biomass  a 
site  conditions  should  be  made  to  standards  tha 
would  provide  the  required  information. 


Much  of  the  Mediterranean-tvpe  area  is  not 
sufficiently  enticing  to  energv  marketers  to  ca 
an  insistent  demand  for  areas  to  harvest,   Fard 
(1980)  gives  one  set  of  data  showing  abovegroun 
productivity  ranging  from  6.5  to  15.5  t/ha/vr  a 
another  set  showing  annual  increments  of  1.2  to 
7.4  t/ha/yr.   Biomass  accumulation  in  Californi 
chaparral  is  reported  from  several  sources  by 
Riggan  and  Dunn  (these  Proceedings).   Thev  show 
values  ranging  from  0.5  to  4  t/ha/vr.   Schlesin 
and  Gill  (1980)  found  that  Bigpod  ceanothus 
(Ceanothus  megacarpus  Nutt.)  stands  at  5,  12,  a 
21  years  produced  3.3  t/ha/yr  average  accumulat 
of  standing  living  and  dead  biomass.   Living 
biomass  growth  in  12-  and  21-year-old  stands  wa 
2,7  and  2.3  t/ha/yr,  respectively  (Schlesinger 
Gill  1980,  table  1).   Certainlv,  these  data  for 
biomass  accumulation  are  not  comparable  with  th 
reported  for  coast  redwood  (Sequoia  semperviren 
[D.  Don]  Endl.)  at  8.8  t/ha/vr  at  age  260  vears 
a  Douglas-fir  (Pseudotsuga  menziesii  [Mirb,] 
Franco.)  stand  that  produced  4.27  t/ha/vr  at  ag 
375  vears  (Fujimori,  in  Parde  1980). 

Usable  biomass  appears  to  be  visualized  as 
different  amounts  bv  various  workers.   Riggan  a 
Dunn  do  not  suggest  a  rule,  but  caution  against 
removing  foliage  and  fine  stem  material  which 
contains  the  highest  concentrations  of  nutrient 
The  biomass  reported  in  their  tables  is  whole 
stand  plant  material,  however.   Rockwood  and 
others  (1980)  take  a  different  view — branch  and 
foliage  biomass  is  "potential Iv  unusable  biomas 
If  data  are  to  be  of  greatest  value,  criteria 
should  be  developed  that  will  provide  some  staa 
dard  breakdown  of  foliage,  twigs,  branches,  and 
stems . 


UTILIZATION  TECHNOLOGY 

Adequate  technologv  for  using  biomass  is  misi 
ing  but  the  papers  bv  Toland  and  bv  Riggan  and 
l;unn  show  development  is  occurring.  Technology 
development  in  these  low-i)roducing  ecosvstems  ii 
slow  because  biomass  is  diffuse.  Arguments  sucl 
as  those  bv  Riggan  and  Dunn,  which  show  How  ext< 
sive  an  area  of  harvesting  would  need  to  be  in 


ir  to   supply  a   small   city   of    70,000  people, 
;ainly   seem  valid.      Except    for   certain   very 
;h  yield   sites,    economic   consideration  appears 
be  an  overriding   problem.      This  may,    on   the 
ler  hand,   be   a  shortsighted   viewpoint.      For 
|nnple,    the  work  of   Miles    (cited  by   kiggan  and 
|in)   suggests   technology   is   capable   of    being 
)roved   beyond    the   clumsy   plant   cutters,    tub 
|Lnders,    and   high-pressure   pelletizers    that 
and   mentions    in  his   paper.      It   is   reasonable   to 
3ume   that   if   the   existence  of   a   significant 
lewable   resource   is   demonstrated,    technology 
1  be   developed    to   obtain  and   process   that 
^ource.      Pimentel   and   others    (1981)    analyzed    the 
ential    for  using   residues   following   harvesting 
c  crops   and    forests;    they   conclude   that    A   percent 
c  the  electrical   energy  now  used    in   the   United 
,fiites   could    be   supplied    from   processing   22   per- 
jit  of    the  harvest    residues   for   energv, 

f 

The  energy  shortage  is  expected  to  get  worse. 

B'ele  (1980)  suggests  that  per  capita  energy 
0 1  liable  by  the  year  2030  may  be  1  kW  per  year 
cipared  with  2  kW  per  year  in  1980.   He  cites 
;6iidies  indicating  that  such  a  scenario  is  likely 
em   if  energy  resources  increase  above  present 
l/els.   Population  increases  alone  will  cut 
e^rgy  supply  in  half. 

fciomass,  especially  on  the  most  productive 
s  es,  contains  considerable  energy.   Where  above- 
,g)und  biomass  is  50  t/ha,  Riggan  and  Dunn  calcu- 
1  e  a  gross  energy  equivalent  of  182  barrels  of 
0  .   Chaparral  harvesting  is  therefore  being 
aively  considered.   Kiggan  and  Dunn  note  that  a 
li-versity  of  California  engineering  feasibility 
Sidy  reported  by  Riley  and  others   concludes  that 
h^vesting  and  processing  costs  are  prohibitive. 
li  current  technology  referenced  by  the  Univer- 
's  y  of  California  study  is  rapidly  changing, 
h;ever.   When  only  17  percent  of  the  gross  energy 
(.ley  and  others)   is  consumed  in  harvesting  and 
i.tial  processing,  there  is  good  reason  to 
b  ieve  that  a  way  will  be  found  to  extract  the 
riaining  energy.   Riggan  and  Dunn  report  that  one 
Siithern  California  National  Forest  Ranger  Dis- 
t.ct  receives  about  3000  firewood  requests  each 
yir,  but  only  a  small  part  of  this  number  are 
ginted.   These  authors  conclude  that  the  ongoing 
6  ort  to  find  ways  to  harvest  chaparral  and 
aiociated  woodlands  makes  it  imperative  that  we 
kjw  what  the  environmental  implications  will  be. 

^largarls  confronted  the  problem  of  energv 
h-vestlng  in  Greece  by  suggesting  a  rotational 
t'e  of  harvest.   Energy  in  Greece  is  an  even  more 
■iiediate  and  serious  problem.   Margaris  reported 
t  t  gasoline  sells  for  $0.85  (U.S.)  per  liter. 
'Is  compares  to  $0.40  or  less  per  liter  of  un- 
lided  gasoline  in  most  of  southern  California, 
^'■garis  suggests  that  maquis  can  be  harvested  on 
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disification  of  chaparral  for  fuel.  1980.  Un- 
P  lished  draft. 


a  sustained-yield  basis  once  each  10  vears.   The 
area  suggested  for  harvesting  is  sufficiently 
level  to  allow  for  harvesting  bv  current  equipment 
and  technology.   On  such  a  continuing  basis,  yield 
of  maquis  would  be  80  percent  of  maximum.   Medi- 
terranean-type ecosystems  cover  about  40  percent 
of  Greece  and  maquis  dominates  about  one-half  of 
these  ecosystems.   Maquis  accounts  for  about  80 
percent  of  the  aboveground  plant  biomass  in  the 
Greek  Mediterranean-type  ecosystems.   Maquis  areas 
found  on  "level  ground"  make  up  about  10  percent 
of  the  land  surface  area  of  Greece.   Margaris 
estimates  that  harvesting  this  amount  of  land 
would  yield  biomass  containing  energv  equal  to 
about  40  percent  of  the  current  Greek  oil  imports. 

Toland  discusses  the  problem  of  energv  harvest- 
ing in  a  general  wav,  stating  first  that  the 
Forest  Service  has  established  a  national  goal  of 
providing  6.4  quads  (1.6  x  10   kcal  or  6.4  x  10 
Btu)  per  year  from  woody  biomass  by  1990.   The 
biomass  contribution  of  the  Pacific  Southwest 
Region  is  from  an  estimated  23  million  t/vr  or 
about  0.4  quads  of  energy. 

Toland  recognizes  that  current  economic  effi- 
ciency is  unfavorable  for  developing  wood  biomass 
energy,  but  sees  that  picture  as  changing.   Sig- 
nificant Improvements  in  technologv  is  likely  to 
make  use  of  wood  biomass  an  attractive  alterna- 
tive.  At  present,  potentiallv  commercial  harvest 
from  sources  such  as  chaparral  could  be  subsidized 
to  reduce  costs  of  fire  and  postfire  erosion. 
Lack  of  adequate  technologv  for  biomass  removal  is 
probably  the  major  deterrent  to  harvesting,  but 
even  with  present  technologv,  biomass  removal  for 
energv  from  highlv  productive  areas  is  occurring. 

Toland  also  discusses  various  means  of  harvest- 
ing and  processing.   Each  seems  to  need  major 
improvements  if  the  shrub  biomass  is  to  be  accom- 
modated .   Use  of  forest  slash  appears  to  be 
already  an  acceptable  practice  where  very  large 
quantities  are  available.   The  most  obvious  use  of 
biomass,  Toland  reports,  is  for  direct  combustion; 
also  noted  are  use  for  updated  techniques  of 
gasification,  to  produce  low  Btu  gas  (1353 
kcal/m  );  use  for  pvrolysis,  to  convert  woodv 
biomass  to  oil,  gas,  and  char;  and  use  as  feed- 
stock, to  produce  chemicals,  including  alcohol. 
More  sophisticated  forms  of  these  processes  are 
being  developed,  but  it  is  unlikely  that  anv  will 
be  used  unless  biomass  produced  Is  the  highest 
available  quantity  and  quality  to  assure  efficient 
processing.   Certainly,  chaparral  and  other  shrub 
types  are  unllkelv  candidates  for  energy  contribu- 
tion at  present . 

Toland  suggests  that  consideration  be  given  to 
converting  chaparral  brushfields  to  product- 
specialized  species  such  as  guayule  (Parthenium 
argenta tum  Gray)  or  jojoba  (Simmondsla  chlnensls 
[Link]  C.  K.  Schneid.).   The  potential  for  these 
product-oriented  species  has  had  little  research 
emphasis.   Species  screening  for  such  speclaltv 
production  Is  not  new,  especlallv  for  forage, 
human  food,  drugs,  and  other  fiber.   Plllsburv  and 
Kirklev  report  continued  Interest  in  developing 
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better   understanding   of    hardwood    site   quality 
relationships.      They   also    suggest   a   plantation 
approach    to    fast-growing,    fiber-producing    trees   as 
alternatives   or    in   addition   to   native   hardwoods. 

In    their   paper,    Felker   and    others    (these    Pro- 
ceedings)   effectively    illustrate   the    problems    of 
selecting   and    testing   highlv  productive    species. 
hesquite    (Prosopis   spp.)    is   an  excellent    plant 
from  which    to   make   genetic   selections    for   high 
fiber   production  and    for   other   specialty    products, 
bpecies   of   mesquite   are   found    in   hot   climates, 
commonly   associated    with   desert   areas,    but    do 
require   substantial    amounts   of    water    to   be    produc- 
tive.     Felker  and    others    also   report    that   mesquite 
species    tested    were   hosts   of    nitrogen-fixing 
nodules.      These   nodules    were   most   effective   below 
2,7   m   in   a   phreatophyte   greenhouse    test.      In    this 
experiment,    water   entered    the    rooting    zone    from 
below   the   3.05-m   soil    column   as    it   would    in   a 
aesert   streambed.      Another    interesting   and    poten- 
tially very   useful    trait   is   the   ability   of   several 
mesquite   species    to    tolerate   high   salinity    levels. 
These   plants   even   grew   slightly  wliere   salinity   was 
comparable   with   seawater,      Une    test    showed    growth 
at    36,000  mg   l>iaCl    per    liter   of    water. 


I>iPACT    OF    blOMASS   RfcMOVAL 

Although,    in  Greece,    according    to  Margaris,    and 
possibly    in   some    of    the   other  Mediterranean-type 
ecosystem   areas,    the    impact    of    biomass    removal    is 
slight,    in  California    it   could   have   serious   nega- 
tive  effects.      Probably  more  concern   is  properly 
placea   on  ecosvstem   stability    following   harvesting 
in   southern  California.      Stark's    (19S0)    work    shows 
the    potential    for   serious    nutrient    loss   associated 
with   biomass    removal.      her   studies   were    in 
Montana,    where   she   worked    with    the   nutrient    budget 
in   a   bouglas-f ir    (Pseudotsuga   menziesii) /blueberry 
(Vaccinium  caespitosum  Michx.)    habitat    type.      From 
measurements   of    nutrient   movement    out    of    the    root 
zone   and    also,    apparentlv,    on   effects    of    removal 
of    nutrients    from    the    forest,    she    concludes    that 
biomass    removal    should    be    restricted    to    large 
stems   and   branches,    ana    that    twigs   and    foliage 
should    be    left    on   site.      Stark    brings   attention    to 
the    fact    that   balance   among    nutrients   must   be    a 
major   concern. 

Kiggan   and    bunn    (these    Proceedings)    note    that 
harvesting  may    be   aimed   at   either    permanent    fuel 
modification   or    sustained    yield    in   energv  manage- 
ment  areas.      They    suggest    that    tvpe   conversion   has 
serious    environmental    hazards,    which    could   be 
prohibitive    in    large    parts    of    southern   California 
ecosvsteriis.      both   site    stabilitv   and    productivitv 
could    be    sertouslv    affected.       Comments    from   both 
Felker   and    ottiers    and   Tolanu    seem    to   suggest    that 
alternative   species    of    wooay   plants   may    be    desir- 
able   to   a   chaparral    ecosystem   ana    provide    products 
tliat    satisfv    some   highlv    specialized    iuiiaan   needs. 
On    the    other    liana,    Tolana ,    ana    Kiggan   and    bunn, 
caution    that    tvpe    conversion    aggravates    the    prob- 
lems  ot    erosion   anu    related    massivelv  aestructive 
flooain^;    fron   denudec    steep    watersheds    in    some 


areas  of  Mediterranean-tvpe  climates.  Tvpe  coa 
version  as  a  way  of  producing  significant  harves 
able  biomass  for  energv  seems  to  offer  minimal 
opportunity  even  if  species  of  verv  rapid  growtl 
are  used.  Adequate  production  would  be  possible 
on  few  sites  and  even  these  would  probablv  requ' 
supplemental  water.  Other  uses  of  such  land  am 
water  resources  would  probably  be  of  higher  pric 
ity. 
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The   alternative   approach    to    the  Mediterraneai 
type    climate   ecosystems    for   energv    biomass,    suS' 
tained-yield   management,    presents   some   problems 
that   must    be   seriously   considered.      Riggan  and 
Dunn  discuss   the  opportunities  and   damages   rela 
to   reduced   fire  hazard,    plant   community  compost 
tion   changes,    and   nutrient    loss.      Nutrient    remoi 
may    become    severe    if    the   entire    aboveground    bio 
mass    is    removed.      Fire   hazard   mav   be    worsened   b 
either   the  harvesting  operation   itself   or   the 
encouragement   of    species    that    produce  more   high 
flammable   debris.      Riggan   and    Dunn   chart    the    11 
history   of    southern  California  chaparral   and 
identify   species   significant    in  stand   developme' 
^ianv  of    these   species   can  support   symbiotic   nit. 
gen   fixation,    and    their    persistence   mav    be    essei 
tial    to  site  and   stand   stability.      Loss   of    robuii 
and    tall    species    of    Ceanot hus    or    Quercus    is    lik'^    ' 
to   encourage    establishment    of    species    that   matu 
more    rapidlv,    produce   more    flammable    fine    fuel,' 
and    have   more   shallow    root    svs terns.      Riggan   and, 
Dunn    identifv   black   sage    (Salvia   mellifera  ' 

Greene.)    and    buckwheat    (Eriogonum    fasciculatum 
benth.)    as    two    such    less    desirable   species.  ' 
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CONCLUSIONS 


I 


Lach  author  represented  in  the  session  has  a 
individual  emphasis  on  what  constitutes  Mediter 
nean-tvpe  ecosvstems;  most  seem  to  feel  the  eco- 
svstems  are  dominated  bv  shrublands.  I  do  not 
agree  with  that  conclusion.  Ecosvstems  found  ij 
Mediterranean  climates  Include  some  conifer  com|' 
nlties,  as  well  as  hardwood  forests  and  shrub-  ' 
lands.  The  climate  is  characterized  bv  wet  win' 
ters  with  an  upper  bound  of  at  least  900  mm  of  \ 
rain  and  bv  rainless  summers.  The  coldest  monti 
is   between   -3°   C   and    18°    C. 


The    range    defined    bv    the    above    climate   condi 
tions    includes   marginallv  desert    climate   but    stij'i 
short    of    the    summer    rainfall    areas.      Ulien    vield|.i 
below   60    to    75    t/ha,    harvesting    technologv    for 
biomass    use   must    be   more    efficient    than    that    no 
available.      Apparentlv,    there    is  more   opportuni 
to    use    low-vield   areas    in   Greece   and    other    deve 
oping   countries    than    in   California.      At    least 
three   criteria    for    evaluation   seem   appropriate 
The    first    is   energv   efflclencv,    and    asks    liow  rau 
energv    is    used    to   obtain    tho   energv    in    biomass. 
If    17   percent    of    the    residual    energv    in   biomass 
used    to   harvest    and    process    it    into    fuel    (Riley 
and    others    ),    how   efficient    must    the    remaining 
processes    be?      If    tt.e   answer    is    a    value   compara 
to    that    for   equal Iv  availabb'    resources,    the   ne 
questions    are    environmental    and    econonlc. 
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From    the   papers    in   this  session,    it   is   clear 
lat   we   do   not    know  how  efficient   biomass    process- 
ig  must    be,    how   the    return   on  dollars    invested 
in   be    made    adequate,    or   how   acceptable    the   envi- 
)nraental    impact    can   be   maae.      biomass   quantities 
iQ    quality   are   unknown.       Lven    for   high-vield 
)nifer    timber   areas,    we   do   not    know    total    bio- 
^ss. 

[I   The  Old  World   countries   in   the   European  Medi- 
[rranean  have    long  demonstrated    the   results   of 
[iwise   biomass   utilization.      TTie   papers   presented 
Idicate    that    we    ao   not    understand   any    of    the 
osys terns   well    enough    to   make    reasonable    prea ic- 
ons  about    the    effects    of    mechanically    removing 
e   entire   vegetation   biomass   of    the   ecosvstem. 
have    reasonably    good   understanding    of    the 
fects   of    removing   vegetation   by    fire,    and    some 
owledge    of    the    impact    of    vegetation    type   conver- 
on.      If   mechanical    removal    of   vegetation   is 
peated   often  enough,    then   research  and   experi- 
ce  with    type    conversion  may    apply,    but    no 
search    is    known   on   mechanical    removal    in    the    20- 

4b— year    rotation   suitable    for   a   harvesting 
ogram. 
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lall  Mammals,  Habitat  Components,  and 
e  in  Southeastern  Australia^ 


C.  Catling,  A.  E.  Newsome,  and  G.  Dudzinski" 


Abstract:   In  Australia,  eucalypt  forests  are  the 
major  vegetation  form.   They  are  highly  fire- 
prone,  but  also  the  major  repository  of  the 
vertebrate  fauna.   Recent  studies  have 
demonstrated  that  the  fauna,  like  the  flora, may 
be  adapted  to  fire.   Simple  divisions  of 
environments  into  habitats  satisfactorily 
predicted  the  abundance  and  diversity  of  small 
mammals.   The  habitat  preferences  of  four  species 
of  small  mammal  were  examined  in  relation  to 
various  components  of  the  habitat  using  principal 
component  analysis.   The  environmental  components 
scored  were  the  abundance  of  litter,  brush  and 
boulders,  of  ground  vegetation,  and  of  shrubs, 
and  of  trees  and  their  canopies.   The  patterns 
which  emerged  are  examined  for  projected  effects 
of  fires  of  high  or  low  intensity  upon  the 
habitat  components  and  hence  upon  the  small 
mammal  fauna. 


Although  the  study  of  the  effects  of  fire  on 
Australian  vertebrate  fauna  is  still  at  an 
ly  stage,  sufficient  data  exist  for  general 
lutionary  concepts  to  have  emerged  (Kikkawa 
others  1979,  Dwyer  and  others  1979,  Catling 
Newsome  1981).   Kikkawa  and  others  (1979) 
eluded  that  specialization  for  heathland 
ing  must  have  arisen  many  tines  and  with 
fering  chronologies  for  the  different  major 
tebrate  taxa .   As  heathlands  contracted  over 
lutionary  time,  widespread  extinction  of  some 
BS  is  envisaged  with  radiation  away  from 
thlands  for  some  groups.   Significant 

I'ptations  of  the  vertebrate  fauna  to  fire,  as 
the  flora,  have  also  been  examined  (Catling 
Newsome  1981)  with  eight  a  priori 
ipositlons  being  erected; 

Archaic  forms  would  survive  in  the  least 

fire-prone  habitats; 

Species  diversity  overall  would  be  low; 

There  would  be  fire  specialists; 

The  serai  response  would  be  truncated; 

Species  diversity  would  be  highest  in 

the  least  fire-prone  habitats; 

Reproductive  patterns  would  be  modified; 

There  would  be  a  prevalence  of  ecological 

generalists; 

There  would  be  few  forms  in  the  lowest 

strata  of  vegetation. 

Supportive  evidence  was  found  for  all  of  them 
pt  Proposition  5.   It  was  the  wet  sclerophyll 
St  (Eucalyptus  dominated)  which  held  the 
est  diversity  of  nannals  and  birds  and  not 


Presented  ac  the  Symposium  on  Dynamics  and 
I  semen t  of  Mediterranean-type  Ecosystems:  An 
jrnational  Symposium,  June  22-26,  1981,  San 
jo,  California. 


the  rainforest  ( non-Eucalyptus )  as  at  first 
thought.   Eucalypt  forests  provide  the  habitats 
for  the  great  majority  of  birds  and  mammals 
(Tyndale-Biscoe  and  Calaby  1975).   One  pre- 
eminent feature  of  the  Australian  Eucalypt  forest 
is  the  frequency  of  intense  wildfire.   South- 
eastern Australia  has  a  summer  fire  season  which 
can  be  very  severe  and  major  fires  can  be 
expected  every  3-10  years  or  so  (Cheney  1979, 
Walker  1979)  (fig.  1.).   Managers  in  Forest 
Departments  and  National  Parks   utilize  "cool 
control"  fires  to  reduce  the  chance  of  those 
fierce  uncontrollable  wildfires.   Yet  it  seems 
that  the  eucalypts  themselves  ensure  such  fires 
with  their  oils  (Mutch  1970). 
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"Division  of  Wildlife  Hesearch,  CSTHO, 
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Fli^ure  1 — Fire  frerjuency  (range  in  years)  for  the 
fire  season  regions  (range  in  months)  in 
Australia.   Area  below  dotted  line  is  summer  fire 
season  only  (after  Walker  1079). 


I  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
iment  Station,  Forest  Service,  U.S.  Department  of  Agricuhure;  1982 
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Models  of  successional  vegetative  responses 
exist  in  Australia  (Specht  and  others  1958, 
Jackson  1968,  Noble  and  Slatyer  1981),  although 
little  is  known  similarly  for  the  fauna. 
However,  some  general  points  can  be  made  from  the 
study  of  the  vegetative  changes  in  a  heathland  in 
a  mediterranean  climate  burnt  at  various  times 
over  25  years  and  50  years  prior  to  the  study 
(Specht  and  others  1958).   Four  groups  of  plants 
burgeoned  sequentially;   The  grasses  and  forbs, 
the  understorey,  the  undershrubs  and  the  trees 
( Banks ia  ornata).   If  burnt  every  5  years  then 
only  the  grass  and  herb  layer  would  remain, so 
that  we  could  expect  animals  utilizing  that 
habitat  to  be  present.   If  burnt  every  10-15 
years  we  would  expect  fauna  that  frequent  heathy 
shrubs  to  be  present.   Animals  exploiting  the 
tree  layer  would  do  best  if  fire  was  avoided  for 
20-30  years,  unless  they  nest  in  holes,  when  only 
old  senescent  trees  might  suffice. 

In  Australian  forests  the  small  mammal  fauna 
is  never  as  diverse  or  abundant  as  in  North 
America.   Moreover,  they  never  irrupt  like  their 
North  American  counterparts,  nor  their  Australian 
desert  counterparts  (Carstairs  1974,  Newsome  and 
Corbett  1975).   Some  species  of  small  mammal  have 
specific  habitat  requirements  and  so  are  limited 
in  their  distribution  (Keith  and  Calaby  1968, 
Posamentier  1976,  Cockburn  1978,  Braithwaite  and 
Gullan  1978,   Barnett  and  others  1978,  Newsome 
and  Catling  1979,  Fox,  in  press).   Other  studies 
have  been  more  general  and  the  association 
between  small  mammals  and  the  vegetation  has 
often  been  described  in  relation  to  broad 
vegetation  types  (Golley  1962,  Tyndale-Biscoe  and 
Calaby  1975).   For  example,  dry  sclerophyll 
forest  includes  both  forest  with  a  thick  heathy 
understorey  and  one  with  a  grass  and  herb 
understorey  with  few  shrubs.   Newsome  and  Catling 
(1979)  concluded  that  the  simple  grouping  of 
environments  into  "habitats"  was  more 
satisfactory  in  predicting  small  mammal  species 
abundance  and  diversity  than  broad  structural 
formations.   The  reason  was  that  other  components 
of  the  environment  such  as  litter  and  brush, 
creeks,  swamps,  boulders,  shrubs  etc.  were 
considered  part  of  the  habitat. 

The  paper  is  based  on  data  collected  for 
seven  years  following  the  severe  wildfire  which 
swept  through  Nadgee  Nature  Reserve  in  south- 
eastern Australia  in  December  1972  (fig.  1). 
From  this  study,  patterns  of  population  responses 
have  been  documented  (Newsome  and  others  1975, 
Catling  and  Newsome  1981),  habitat  preferences 
and  particular  components  of  those  habitats 
identified  (Newsome  and  Catling  1979)  and  models 
erected  of  possible  responses  to  changes  in 
supplies  of  food  and  shelter  and  in  numbers  of 
predators  (Newsome  and  Catling,  in  press).   This 
paper  examines  the  effects  of  individual  habitat 
components  on  four  small  mammal  species  in  south- 
eastern Australia  and  the  projected  effect  of 
fire  on  those  components,  and  hence  on  the  small 
mammals.   The  predictions  are  also  examined 
relative  to  known  responses. 
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MATERIALS  AND  METHODS 


(a)   Trapping  Grids 


[irii 
srti 
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In  April    1972   five   trapping   grids   were 
established    in  different   habitats   in  Nadgee 
Nature  Reserve   as   part   of   the   study  of    the  diet 
of   dingoes    (Newsome   and   Catling   unpublished). 
The    five   habitats   were   lowland    and   upland    open 
sclerophyll    forest,   closed    scrub,   closed   and   opeKini 
graminoid   heathland.      Twenty   traps  were  set   on 
each  grid    in   two   parallel    lines    10  metres 
apart.      There  were    10   traps   per   line   set   7   metre|jW 
apart.      Each   trap  was   set   in   the   same  location 
for   three  consecutive  nights  every   three 
months.      The    traps   were   baited   with   peanut   butte 
and    rolled    oats,    cleared    in   the  morning   and 
reset.      In   1979   when   small  mammal    populations 
were  at   their   highest    (P.    Catling   and   A.    Newsome 
unpubl.    fig.    2)    vegetational   data   (see  below) 
were   collected   around    each   trap   site   in   the   grid 
and   related    to   the  captures   of   each   species   of 
small  mammal    there   for   1978  and    1979. 
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Figure  2 — Peak  biomass  (kg/ha)  per  year  after 
fire.   The  end  points  represent  values 
immediately  before  the  fire  transposed  to  time 
since  previous  fires  (from  Catling  and  Newsome 
1981). 

A.  Wet  habitats  -  closed  scrub  and 

closed  graminoid  heath. 

B.  Open   sclerophyll    forest. 
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I)  The  Animals 


The  small 
l^isyurid  mars 
i gar til  Macl 
iTtechlnus  s 


mammals  studied  were  the  two  small 
upials,  Brown  Antechinus  ( Antechlnus 
eay)  (20-40  g)  and  Dusky  Antechinus 
wainsonii  ( Waterhouse))  (40-120  g) , 


;i  two  nativ 
(iterhouse)) 
]:reolus  (Gr 
}jse  mouse  ( 
tapped,  but 
i-  inclusion 
iivLghed,  toe- 
A)logical  da 
::e. 


e  rodents,  Bush  rat  (Rattus  fuscipes 

(90-180  g)  and  Swamp  rat  (RattuT 
ay))  (90-180  g) .   The  introduced 
Mus  musculus  Linnaeus)  was  also 
numbers  were  too  low  in  1978/1979 

in  the  analysis.   The  animals  were 
clipped,  and  released.   Other 
ta  were  obtained  but  are  not  used 


I  Habitat  Components 

2 
}6  m  area  around  each  trap  site  was  visually 

fe:imated  for  ground  vegetation  cover  (pet); 

cer  of  litter,  brush,  logs  and  rocks  (pet); 

te  cover  (pet)  and  shrub  cover  (pet).   The  tree 

h  ght  (m)  directly  above  the  trap  site  was 

B  sured  with  an  inclinometer  and  the  sedge  and 

giss  height  (cm)  and  shrub  height  (cm)  were 

m sured  at  four  points  (the  major  points  of  the 

C:pass)  1.5  metres  from  the  trap  site  and  then 

8  raged. 

(  Analysis 


The  grids  were  divided  into  treed  and 
eless  groups.   No  animals  were  trapped  on  the 
n  graminoid  heathland ,  so  it  was  not  included 
the  analysis  (see  below  for  further  comment). 

'  The  dependent  variables  Y,  ....Y,  were 
Eitures  of  Y.  -  Antechinus  stuartii,  Y  - 
fcechinus  swainsonii,  Y.  -  Rattus  fuscipes,  Y,  - 
fctus  lutreolus.   These  were  examined  relative 
tithe  Independent  variables  X,....X^,  X,  - 
Jiund  vegetation  height  (cm),  X  -  shrub  height 
[<■) ,   X^  -  tree  height  (n) ,  X,  -  cover  of  litter, 
)ish,  rocks  and  logs  (pet),  X  -  ground 
notation  cover  (pet),  X,  -  shrub  cover  (pet), 
^- -  tree  cover  (pet).   Though  captures  on 
liirats  within  any  grid  may  not  be  independent, 
«lecided  to  investigate  the  data  assuming  no 
>l3,  seeking  insights  into  the  effects  of 
liferent  habitat  components  upon  the  catch.   To 
W  the  interpretation  of  the  relationship 
Krfeen  the  catch  (Y   ....  Y.)  to  the 
(Tjrcorrelated  environmental  measurements  (X, 
t"  X^ ) ,  the  X^  . . . .  X^  measurements  were 
pisfomed  by  Principal  Component  Analysis  into 

logonal  (uncorrelated)  variables  (Z   .... 
For  detailed  description  of  the  use  of 

icipal  Component  .\nalysis  in  multiple 

ession  see  Dudzinski  (1975). 


ILTS 

Captures 

'The  five  habitats  were  trapped  8  tines 
»  rating  a  total  of  2,400  trap  nights.   Total 


captures  for  each  species  were  A.  stuartii  (112), 
A.  swainsonii  (44),  R.  fuscipes  (184)  and  R. 
lutreolus  (168). 

(b)   Correlation  of  Vegetation  Components 

The  correlation  between  the  vegetation 
components  are  presented  in  Table  1.   In  general, 
in  the  treeless  sites  the  higher  the  shrubs  and 
the  cover  of  litter  etc.  the  lower  the  cover  and 
height  of  the  ground  vegetation.   In  the  treed 
sites  the  higher  the  trees  and  shrubs  the  lower 
the  ground  vegetation  height  and  cover  and  cover 
of  shrubs. 

Table  1 — Correlation  between  the  original  habitat 
variables. 

(1)   Treed  sites 


XI 

X2 

1   X3  1 

X4  1 

X5 

X6 

X2 

.11 

X3 

-.41 

-.01 

X4 

.31 

.10 

.31 

X5 

.47 

.17 

-.71 

-.06 

X6 

.40 

-.40 

-.19 

.18 

.61 

X7 

-.22 

-.08 

.37 

.15 

-.27 

-.19 

(11)   Treeless  sites 


XI 

X2 

1   X4  1 

X5 

X2 

-.43 

X4 

-.62 

.71 

X5 

.86 

-.48 

-.71 

X6 

.25 

.08 

-.03 

.19 

Values  >  0.31  are  significant  at  .05. 

(c)   Principal  Component  Analysis 

The  Principal  Component  loadings  for  each 
habitat  variable  and  the  percent  of  the  overall 
variation  accounted  for  by  each  component  are 
presented  in  Table  2. 


Table  2 — Solution  of  Principal  Component 
Analysis . 

(i)  Treed  sites. 

Components 


7A 

7.2 

Z3 

Z4 

Z5 

Z6 

Z7 

37.5* 

20.5 

18.3 

10.0 

6.7 

5.1 

1.7 

XI 

-.43+ 

-.31 

.13 

.54 

.15 

.62 

.08 

X2 

-.13 

-.25 

-.74 

-.10 

.56 

-.13 

.17 

X3 

.47 

-.39 

-.07 

-.29 

-.29 

.39 

.54 

X4 

.01 

-.75 

.12 

.25 

-.22 

-.55 

-.11 

X5 

-.54 

.11 

.29 

-.18 

-.01 

-.31 

.70 

X6 

-.42 

-.31 

.10 

-.71 

-.05 

.21 

-.41 

X7 

.34 

-.14 

.57 

-.  12 

.73 

-.03 

.02 
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(il)  Treeless  sites. 


Components 


Zl 

Z2 

Z3 

Z4 

Z5 

58.7* 

22.5 

11.3 

5.0 

2.5 

XI 

.51+ 

.22 

-.43 

-.37 

.61 

X2 

-.43 

.41 

-.60 

.53 

.11 

X4 

-.51 

.20 

-.21 

-.76 

-.26 

X5 

.53 

.14 

-.38 

.04 

-.74 

X6 

.10 

.85 

.51 

.02 

-.03 

+  Values  <  .29  are  assumed  not  to  contribute 

significantly  to  the  interpretation  of  the  Z 

variable. 

*  Percent  variability  accounted  for. 


(d)   Interpretation  of  Principal  Components 

The  components  in  Table  2  are  interpreted  in 
terms  of  the  interrelationships  of  the  vegetation 
as  follows : 

(i)  Treed  sites  -  upland  and  lowland  open  forest. 

Zl   Height  and  cover  of  ground  vegetation  plus 

shrub  cover  contrasts  with  height  and  cover 

of  trees. 
Z2   Abundance  of  litter  etc.,  and  shrubs  and 

height  of  trees  and  ground  vegetation. 
Z3   Shrub  height  contrasts  with  tree  cover. 
Z4   Shrub  cover  and  tree  height  contrasts  with 

height  of  ground  vegetation. 
Z5  Tree  cover  and  shrub  height  contrasts  with 

tree  height  and  litter. 
Z6  Height  of  trees  and  ground  vegetation 

contrasts  with  cover  of  litter  etc.  and 

height  of  ground  vegetation. 
Z7  Cover  of  ground  vegetation  and  tree  height 

contrasts  with  shrub  cover. 

(ii)   Treeless  sites  -  closed  scrub,  open  and 
closed  graminoid  heath. 


Zl 


Z2 
Z3 


Z4 
Z5 


Cover  and  height  of  ground  vegetation 

contrasts  with  shrub  height  and  litter  and 

brush  cover. 

Shrub  cover  and  height. 

Shrub  cover  contrasts  with  shrub  and  ground 

vegetation  height  and  ground  vegetation 

cover. 

Ground  vegetation  height  and  cover  of  litter 

etc.  contrasts  with  shrub  height. 

Ground  vegetation  cover  contrasts  with  height 

of  ground  vegetation. 


(e)   Regression  of  Catch  on  Habitat  Component! 

The  following  equations  resulted  from 
regressions  of  captures  on  significant 
components :- 


(i)   Treed  sites 


Antechinus  stuartii 


Yj,  =  2.15  +  0.92  Z^  +  1.48  Z^  +  0.36  Z^ 
(P  <  0.001;  percent  variance  accounted 
14.8,  Z-,  9.5,  Z^   6.8;   Total  =  31  1) 

Antechinus  swainsonii 


for 


1.07  -  0.59  Z 


(P  <  0.001;   percent  variance  accounted  for:  Z, 
34.8;   Total  =  34.8) 


Rattus  fuscipes 
Yo  =  1.95  -  0.71  Z 


?< 


2  -  0.61  Zj 


ii 


(P  <  0.02;   percent  variance  accounted  for:  Z« 
10.5,  Z3  6.7;   Total  =  17.2) 

Rattus  lutreolus 

Y,  =  0.40  -  0.28  Z^  -  0.58  Z^ 

(P  <  0.001;   percent  variance  accounted  for:   Z. 

13.1,  Z^  7.3;   Total  =  20.4) 

(ii)   Treeless  sites 

Antechinus  stuartii 

Y.  -  no  relationship. 

Antechinus  swainsonii 

Y^  -  no  relationship. 

Rattus  fuscipes 

Y^  =  2.65  +  1.32  Z2  +  0.71  Z^  (P  <  0.001; 
percent  variance  accounted  for:  Z  40.8,   Z- 
4.9;   Total  45.7).  " 

Rattus  lutreolus 

Y^  =  3.8  +  1.92  Z2  +  2.41  Z^  +  1.00  Z^  (P  < 
0.001;   percent  variance  accounted  for:  Zj 
37.0,  Z^  5.3,  Z^  4.0;   Total  46.3). 

(f )   Interpretation  of  Regression 


The  interpretations  of  the  above  equations  i  "' 
terms  of  habitat  components  for  each  species  are 
as  follows  (see  Table  2  for  detail); 

(i)   Treed  sites 

Antechinus  stuartii 

The  greater  the  tree  cover  and  height,  shrub 
height, and  ground  vegetation  cover, the  higher 
should  be  the  catch.   The  cover  of  litter,  brush 
and  logs  is  also  contributing  (Z„...6.8%). 
Generally,  the  improvement  of  all  habitat 
components  should  improve  the  catch.   A.  stuarti  "" 
should  be  favoured  by  a  maturing  forest, 

Antechinus  swainsonii 


si 


[iS 


ItlL 


ille 
llfy 


The  better  the  ground  vegetation  cover  and 
height  and  the  shrub  cover,  (i.e.  the  lower 
vegetation  strata) ,  the  better  should  be  the 
catch.   Those  strata  are  suppressed  in  tall 
closed  forest.   A.  swainsonii  should  not  be  as 
successful  as  A.  stuartii  in  maturing  forests, 
but  should  be  favoured  by  low  open  forests  with 
thick,  understorey. 

Rattus  fuscipes 

The  supply  of  litter,  logs,  and  brush  is  a 
major  habitat  component,  but  the  height  of  all 
vegetation  strata  and  shrub  cover  contribute 
importantly.   All  these  items  infer  preference 
for  maturing  stands  of  relatively  open  forest 
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pducing  much  litter.   Like  A.  stiiartii,  Rattus 
f;cipes  should  be  favoured  by  maturing  forests. 

E:tus  lutreolus 

The  shrubs  and  ground  vegetation  are  again 
l)ortant  together  with  the  litter,  logs  and 
bish,  but  the  cover  and  height  of  trees  reduces 
t'.   f avourability  of  habitat.   Forests  should  not 
'Our  these  rats. 

Ill)  Treeless  sites 

:tus  fuscipes 
Shrubs  are  all  important  in  treeless 
h)itats,  both  their  height  and  cover.   The  catch 
smld  be  best  on  older  heaths.   Young  heaths 
Hild  not  have  adequate  shrub  cover  or  height. 

R:tus  lutreolus 

Again  shrub  cover  and  height  are  important, 
b  ground  vegetation  height  is  more  important 
tin  for  Rattus  fuscipes.   The  catch  should  be 
b:t  on  maturing  heaths;  however,  R.  lutreolus 
cild  be  expected  on  young  heaths  providing  the 
and  vegetation  height  was  adequate. 


Our  results  indicate  that  Rattus  lutreolus 
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Before  discussing  the  results  in  general,  one 
ticular  aspect  of  them  is  addressed.   The  low 
ture  rates  in  this  study  highlight  the 
teraent  earlier  that  small  mammal  populations 

characteristically  sparse  in  Australian 
ests.   We  had  followed  population  changes  for 
ears  post-fire,  and  populations  were  maximal 
the  time  of  this  study  (fig.  2). 

The  results  of  this  study  confirm  the 
ortance  of  cover  to  native  small  mammals  as 
nd  in  other  Australian  studies  (Barnett  and 
ers  1978,  Braithwaite  and  others  1978, 
kling  and  Heislers  1978,  Braithwaite  and 
Ian  1978,  Newsome  and  Catling  1979),  and  in 
th  America  (Gunderson  1959,  Cook  1959,  Birney 

others  1976,.  Kirkland  1978,  Quinn  1979).   By 
ntifying  particularly  relevant  habitat 
ponents,  however,  our  study  can  be  extended  to 
diet  the  effect  of  fire  on  small  mammals  due 
changes  in  the  vegetation.   Known  effects  from 

earlier  study  (Newsome  and  others  1975, 
some  and  Catling  1979,  Catling  and  Newsome 
1)  and  other  studies  are  then  compared. 


['•      Rattus  lutreolus  and  Rattus  fuscipes 


R.  fuscipes  is  primarily  a  fo 
Otling  and  Newsome  1981);  howev 
ti  inhabit  older  stands  of  heath 
»'  tall  and  litter  cover  is  good 
»i  others  1978,  Braithwaite  and 
f'  in  press;   this  paper).   R.  1 


rest  species 
er,  it  is  known 
where  the  shrubs 

(Braithwaite 
Gullan  1978; 
utreolus  is  the 


d verse  being  primarily  a  wet  he 
(  althwaite  and  others  1978,  Bra 
3'lan  1978,  this  paper)  and  will 
h'ths  than  R.    fuscipes. 


ath  species 
ithwaite  and 
inhabit  shorter 


might  be  expected  in  all  habitats  as  ground 
vegetation  regenerates  from  fire  in  the  early 
stages  of  vegetation  succession.   R.  fuscipes 
might  be  expected  in  later  stages  as  shrubs 
predominate  and  trees  regain  their  leafy 
canopy.   We  would  expect  few  Rattus  fuscipes 
after  a  fire  on  heathlands,  low-medium  densities 
as  ground  vegetation  increases  and  maximum 
densities  as  shrubs  become  dominant  and  litter 
and  brush  increase. 

In  our  study,  Rattus  lutreolus  quickly 
disappeared  from  all  burnt  areas  (fig.  3)  and 
only  returned  once  the  ground  vegetation 
thickened  (fig.  2).   However,  in  the  first  few 
years  post-fire,  Rattus  lutreolus  was  the  first 
to  invade  the  forest,  and  persisted  -  presumably 
because  of  the  dense,  tall  ground  vegetation 
which  contained  a  high  percentage  of  sedges. 
Braithwaite  and  Gullan  (1978)  found  R.  lutreolus 
preferred  wetter  areas  with  a  good  sedge  cover 
both  for  cover  and  food.   After  the  fire  there 
were  severeal  very  wet  years  which  may  have  aided 
the  invasion  of  R.  lutreolus  into  the  forest. 
Pre-fire,  R.  lutreolus  was  not  caught  at  all  in 
the  forest,  which  had  not  been  burnt  for  about  20 
years  (A.  Fox,  pers .  comm.).   Understorey  shrubs 
were  sparse  and  grasses  dominant.   Moreover, 
Braithwaite  and  others  (1978)  considered  R. 
lutreolus  to  be  a  riparian  species  and  that 
forest  habitat  is  marginal.   The  results  obtained 
here  provide  an  explanation. 


FIRE 


1972 


1973 


1974 


Figure  3 — Detailed  short-term  fluctuations  of 
small  mammals  after  wildfire  (from  Newsome  and 
others  1975). 
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Post-fire  R.  fusclpes  survived  for  a  few 
months  before  disappearing  until  the  ground 
vegetation  began  to  recover  (fig.  3).   Cowley  and 
others  (1969),  Leonard  (1972),  Christensen  and 
Kiraber  (1975),  and  Fox  (in  press)  found  similar 
results.   Christensen  and  Kiraber  (1975) 
attributed  the  disappearance  of  R.  fuscipes  to 
the  lack  of  ground  cover  and  increased 
predation.   In  our  study  in  the  longer  terra  (5-7 
years  post-fire)  R.  fusclpes  reached  levels  well 
above  that  found  pre-fire  (fig.  2).   This 
coincided  with  the  shrub  cover  and  height,  and 
litter  and  brush  cover  reaching  their  raaxima 
particularly  in  the  forest.   Bell  and  Koch  (1980) 
report  that  the  decline  in  plant  diversity  in 
jarrah  forest  in  Western  Australia  after  about  6 
years  was  apparently  due  to  senescing  of 
"fireweed"  species  and  reduction  in  number  of 
smaller  herb  species.   From  our  vegetation 
analysis  shrubs  were  very  important  for  R_j_ 
fuscipes.    It  could  be  postulated  that  as  the 
forests  age  and  shrubs  die  out  R.  fuscipes 
abundance  would  decline  as  indicated  in  fig.  2. 

( b)   Antechinus  stuartii  and  A.  swainsonii 

The  vegetation  analysis  revealed  Antechinus 
would  not  be  expected  on  treeless  habitats.   In 
forests  post-fire,  Antechinus  may  be  expected  to 
survive  where  the  tree  canopy  had  not  been 
severely  damaged  and  in  particular  A.  stuartii, as 
they  are  known  to  be  scansorial  (Wakefield  and 
Warneke  1967).   However,  as  the  important  shrubs 
and  ground  cover  are  removed  by  fire,  Antechinus 
would  not  be  expected  to  persist,  and  recovery 
not  to  begin,  until  the  vegetation  recovered. 

Post-fire,  Antechinus  survived  well,  with  A. 
stuartii  doing  the  better  (fig.  3).   However, 
breeding  appears  to  have  failed  in  the  second 
year  with  numbers  falling  dramatically  to  remain 
low  or  non-existent  for  several  years  (fig.  2). 
The  reasons  are  unknown  as  there  seems  to  have 
been  an  adequate  supply  of  insects  (Fox,  A. 
1978).   Antechinus  are  insectivorous  (Wakefield 
and  Warneke  1963,  1967)  and  appear  to  be 
generalist  and  largely  opportunistic  (Hall 
1980).   Leonard  (1972)  found  that  the  energy 
content  of  the  leaf  litter  fauna  fell  30%  in  the 
year  post-fire,  but  he  felt  that  it  was  unlikely 
that  food  for  mammals  was  limiting.   Similar 
results  were  obtained  by  Campbell  and  Tanton 
(1981).   Predation  is  another  possibility  for  the 
decline  of  Antechinus  (Newsome  and  Catling  in 
press).   Leonard  (1972)  found  that  A.  stuartii 
were  not  affected  where  some  cover  remained  after 
fire.   However,  where  dense  cover  was  eliminated 
there  was  a  significant  decrease  in  the  number  of 
A.  stuartii,  (particularly  females)  although  some 
individuals  were  able  to  persist.   Leonard  (1972) 
and  Newsome  and  Catling  (1979)  found  A. 
swainsonii  mainly  along  gullies  and  creeks  in  dry 
sclerophyll  forest,  which  are  likely  to  survive 
fires  of  low  intensity.   Antechinus  have  been 
much  slower  to  recover  in  the  treeless  habits 
(fig.  2).   This  is  possibly  because  the  heaths 
have  not  reached  maximum  height  and  cover. 
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whereas  the  density  of  shrubs  etc.  has  reached 
its  maximum  in  forest  by  year  6  or  7  post-fire. 

(c)   Other  Species 

Braithwaite  and  others  (1978)  suggest  that 
although  some  species  do  have  special  structural 
requirements,  resource  partitioning  appears  to  be 
primarily  food  orientated.   They  define  five 
basic  food  niches  in  south-eastern  Australian 
heath  and  forest  communities,  but  only  rarely  art 
all  five  occupied.   In  this  study  R.  fuscipes 
would  be  the  common  omnivore,  R.  lutreolus  the 
specialist  herbivore,  A.  stuartii  the  scansorial 
insectivore,  A.  swainsonii  the  soil  fossicking 
insectivore.   There  was  no  generalist  herbivore, 
which  is  usually  filled  by  Pseud omys  spp.  in 
other  studies  (Braithwaite  and  others  1978),  but 
no  Pseud orays  is  present  in  Nadgee  Nature  Reserve 
though  found  both  north  and  south  of  it. 
Cockburn  (1978)  found  the  Heath  mouse  (Pseud omys '  " 


shortridgei  (Thomas))  on  heaths  that  had  a 
maximum  or  near  maximum  diversity  of  woody  plant 
species,  an  association  which  developed  about  6-?' 
years  post-fire  in  his  study.   Prior  to  1965 
farmers  burnt  the  heaths  in  Nadgee  every  3  or  4 
years  (A.  Fox,  pers.  comm.).   Perhaps  the  heaths 
have  been  burnt  too  frequently  to  allow  them  to 
reach  maximum  plant  species  diversity  and  so 
Pseudomys  have  disappeared.   An  example  of  such 
heath  is  the  open  graminoid  heath  which  was  not 
used  in  our  analyses.   The  ground  vegetation  and 
shrub  height  is  low  (<  30  cm)  and  the  soils  are 
very  hard  ground-water  podzols.   No  native  small 
mammal  has  been  trapped  there. 


In  most  studies  on  fire  and  mammals  in 
Australia  there  has  been  an  invasion  of  Mus 
musculus  into  the  burnt  area  within  about  6 
months  post-fire  (Christensen  and  Kiraber  1975, 
Newsome  and  others  1975,  Recher  and  others  197 
Fox  in  press)  (fig.  2).   Mus  as  well  as  being 
immediate  post-fire  colonizer  is  considered  to 
fill  the  food  niches  of  A.  stuartii  and  A. 
swainsonii  in  their  absence  (Braithwaite  and 
others  1978). 
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No   grid    had  more    than   three   species    present 
pre-fire.      However,    in   the    years   2-5    post-fire 
most   grids   at    some   stage   had    four    species   and    th 
closed    scrub   had    five    species    present    2   years 
post-fire.      The    number    of    food    niches  may 
therefore   be    increased   by    fire. 

(d)      Effect    of    Fires    of    Low  and    High    Intensity 

Fire   itself,    especially  of    low  intensity,    is 
unlikely    to   be    a   major   mortality    factor    for    smal 
mammals    (Leonard    1972,    Cowley   and    others    1969). 
In    fact  most   authors   have    found    that    fire-induce 
mortality   only   occurs    under    extreme   conditions. 
In   an    experimental    fire    applied    to    fenced 
enclosures   -    reduced    cover   and    seed    availability 
and    increased    predation    were    the   major    factors 
for   population  declines    (Crowner   and    Barrett 
1979).      Komerek    (1969)    observed    cotton    rats 
removing    young    from    nests   ahead    of    a    fire   of    low 
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lensity  and  so  surviving.   However,  a  high 
tensity  fire  (wildfire)  usually  travels  at 
insiderable  speed  and  consumes  everything  in  its 
th  including  many  birds  and  mammals.   One 
;ceptionally  destructive  situation  arises  when 
iQt  fires  in  Eucalypt  forests  coalesce.   An 
.ormous  amount  of  energy  is  released  in  the  form 

flaming  whirlwinds  which  can  uproot  and  snap 
f  trees  with  winds  up  to  100  km  per  hour 
Iheney  1979). 

In  most  cases  fires  and  particularly  those  of 
w  intensity  leave  a  mosaic  of  unburnt  patches 

well  as  not  burning  all  vegetation  strata, 
is  is  most  likely  along  creeks  and  drainage 
nes  where  the  abundance  and  species  diversity 

small  mammals  could  be  expected  to  be  greatest 
ewsome  and  Catling  1979).   The  mosaic  of 
burnt  vegetation  is  probably  the  most  important 
"ctor  in  the  survival  and  recolonization  of 
lall  mammals. 

I 

[  Frequent,  man-made  "control"  fires  are, 

Iwever,  another  matter.   Vegetation  analysis  has 
ivealed  the  importance  of  ground  vegetation, 
srubs,  and  litter  for  small  mammals  in  south- 
(stern  Australia.   The  vegetation  correlations 
:  Table  l(i)  indicate  that  these  components  will 
: crease  if  the  canopy  is  opened  up.   There  is  no 
lown  fire  which  will  selectively  open  up  the 
lee  canopy.   There  is  evidence  that  repeated  and 
lequent  burning  may  convert  open  forest  with  a 
jrub  understorey  to  open  forest  with  a  grassy 
iderstorey  (Coaldrake  1961).   With  repeated 
ires  Gilbert  (1959)  found  the  conversion  of 
Blti-layered  understoreys  to  a  single  layer  and 
(ristensen  and  others  (1981)  found  a  66  percent 
liuction  in  shrub  density.   Our  vegetational 
calysis  indicate  that  this  will  not  favour  small 
oamal  abundance  nor  diversity.   Therefore  the 
fall  mammal  fauna  of  south-eastern  Australia 
£2ms  advantaged  and  perhaps  dependent  in  the 
liger  term  on  the  shrub  regrowth  which 
iiurishes  after  severe  fire,  and  disadvantaged 
I  "cool  control  fires"  lit  to  prevent  severe 
vLd  fires. 

This  study  was  conducted  at  years  6-7  post- 
f'e,  when  shrubs  averaged  1.8  metres  with  an 
a;rage  cover  of  38%  in  the  treed  sites  and  1.1 
n:res  and  37%  on  the  treeless  sites.   This  is 
rir  their  maximum,  and  yet  conclusions  have  been 
diwn  about  earlier  successional  stages.   It  is 
eiouraging  that  records  of  Rattus  from  those 
ties,  particularly  soon  after  the  fire,  support 
t!se  conclusions.   Rattus  lutreolus  was  the 
f"st  native  species  into  all  habitats  then,  even 
t;  forest.   Antechinus  is  a  little  more 
d  ficult  to  understand,  however,  mainly  because 
1  survived  so  well  in  the  first  year  post- 
f'e.   It  must  be  added,  of  course,  that  the 
p;cise  resources  required  by  the  species  have 
n  been  deduced,  merely  what  appear  to  be 
P'.ferred  habitat  associations. 
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le  Effects  of  Fire  Regime  on  Small  Mammals 
i  S.W.  Cape  Montane  Fynbos  (Cape 
facchia)' 

fWillanand  R.  C.  Bigalke' 


Abstract:   Small  mammal  species  richness, 
abundance  and  biomass  were  determined  in  repre- 
sentative S.W.  Cape  montane  fynbos  habitats  of 
various  post-fire  aqes,  and  in  riverine  and  rocky 
outcrop  habitats  respectively  too  wet  and  too 
poorly  vegetated  to  burn.   In  fynbos  the  para- 
meters measured  displayed  bimodal  distributions, 
with  early  (2,4  years)  and  late  (38  yearf)    peaks 
and  intervening  troughs  (10-14  years).   Correla- 
tions with  plant  succession  are  discussed.   In 
comparison  with  other  ecotypes,  recolonisation  of 
burns  by  small  mammals  occurs  more  slowly  in 
fynbos.   Species  richness,  abundance  and  biomass 
of  small  mammals  was  consistently  higher  in 
riverine  habitats  than  on  rocky  outcrops.   The 
former  may  serve  as  major  sources  of  recolonisa- 
tion after  fire. 


^ 


There  is  no  published  information  on  the 
fects  of  fire  on  small  mammals  in  fynbos 
though  ecosystem  dynamics  cannot  be  fully 
derstood  without  knowledge  of  these  effects. 
jree  studies  have  been  undertaken  (Toes  1972; 
Twis  In  preo;  Biqalke  and  Pepler  Unpubl . ),  and 
(nd  and  others  (1980)  commented  on  potential 
fre  effects  in  the  Southern  Cape  mountains.   The 
fesent  pilot  study  took  place  in  S.W.  Cape 
rntone  fynbos  preparatory  to  intensive  investi- 
(tion  of  the  effects  of  fire  regime  on  non- 
Issorial  small  mammals.   The  project  has  been 
'Tiporarily  suspended,  and  preliminary  conclu- 
;ons  are  presented  here. 


HHCOS 

Trapping  was  undertaken  from  August  to 
Ivember  1979  at  selected  sites  in  three 
[portment  of  Forestry  mountain  catchment 
iserves,  Jonkershoek  (33°59'S,  18°59'E;  +  400m), 
nmershoek  (33°48'S,  19°02'E;  ±  800m)  and 
bcnon  (34°09'S,  19°09'E;  ±  900m).   34  sites 
re  trapped,  22  in  representative  fynbos  and  6 
ch  in  riverine  habitats  and  rocky  outcrops, 
e  riverine  and  rocky  outcrop  habitats  appeared 
spectively  too  wet  and  too  poorly  vegetated  to 
rn;  they  were  sampled  to  ascertain  their 
tentiol  as  refuge  habitats  after  fire  (Vesey- 
tzgerald  1966),  when  the  surrounding  vegetation 
d  been  destroyed.   The  fynbos  study  areas  were 
lected  on  the  basis  of  the  post-fire  age  of  the 
getotion  (2,  4,  10,  14  and  38  years  old ) .   The 
fects  of  variables  other  than  post-fire  age 
re  largely  neutralised  by  sampling  a  number  of 
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sites  in  each  area   which  were  analogous  to  sites 
in  other  areas.   In  this  way  area  effects 
resulting  from  differences  in  aspect,  slope, 
rockiness  and  proximity  to  surface  water  were  more 
or  less  eliminated.   Unavoidable  variation 
occurred  in  season,  altitude  and  vegetation 
floristics  and  physiognomy.   In  the  2-14— year-old 
areas,  trapping  sites  included  vegetation 
dominated  respectively  by  Proteacea,  Ericacea  and 
Restionacea,  but  this  was  impossible  in  the  38- 
year-old  area  where  Protea  repens  and 
Widdringtonia  nodiflora  were  dominant,  although 
the  proteas  were  dying  out,  leaving  much  dead 
wood  on  the  ground  and  permitting  recolonisation 
by  ericas  and  restios.   The  most  important  feature 
of  these  habitats  in  relation  to  the  study  objec- 
tives was  that  while  the  young  (2- and  4-year-old) 
and  old  (38-year-old)  vegetation  could  be  regarded 
as  productive  (i.e.  actively  growing,  the  latter 
due  to  recolonisation  by  ericas  and  restios),  the 
10-and  14-year-old  vegetation  was  clearly  mori- 
bund, and  floristic  and  physiognomic  diversity  was 
consistently  lower  than  in  either  the  young  or 
senescent  habitats.   In  an   attempt  to  obtain  an 
overview  of  small  mammal  preferences  for  these 
habitats,  data  are  combined  where  areas  of  the 
same  general  type  (i.e.  riverine  or  rocky  outcrop 
habitats,  or  ones  of  the  same  post-fire  age)  were 
sampled  in  different  catchments. 

A  summary  of  sampling  effort  in  each  type  of 
habitat  is  given  in  Table  1.   In  the  fynbos  and 
mesic  refuge  habitats^  trapping  took  place  on 
transect  lines  of  variable  length  (10-20  stations, 
depending  on  local  conditions),  with  15m  between 
stations.   Trapping  on  rocky  outcrops  was  more  or 
less  ad  libitum,  with  traps  set  at  places  where 
they  seemed  most  likely  to  make  a   catch.   2  live- 
traps  were  used  at  every  station,  1  Sherman  230  x 
80  X  90  mm  and  1  PVC  tunnel  trap  250  x  65  x  78  mm 
(after  Willan  1979).   Traps  were  set  within  1m  of 
station  markers  abutting  small  mammal  runways  if 
present,  and  checked  morning  and  evening  for  a 
total  of  4  days  and  nights.   Bait  was  a  mixture 
of  roll'^d  oats,  raisins  and  sunflower  oil;  pre- 
baiting  was  not  employed.   Animals  were  released 
at  the  point  of  capture  after  species  and  moss 
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Table  1— Sampling  effort  (station-nights)  in 
various  S.V/.  Cape  fynbos  habitats.   The  number 
of  sites  sampled  within  each  area  is  given  in 
brackets . 


10 


Study  areas 


Wemmershoek 

Lebanon 

Jonkershoek 

Totals 


Month  sampled 


Montane  fynbos  -  age  in  years 


10 


14 


38 


Mesic 
refuges 


Rocky 
outcrops 


Totals 


August 

September 

November 


130(2)  180(3) 

300(6) 
80(2)   430(6)  180(3) 

210(4)   430(6)   300(6)    180(3)    180(3) 


180(3) 

40(1) 

100(2) 


200(4) 
100(2) 


320(6)    300(6) 


690(12 
440  (9) 
790(13 

1920(34 


E 
wy 

JiDa 

iiof 

sin 


had  been  recorded  and  to  avoid  interfering  with 
proposed  trap-mark-releose  studies,  they  were 
marked  only  by  clipping  the  fur.   Results  are 
interpreted  as  indices  of  relative  abundance, 
expressed  as  trap-success/station-night  of  effort, 
where  "station-night"  described  trapping  for  a 
24-hour  period  with  two  traps/station.   Data  of 
this  type  may  be  expressed  in  terms  of  "trap- 
success"  (e.g.  Meester  and  others  1979;  Mentis 
and  Rowe-Rowe  1979),  but  in  the  present  report 
this  would  have  been  misleading  since  it  was 
uncommon  (less  than  3  percent  of  captures)  for 
more  than  one  animal  to  be  trapped  at  the  same 
station  at  the  same  time.   Relative  biomass  was 
calculated  as  total  biomass  divided  by  sampling 
effort,  hence  as  g/station-night . 

Otomys  spp.  ore  difficult  to  distinguish  in  the 
field,  and  while  J.  Meester  (pers.  comm.) 
identified  as  0.  irroratus  all  specimens  in  a 
small  voucher  series  from  the  3  catchments,  0. 
laminatus  and  0.  saundersae  also  occur  in  fynbos 
iDavis  1974),  with  0.  saundersae  previously 
recorded  from  Jonkershoek  TStewart  1972).   The 
possible  irroratus/laminatus/saundersae  complex 
present  in  the  sample  is  referred  to  as  Otomys 
throughout,  although  t'he  great  majority  were 
probably  0.  irroratus .   This  approach  appears 
reasonable  in  view  of  the  similarity  in  habits  of 
Otomys  spp.  (Roberts  1951;  Kingdon  1974). 


RESULTS 

A  total  of  460  rodents  and  insectivores , 
representing  12  taxa,  were  captured  during  the 
study  (table  2),  83  percent  of  which  were 
Aethomys  namaquensis,  Otomys  spp.,  Rhabdomys 
pumilio  and  Mysorex  varius. 

Species  richness  (fig.  1)  was  highest  in  the 
riverine  habitats,  where  all  but  one  species 
(Elephgntulus  edwardii)  were  present,  and  lowest 
on  rocky  outcrops  and  in  14- year-old  fynbos.   In 
the  fynbos  habitats  it  was  variable,  with  early 
(4-year)  and  late  (38-year)  peaks,  and  an  inter- 
vening (10-and  14-year)  trough. 

Relative  abundance  (fig.  2)  was  highest  in 
the  riverine  habitats,  and  lowest  on  rocky  out- 
crops.  In  the  fynbos  habitats,  relative 
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abundance  displayed  early  and  late  peaks,  with  ai 
intervening  trough,  but  within  the  overall  bi- 
modality  considerable  species-specific  variation 
existed.   The  most  important  characteristics  of 
the  distribution  illustrated  in  figure  2  are  as 
follows : 

1 --Abundance  of  Aethomys  namaquensis,  Mus 
minutoides  and  Dendromus  melanotis  declined  with 
increasing  age  of  the  vegetation,  and  D.  mesomel 


jlars 


fen 


replaced  D.  melanotis  as  the  vegetation  became 
more  rank . 

2--0tomys  spp.  were  initially  (2  years)  poorl 
represented,  but  thereafter  maintained  an 
important  presence. 

3-^Rhabdomys  pumilio  was  most  abundant  in  you 
(2-and  4-year-old)  and  old  fynbos,  but  declined 
middle  age;  ad  libitum  trapping  in  an  area  of 
younger  fynbos  (specific  age  unknown)  adjoining 
the  10  year-old  habitat  showed  this  species  to  b 
present  at  Lebanon. 

4--Acomys  subspinosus  was  generally  poorly 
represented,  and  was  absent  from  2  and  14  year-o 
habitats . 

5--Insectivores  were  absent  from  2  year-old 
fynbos;  small  numbers  of  Crocidura  cyanea  and  C, 
flavescens  were  present  only  in  the  4  year-old 
habitat,  but  Myosorex  varius  showed  an  almost 
linear  increase  with  increasing  age  of  the 
vegetation  (r  =  0.985;  P<  .01). 

6--Praomys  verreauxi  and  Elephantulus  edwardi 
were  respectively  restricted  to  riverine  and 
rocky  outcrop  habitats.   P.  verreauxi  is,  howeve 
not  generally  restricted  to  riverine  habitats, 
occurring  on  scrubby  hill-slopes  or  forest  margi 
in  the  Knysna  area  (Davis  1974),  and  on  well- 
vegetoted  slopes  in  the  Southern  Cape  mountains 
(Bond  and  others  1980). 


7--The  riverine  small  mammal  communities  were 
dominated  by  Otomys  spp.  and  R.  pumilio,  and 
rocky  outcrops  by  Aethomys  nanaquensis . 

Relative  biomass  (fig.  3)  was  bi-modally  dis- 
tributed in  the  fynbos  habitats,  with  peaks  at  4 
and  38  years.   The  high  incidence  of  Otomys  spp. 
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)le    2 — Numbers   of    small   mammals    trapped   in 
•ious    S.W.    Cape    fynbos   habitats. 
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Fiure  1--Species  richness  of  small  mammals  in 
V  ious  S.W.  Cape  fynbos  habitats.  MR  =  mesic 
r  uges;  RO  =  rocky  outcrops. 


(,=  99r])  in  4-year-old  fynbos  (52  percent  of 
t  al  captures)  and  the  reduced  importance  of 
t  s  taxon  at  28  years  (24  percent),  together 
*h  high  38-year  numbers  of  ►''.  varius  (44  percent; 
X;  12g),  largely  explains  the  shift  of  the  higher 
pik  from  38  years  (abundance;  fig.  2)  to  4  years 
(;omass;  fig.  3).   Relative  biomass  in  the  mesic 
Hiitots  was  identical  to  that  in  4-year-old 
I  ibos  ( 19 .Og/station-night ) ,  while  rocky  out- 
c 'ps  ( 2.5g/station-night )  supported  only  27  per- 
c  it  of  the  biomass  of  the  next  lowest  habitat 
( '-year -old  fynbos;  9 . Ig/station-night ) . 


DISCUSSION 

Successional  Trends 

The  available  data  demonstrate  the  existence 
of  bimodal  distributions  of  small  mammal  species 
richness,  abundance  and  biomass  in  respect  of  post- 
T^ire  age  of  montane  fynbos,  with  early  and  late 
peaks,  and  intervening  troughs.   The  de  facto 
existence  of  a  decline  in  middle-aged  fynbos  is 
supported  by  the  fact  that  Toes  (1972)  recorded 
only  3  small  mammal  species  in  a  14  year-old 
Protea  repens  stand  at  Jonkershoek,  and  Lewis  (in 
prep.  )  found  only  1  spe>cies  to  be  present  at  the 
same  site  when  the  vegetation  was  17  years  old. 
It  is  significant  that  small  carnivores,  as 
evidenced  by  tracks  and  scats  observed  during  the 
present  field  work,  and  by  interference  with  traps, 
were  only  active  in  4-and  38-year-old  fynbos,  and 
in  riverine  habitats,  where  small  mammals  were 
most  abundant. 

A  similar  bimodality  has  previously  been  des- 
cribed in  humid  montane  grassland  (Natal  Drokens- 
berg;  Mentis  and  Rowe-Rowe  1979).   These  authors 
proposed  that  the  reason  for  the  bimodality  they 
observed  is  that  different  species  (including 
small  mammals,  antelope  and  froncolin)  ore  adopted 
either  to  frequently  burned  (fire  accessible)  or 
infrequently  burned  (fire  inaccessible)  habitats, 
but  not  to  moribund  habitats  of  intermediate  post- 
fire  age.   It  seems  more  economical  to  argue  that 
some  species  are  preodopted  to  recently  burnt 
environments,  exploit  the  resources  available 
there  and  decline  in  the  later  serai  stages.   The 
second  peak  results  from  the  presence  of  core 
species  and  those  confined  to  old  unburnt 
habitats . 
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Figure  2--Relative  abundance  of  small  mammals 
in  various  S.W.  Cape  fynbos  habitats.   MR  = 
mesic  refuges;  RO  =  rocky  outcrops.   Relative 
abundance  colculated  by  dividing  total 
captures  for  each  species  by  sampling  effort 
(station-nights ) . 


On  present  knowledge  the  successional  pattern 
in  fynbos  indicated  by  our  results  is  not  easy  to 
explain  fully.   Limited  cover  and  food  may  both 
restrict  small  mammal  species  richness  and 
density  on  young  burns.   Cover  requirements  of 
Aethomys  namaquensis  are  low  and  Rhabdomys  pumilio 
prefers  "grassy"  ground  cover,  which  includes 
Poaceae  as  well  as  the  Cyperaceoe  and  Restionaceae 
prominent  in  young  fynbos  (Bond  and  others  1980). 
The  small  size  of  Mus  minutoides  may  enable  it  to 
use  small  residual  patches  of  shelter  (Bigalke 
and  Willon  in  press).   4  of  the  5  rodents  trapped 
on  the  youngest  burns  (table  2)  are  omnivorous 
(Bigalke  and  Willan  in  press)  and  thus  able  to 
exploit  whatever  food  resources  are  available. 
The  fifth,  Otomys  sp.,  is  a  specialist  herbivore 
and  only  becomes  abundant  later  in  response  to 
increasing  cover  (see  below). 
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Peak  small  mammal  species  richness,  density  (  ft 
biomass  measured  at  4  years  (table  2,  fig.  2)  i: 
attained  when  the  vegetation  is  reaching  the  en< 
of  its  youth  phase.   During  this  time  fynbos 
becomes  dominated  by  restionaceous  and  graminoii 
plants  and  sprouting  shrubs,  the  herbaceous  plai 
reaching  maximum  biomass  of  up  to  8000kg/ha. 
Canopy  cover  reaches  about  80  percent  of  pre-bu.| 
levels  and  remaining  sprouting  species  attain 
reproductive  maturity  (Kruger  and  Bigalke  in  prj 
Food  resources  are  likely  to  be  plentiful  and  oi 
good  quality.   For  some  mammals  abundant  at  thi 
time  cover  density  is  known  to  be  important. 
Bond  and  others  (1980)  found  a  positive  correla 
between  the  presence  of  Acomys  and  foliage  dens 
between  20  and  60cm  although  high  elevation  andj 
rocky  areas  were  also  significant  habitat  focto^ 
in  Baviaanskloof .   Otomys  spp.  also  exhibit  a 
marked  preference  for  dense  shrubby  vegetation 
(Bond  and  others  1980). 
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gure  3 — Relative  biomass  of  small  mammals  in 
rious  S.W.  Cape  fynbos  habitats.   MR  =  mesic 
Fuges;  RO  =  rocky  outcrops.   Relative  biomass 
Iculated  by  dividing  total  biomass  by  sampling 
Fort  (station-nights). 


The  decline  of  small  mammals  in  mature  fynbos 
/  reflect  responses  to  dense  canopy  cover,  the 
Juced  importance  of  lower  herbaceous  strata 
iJ  decreasing  plant  species  diversity  described 

Kruger  and  Bigalke  (in  press).   During  the 
lescent  phase  of  post-fire  succession  in  fynbos 
>ver  about  30  years  -  these  authors  show  that 
"tality  among  shrubs  is  high,  the  canopy  opens 
I  some  seed  regeneration  may  occur.   A  species 
;h  as  Rhabdomys  presumably  again  finds  adequate 
id  and  "grassy"  ground  cover  while  the  accumu- 
.ed  litter  may  be  an  important  factor  favouring 
■sorex. 


iiolonisation  Rates 

Rotes  of  small  mammal  recolonisation  of  burns 
fynbos  appear  slower  than  in  other  southern 
icon  ecotypes.   The  present  study  did  not 
lude  habitats  of  less  than  2  years  post-fire 
,  but  trapping  on  a  burn  at  Duthie  Reserve, 
iversity  of  Stellenbosch  (33°56'S;  18°52'E;  ± 
im),  Bigalke  and  Pepler  (unpubl.)  found  no 
11  mammals  to  be  present  until  Rhabdomys 
Wilio  moved  in  11  months  after  the  fire.   Toes 
,72)  sampled  1-year-old  vegetation  at  Jonker- 
"fak  and  found  only  2  species  to  be  present, 
■fcontrast,  a  number  of  studies  in  other  regions 
i< 5  shown  post-fire  pioneer  species  to  be 
•isent  immediately  after  burning  (Christian 
I'/;  Kern  1978;  Meester  and  others  1979;  Mentis 
"■  Rowe-Rowe  1979),  and  as  many  as  5  species 
K  be  present  7  months  after  fire  in  Terminalia- 
jj  irostachys  savanna  (Kern  1978).   These  obser- 
'ti-ons  presumably  reflect  the  slower  rate  of 
«?neration  of  fynbos  relative  to  other  vegeta- 
ii  types.   It  is  of  interest  in  this  respect 
'  :  of  the  species  sampled  in  this  study,  2  may 
■^jresent  immediately  after  fire  in  other 
c:ypes  (Mus  minutoides  and  Myosorex  varius  at 
li  lor  Dam  Nature  Reserve,  Natal  -  Meester  and 


others  1979;  Myosorex  varius  in  the  Natal  Drakens- 
berg  -Mentis  and  Rowe-Rowe  1979).   Other  species 
in  which  post-fire  pioneer  status  has  been  docu- 
mented (Desmodillus  ouricularis,  Gerbillurus  paebo, 
Malacothrix  typica  -  Christian  1977;  Tatera 
leucogoster  -  Kern  1978;  Praomys  natalensis  - 
Meester  and  others  1979,  Mentis  and  Rowe-Rowe 
1979)  do  not  occur  in  the  S.W.  Cape.   Further 
study  may  show  that  Aethomys  namaquensis,  which 
as  noted  above  is  adapted  to  low  cover  densities 
(Bond  and  others  1980),  survives  on  fresh  burns. 
Its  dominant  position  2  years  after  fire  (fig.  2) 
at  least  suggests  that  it  recolonizes  burns  soon 
after  fire.   This  species  did  not  occur  in  the 
vicinity  of  Duthie  Reserve,  which  represents  a 
small  fynbos  "island"  surrounded  by  disturbed  and 
largely  exotic  vegetation. 


Refuge  Habitats 

The  data  presented  above  indicate  that  riverine 
habitats  are  more  important  as  refuges  during  and 
immediately  following  fire  than  are  rocky  outcrops. 
The  occurrence  in  riverine  vegetation  of  all  10 
species  found  in  the  fynbos  habitats  suggests 
that  recolonisation  of  burns  at  the  appropriate 
stage  of  vegetative  regeneration  may  occur  from 
such  refuges  rather  than  surrounding  areas  of 
unburned  fynbos,  where  species  diversity  may  be 
low.   In  contrast,  extensive  recolonisation  of 
fynbos  from  rocky  outcrops  would  be  expected  to 
be  undertaken  only  by  Aethomys  namaquensis. 


Conservation 

The  conservation  status  of  the  majority  of 
southern  African  small  mammals  is  unknown,  but 
4  species  dealt  with  here  (Acomys  subspinosus, 
Otomys  laminatus,  0.  soundersae,  Praomys 
verreauxi )  are  rare  (Dean  1978)  S.W.  Cape 
endemics  (Davis  1974).   Acomys  and  Praomys  are 
pollinators  of  geoflorous  proteas  such  as  Proteo 
amplexicaulis  and  P^.  humif lora  (Wiens  and  Rourke 
1978) .   It  seems  reasonable  to  propose,  there- 
fore, that  the  local  status  of  these  species  (at 
least)  should  be  ascertained  prior  to  prescribed 
burning,  with  a  view  to  their  conservation. 

It  has  been  shown  that  the  abundance  of 
francolin  in  the  Natal  Drokensberg  is  increased 
by  burning  small  rather  than  large  areas  of  veld, 
thus  creating  a  fine  mosaic  of  vegetation  of 
different  post-fire  ages  (K/lentis  and  Bigalke 
1979).   Such  a  policy  would  appear  to  have  much 
to  recommend  it,  especially  if  consideration 
were  given  to  the  question  of  fire  accessibility 
(Mentis  and  Rowe-Rowe  1979),  so  that  naturally 
fire-accessible  areas  were  burnt  prior  to  reaching 
the  moribund  phase  of  vegetative  succession,  and 
succession  was  allowed  to  proceed  ad  infinitum 
in  naturally  fire-inaccessible  areas.   In  the 
long  term  this  would  be  expected  to  increase 
overall  diversity,  abundance,  and  biomass  of  small 
mammals,  and  hence  to  encourage  proliferation  of 
small  carnivores  and  other  predators  which  feed 
on  them. 
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e  Influence  of  Disturbance  (Fire,  Mining)  on 
it  and  Small  Mammal  Species  Diversity  in 
Istralian  Heathland^ 

ry  J.  Fox" 


This  paper  draws  on  a  number  of 
iDsely  related  studies  to  make  compar- 
I5ns  between  different  disturbance 
erects  in  the  one  area,  and  from  this 
:  ne  to  some  more  general  conclusions 
a-ng  information  available  in  the 
L  :erature. 


To  monitor  post-dis 
e  chosen  two  taxa,  s 
s,  to  represent  the 
ected.  The  area  con 
stal  heathland  in  My 
k  (32°28'S,  152°24'E 
i-mediterranean  clima 
cipitation  in  early 
.  reduced  and  unpredi 

summer  months. 


turbance  changes  I 
mall  mammals  and 
range  of  animals 
sidered  is  in 
all  Lakes  National 
) ,  experiencing  a 
te  with  peak 
winter  (May- June), 
ctable  rain  during 


The  study  sites  regenerating  afte 
ip-mining  cover  a  time  span  from  f 
eleven  years  and  provide  a  range  o 
plified  habitats  from  very  sparse 
etation  cover,  progressing  towards 
er  similar  to  the  surrounding  plan 
munity.   Detailed  descriptions  of 
se  sites  are  provided  in  Fox  and  F' 
78) .   Detailed  information  at  one 
thland  site  (ML) ,  before,  and  for 
rs  after  fire,  is  provided  for  a 
cies-rich  small  mammal  community  (| 
0)  .   A  study  of  regenerating  sites' 
ferent  ages   in  the  heath  understo 
nearby  open  forest  provides  simila 
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Abstract:   Multiple  linear  regression 
equations  describe  responses  for  both  taxa 
to  temporal,  floristic  and  structural  veg- 
etation change.   Mammal  succession  is  a 
replacement  of  dominant  species,  ant 
succession  is  a  replacement  of  groups  of 
species.   Many  plant  species  show  adapt- 
ations to  frequent  burning  and  a  high 
proportion  of  resprouters  ensures  a  rapid 
recovery,  reflected  in  the  mammal 
community.   Mammal  recolonization  is 
slower  when  mining  destroys  the  soil 
profile  and  plant  regeneration  occurs  from 
seed.   High-diversity  sites  support  more 
fire-adapted  mammal  species.   Species 
diversity  is  linearly  related  to  habitat 
diversity.   Management  for  maximum  species 
diversity  requires  vegetation  of  all  serai 
stages  to  accommodate  many  different  taxa. 


information  and  conclusions  (Fox  and  McKay 
1981) . 

There  are  few  studies  dealing  specifi- 
cally with  the  effects  of  disturbance  on 
heathland  small  mammal  communities. 
Cockburn  (1978)  found  the  abundance  of  the 
Heath  Mouse  (Pseudomys  shortridgei ) ,  in 
the  Grampian  Mountains  of  Victoria,  to  be 
strongly  correlated  with  sites  that  had 
burned  6  to  9  years  previously  and  had 
high  plant  species  diversity.   Fox  (1980) 
found  that  seven  species  of  small  mammals 
in  coastal  heathland  formed  a  secondary 
succession  following  fire.   Although 
largely  a  study  of  forest  fire,  Newsome 
and  others  (1975)  did  include  some  heath- 
land sites,  recording  the  post-fire  appear- 
^r-T-,nrtunistic  House  Mouse  (Mus 
:;orded  there, 
.n  the 
effects  of 
5;  these  are 
L981) . 
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nee  on  ants  in 

known.   Fox 
ts  of  strip- 
n  heathlands, 
) ,  while  Ma jer 

(in  press) 
:  bauxite 
in  forests. 


of  top  soil,  on 
y  minerals, 
bbon  of  heath- 
unction  of  time 
Its  in  the 
tion, 

irofile  and 

;  the  overburden 
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before  its  replacement;   plant  regener- 
ation must  occur  from  seed.   A  full 
description  of  the  mining   and  rehabili- 
tation procedures  for  the  Hawks  Nest  study 
sites  (HN)  is  given  in  Fox  and  Fox  (1978), 
together  with  descriptions  of  the  methods 
used  to  monitor  changes  along  this  mining 
path. 

Structural  changes  in  vegetation  were 
monitored  with  a  light  meter,  using  a 
method  developed  to  estimate  the  amount 
of  vegetation  present  in  a  number  of 
layers  (Fox  1979) .   There  is  an  overall 
increase  in  the  amount  of  vegetation  in 
each  layer  as  a  function  of  time,  except 
for  the  marked  decrease  in  the  lowest  20 
cm  after  eight  years.   There  was  little 
vegetation  present  above  1  m  until  after 
this  time  (Fig.l).   Plant  species 


f  .6  . 


Z  .4 

o 


50cm 


diversity  showed  a  significant  linear 
increase  with  regeneration  time  (Fig. 2) 
(r=0.80,  n=10,  p<:0.01).   A  total  of  30 
environmental  variables  were  measured  fc| 
inclusion  in  a  multivariate  analysis; 
from  these  a  subset  of  10  variables  was 
selected  for  further  analysis  (see  Fox  c| 
Fox  1978  for  full  details) . 

Small  Mammals 

Small  mammals  were  simultaneously 
trapped  on  the  10  mined  and  4  control 
plots,  using  25  traps  per  plot,  set  on 
5x5  grid  with  20  m  spacing.   Using 
multiple  linear  regression  and  path 
analysis  (see  Fox  and  Fox  1978)  a  path 
diagram  can  be  constructed  to  illustrat 
which  variables  contribute  significant! 
to  the  variance  of  the  biomass  of  the  N 
Holland  Mouse  (Pseudomys  novaehollandia 


on  the  mined  sites  (Fig. 3).   Plant 
species  diversity  at  each  site  makes  th 
greatest  contribution,  followed  by  a 
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Figure  1--Changes  in  vegetation  structure 
with  regeneration  age  for  five  study 
sites  on  the  Hawks  Nest  sand  mining  path. 
Error  bars  at  the  top  of  each  layer  are 
"^   1  s.e.m.  for  that  layer. 
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Figure  2 — Changes  in  plant  species 
diversity  (A^)  with  regeneration  time  for 
the  same  mining  path  (A  =  [ E  (P . ) 2 ]-l , p^  = 
proportion  of  cover  contributed  by  species 
i)  . 


Figure  3--  A  path  diagram 
contributing  to  changes  i 
biomass  (PNHBIOM)  on  sand 
Variables  are  plant  speci 

(PLSPDIV) ,  proportion  of 
species  (HEATHNES) ,  soil 

(PENOTIS)  and  a  vegetatio 
sturctural  layers  0  to  50 
20  to  50  cm  (20T50) . 


showing  fact 
n  Pseudomys 

mined  plots, 
es  diversity 
heath  plant 
penetrability 
n  index  for  t\ 

cm    (OT50)    anc 


|t3ti( 

Ici 


IMF 


measure  of  the  proportion  of  those  pla| 
species  present  which  are  true  heath 
species  and  then  a  measure  of  the  soil| 
hardness  on  the  site.  Plant  species 
diversity  is  itself  dependent  on  reger!| 
ation  age  and  to  a  lesser  extent  on  tl" 
vegetation  structure.  From  this  I  car|| 
summarize  that  the  New  Holland  Mouse 
associated  with  areas  having  a  wide 
variety  of  heath  plants,  with  vegetati 
cover  below  50  cm  on  softer  substrates! 
and  that  abundance  increases  with 
increasing  regeneration  age. 
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6  8  10 

REGENERATION  AGE  (Yrs) 


i'are  4 — The  equitability  component  (E) 
fant  species  diversity  for  each  mined 
It,  measured  at  each  of  4  collections 
uing  two  years,  as  a  function  of 
Generation  age  (E  =  4  /S,S  =  ant 
p^ies  richness) .   The  circled  point 
eresents  the  community  changeover. 


n  ; 


A  similar  analysis  was  performed  for 
n;  collected  by  simultaneously  sampling 
1,  study  sites  using  fifteen  2 .  5  cm  (1") 
i 'all  traps  per  site  on  a  3x5  grid  with 
Oi  spacing.   Sampling  was  carried  out 
":.mes  over  2  years.   It  is  the  equit- 
b*  ity  component  of  ant  species  that 
ties  a  significant  linear  relationship 
it  regeneration  time  (Fig. 4)  (r=0.65, 
='  ,  p-'O.Ol).   Increasing  amounts  of 
B^tation  in  the  layers  20  to  50  and  50 
3  00  cm  are  the  variables  contributing 
3  nt  species  richness  (Fig.SB),  while 
3  ercent  of  the  variance  in  ant  abun- 
.ns  can  be  attributed  to  the  presence  of 
goup  of  heath  plant  species,  low 
'lage  height  diversity  and  a  soft  sub- 
r;e  (Fig.  5A)  . 

Analysis  of  the  species  composition 
le  ant  communities  at  each  site 
Vils  distinctly  different  communities: 
enost  strongly  associated  with  plots 
n  ;d  less  than  8  years  ago;   a  second 
s  strongly  associated  with  plots  mined 
t' than  8  years  ago;   and  a  third,  most 
Oi.nent  on  control  plots. 

'he  changeovers  can  be  abrupt  and  are 
1  illustrated  by  the  frequency  changes 

le  numerically  dominant  species: 
P.'Otna  minutum  and  5  species  of 
ij'myrmex  (Fig. 6).   This  represents 
P-  cement  of  the  dominant  species  in  a 
ct  ssful  manner,  1.    sp  C  -^  1.    sp  A  ^ 
I nutum,  as  one  moves  along  the  mining 
tl' f  rom  younger  to  older  and  then  to 
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Figure  5--Multiple  linear  regression  path 
diagrams  showing  significant  contributions 
to  the  variance  in  A)  ant  abundance 
(p<:0.001)  and  B)  ant  species  richness 
(p<0.001) . 
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Figure  6--Change 
of  dominant  ant 
time.   Each  larg 
collections,  of 
of  replacement  o 
mined  plots  and 
control  plots, 
younger  plots  ar 
bottom  and  those 
top.   (Maximum  f 
plot  is  15) . 


s  in  relative  importance 
species  as  a  function  of 
e  column  contains  four 
increasing  age.   The  time 
f  top  soil  is  shown  for 
time  of  last  fire  on 
Species  associated  with 
e  arranged  from  the 

for  older  plots  from  the 
requency  possible  on  any 


unmined  heath.   There  is  good  evidence 
that  these  changes  result  from  competitive 
interactions  between  the  dominant  species 
(Fox  and  Fox,  in  press) . 
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FIRE 

The  7  ha  ML  site  was  trapped  using  the 
same  20  m  grid  spacing.   The  site 
comprised  a  range  of  heathland  habitats 
ranging  from  swamp,  through  wet  and  dry 
heath,  to  heath  (closed  scrub)  with 
emergent  mallee-form  eucalypts.   Seven 
species  of  small  mammals  were  regularly 
encountered  and  the  site  was  monitored 
for  6  months  before  a  major  wildfire  and 
at  about  2  monthly  intervals  for  5  years 
after  the  fire.   Some  species  such  as  the 
Eastern  Chestnut  Mouse  (Pseudomys 
gracilicaudatus)  showed  a  marked  increase 
(sixfold)  over  their  pre-fire  abundance, 
while  others  such  as  the  Eastern  Swamp 
Rat  (Rattus  lutreolus)  were  unable  to 
reoccupy  the  area  for  more  than  4  years 
after  the  fire.   The  resulting  mammalian 
secondary  succession  is  best  summarized  in 
terms  of  taxonomic  groupings  that  match 
the  ecological  grouping  into  early,  mid 
and  late  serai  stage  species  (Fig. 7). 
Species  are  not  usually  completely  ex- 
cluded, rather  there  are  marked  changes 
in  relative  abundance  as  each  species 
reaches  its  peak  abundance  at  a  time  when 
the  regenerating  vegetation  best  meets 
that  species  habitat  requirements. 


"^^      Pseudomys 
\     novae- 
^    hollandiae^ 
? 


^ — ^^  Rattus   I  u  t  (  e  o  j-j  _ 


0      1      2      3      4      5      6 

TIME    (years) 

Figure  7--The  maximum  abundance  for  each 
small  mammal  species  in  each  year  since 
fire,  relative  to  the  maximum  abundance 
for  that  species.   Pre-fire  abundance  is 
plotted  at  6  yrs,  the  time  estimated 
since  the  previous  fire. 
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Almost  identica 
in  a  nearby  forest 
using  study  sites  b 
times  from  1  to  9  y 
techniques  similar 
mining  study  (Fox  a 
Changes  in  the  vege 
plant  species  diver 
storey  were  similar 
the  heath  plot  (Ml) 
mined  plots  (Fig.l 


1  results  were  obtaii 
(Fox  and  McKay  1981) 
urnt  at  five  differei 
ears  previously  and 
to  those  used  in  the 
nd  Fox  1978)  . 
tation  structure  and 
sity  of  the  under- 
to  those  observed  o\ 
and  shown  for  the  H' 
and  2) . 


A  COMPARISON  OF  FIRE  AND  MINING 
DISTURBANCE 

Making  use  of  the  results  from  the 
year  study  on  ML  it  is  possible  to 
interpret  the  relative  effects  of  fire 
and  mining  in  the  area.   The  three  conrt 
plots  used  for  the  HN  mining  study  had  ■] 
each  burnt  at  a  different  time  (4^,  8^ <  , 
and  15+  yrs)  so  that  direct  comparisonsjln, 
can  be  made.   In  isolation  the  two  sets 
of  results  for  New  Holland  Mouse  densit 
from  the  mining  study  appear  contradictt" 
however  when  combined  with  the  results 
from  ML  it  can  be  seen  that  the 
differences  are  due  to  a  drastic  shift  n 
the  time  scale  (Fig. 8).   After  fire,  Nf 
Holland  Mouse  density,  on  ML,  peaked 
around  two  years  before  returning  to  pj- 
fire  levels.   Given  that  there  are     '^ 
different  baseline  densities  at  the  ML 
and  HN  sites,  the  HN  fire  curve  would 
appear  to  be  covering  the  return  to 
baseline  (15+  yrs)  density,  having 
peaked  earlier  as  indicated  by  dashes. 
By  analogy  the  mining  curve  not  only 
shows  a  much  slower  rate  of  increase  ( 
animals  ha'-'-y"   versus  5  animals 
ha~ly~l  for  the  ML  fire  curve),  but 
there  appears  to  be  a  threshold  at  5 
years.   Before  this,  regenerating  mine 
sites  do  not  appear  to  be  suitable  for 
New  Holland  Mice.   Although  not  certai 
it  would  appear  that  the  mining  curve 
overshoot,  as  indicated  by  the  dashed 
line,  before  returning  to  the  baseline| 
density . 


The  difference  in  recolonisation 
rates  following  the  two  types  of 
disturbance  reflects  the  different  mo 
of  vegetation  regeneration.   Vegetati 
on  mined  plots  must  come  from  seed,  whi 
burned  plots  afford  much  more  rapid 
regeneration  from  resprouting  species 
whose  rootstock  survive  the  fires. 


r( 


'■■  eac; 


Ant  species  richness  shows  a  simiK 


itiro, 


discordance  in  changes  following  fire 
mining  disturbance  (Fig. 83).  Again,  1 
may  result  from  differing  recovery  ra1  iiij 
but  it  is  more  complex  and  without  mo3  Jejt 
information  on  ant  recolonization 
following  fire  it  is  impossible  to  dojpii 
more  than  record  the  difference. 
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Figure  8 —  A)  Changes  in  the 
density  of  the  New  Holland 
Mouse  with  time  on  study 
sites  regenerating  after 
disturbance.   Simultaneous 
data  from  Hawks  Nest  sites 
following  mining  ( d )  and 
fire  (  ■  )  are  shown, 
together  with  annual  maxima 
for  a  five-year  record  on 
the  Myall  Lake  site  (  a  ) ; 
dashed  lines  represent 
inferred  extrapolations. 


B)  The  mean  number  of  ant 
species  per  collection  for 
each  HN  plot,  mined  and 
controls.   Symbols  as  for 
A)  . 


REGENERRTION  TIME   (years) 


DSCUSSION 

Several  points  emerge  that  have  im- 
prtant  implications  for  the  management 
o  heathland  areas  subject  to  disturbance, 
o  where  some  form  of  disturbance  is  used 
a  a  management  tool : 

.)  the  abundance  of  individual  species  is 
a,function  of  regeneration  time  and  they 
rach  maximum  values  at  different  times; 
'■)  this  results  in  a  secondary  succession 
o  species  replacement  series  occurring 
fr  each  taxa; 

t)iifferent  groups  of  species  will  be  pre- 
sit  at  different  times  after  disturbance; 
■  )  species  richness  or  diversity  is  a  func- 
ton  of  regeneration  time; 

')iants  and  mammals  show  different  responses; 
i).the  response  of  each  taxa  is  different 
f:  each  type  of  disturbance. 


It  is 
pjcedure 
d  sturban 
b  determ 
asa  is  b 
a  sment  o 
e  sional 


clear  that  there  can  be  no  single 
for  managing  heathland  following 
ce.   Management  procedures  must 
ined  by  the  aim  for  which  the 
eing  managed.   For  example  ,  man- 
f  an  area  to  benefit  early  succ- 
species  may  require  a  frequent 
b;:ning  regime,  but  this  will  be  at  the 
e Dense  of  those  species  that  do  not  re- 


appear until  late  in  a  succession.   This 
can  occur  within  a  taxa  and  the  problem 
is  exacerbated  when  trying  to  manage  for 
a  large  number  of  different  taxa.   A  man- 
agement objective  to  maintain  high  species 
diversity,  an  often  sought  aim,  would  en- 
compass all  of  these  problems.   The  diffi- 
culty with  this  objective  is  ,  it  requires 
that  a  wide  range  of  different  serai  stages 
should  always  be  available  in  the  managed 
area.   The  best  way  to  obtain  this  objec- 
tive is  to  maintain  a  habitat  mosaic  com- 
prising patches  of  sufficient  size  to 
support  populations  in  each  different 
serai  stage,  as  ready  sources  of  colonists. 
Evidence  supporting  this  approach  is  avail- 
able from  the  mammal  communities  of  the 
Myall  Lakes  National  Park. 

Species  Diversity 

Small  mammal  species  diversity  (MSD) 
in  Myall  Lakes  N.P.  show  the  typical  asym- 
ptotic form  of  the  species-area  curve 
(Fig.9A).   The  Victorian  sites  shown  fall 
well  below  this  line,  and  show  a  similarly 
reduced  habitat  diversity  (HD)  in  relation 
to  the  area  of  the  plot  examined  (Fig.9B). 
An  examination  of  the  relationship  between 
MSD  and  HD  shows  a  very  strong  linear  rela- 
tionship for  the  Myall  Lakes  sites  (Fig.]0) 
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(r=0.95,  n=10,  p   0.0011,  and  the  Victorian 
sites  also  lie  close  to  this  regression 
line.   This  would  appear  to  be  good  evidence 
for  species  diversity  being  directly  depen- 
dent on  habitat  diversity  and  both  increas- 
ing with  increasing  area. 
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Figure  9--  A)  Small  mammal  species 
diversity  (A3)  as  a  function  of  area  and 
B)  Habitat  diversity  (A  )  as  a  function 
of  area.   Solid  symbols  from  areas  in 
Myall  Lakes  National  Park,  N.S.W. 
(author's  data),  open  symbols  from 
Victorian  sites  from  Braithwaite  and 
Gullan  (1978)  and  Braithwaite,  Cockburn 
and  Lee  (1978) . 
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Figure  10--Small  mammal  species  diversity 
as  a  function  of  habitat  diversity 
(symbols  as  for  Figure  8). 


The  increased  MSD  in  some  New  South 
Wales  (N.S.W.)  sites  results  from  an  in- 
creased species  richness  when  compared  to 
Victorian  sites  (Table  1).   Close  examina- 
tion reveals  that  the  additional  richness 
is  provided  by  the  presence  of  early  succ- 
essional  species  that  are  able  to  benefit 


Table  1.  The  number  of  species  (inlcud 
bandicoots)  advantaged  (F"'')  and  not  advai 
aged  (Non-F"*")  by  fire,  that  contribute  t( 
the  total  small  mammal  soecies  richness,; 
local  and  regional  areas  in  Victoria  anc 
N.S.W.  (Data  sources  as  for  Fig.  9  and  f] 
Fox  1980) . 


VICTORIA 
Mt.  William 
Mirranatwa 
Bemm  River 
Kentbruck 
Syphon  Road 

Cranbourne 

Regional  Total 

N.S.W. 

Marley,  Royal  N.P. 
Brisbane  Waters  N.P 
Port  Stephens 
Myall  Lakes  N.P. 
Regional  Total 


F 
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from  the  vegetation  changes  following  f 
(F   species,  from  the  genera  Pseudomys 
(Native  Mice) ,  Sminthopsis  (Dunnarts)  a 
Isoodon  (Bandicoots),  see  Fox  1980).   1 


is  a  core  of  4  non-F"*"  species  in  both 
states,  to  which  2,  3  or  4  F"*"  species  s 
added  in  N.S.W.,  while  only  1  (or  2  wit 
a  reduction  of  1  core  species)  may  be 
added  in  Victoria.   This  is  despite  the 
fact  that  regionally,  there  are  equal 
numbers  of  F"*"  species  inhabiting  heath-] 
lands  in  both  states,  and  almost  twice 
number  of  non-F+  species  inhabiting  hec 
land  in  Victoria  (Table  1) .   This 
evidence  supports  the  hypothesis  that  1 
habitat  diversity  (resulting  from  a  mo; 
of  patches  with  different  fire  histori* 
in  Myall  Lakes  N.P.)  has  meant  that    I 
patchily  distributed  early  successiona,] 
species  have  been  able  to  survive,  aloij 
with  mid  and  late  serai  stage  species, 
ensure  the  maintenance  of  high  local 
species  diversity. 

I  feel  these  observations  on  exist 
systems  provide  a  good  basis  on  which 
management  decisions  can  be  taken  with 
objective  of  maintaining  high  species 
diversity. 
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cfiowledgement :  I  was  able  to  carry  out 
;hf3  analysis  by  drawing  on  several  earlier 
tjiies  carried  out  with  my  colleague 
ailyn  Fox;  I  thank  her  for  this,  and  for 
eiing  the  manuscript. 
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An  Ecological  Comparison  of  Small  Mammal 
Communities  in  California  and  Chile^ 


William  E.  Glanz  and  Peter  L.  Meserve- 


Similar  climates  often  seem  to  favor  the  evo- 
lution of  similar  organisms,  and  the  Mediterranean 
-climate  regions  of  the  world  have  provided  numer- 
ous examples  of  such  evolutionary  convergence. 
Of  the  five  regions  with  this  climate,  California 
and  Chile  have  been  compared  very  extensively 
(Mooney  1977),  particularly  in  terms  of  the  mor- 
phological, physiological,  and  ecological  attri- 
butes of  their  dominant  organisms.   Striking 
similarities  between  these  two  regions  have  been 
found  in  their  vegetation  structure  and  community 
patterns  (Mooney  and  Dunn  1970;  Parsons  and 
Moldenke  1975;  Parsons  1976),  their  birds  (Cody 
1973  and  1974),  and  their  lizards  (Fuentes  1976). 

In  a  variety  of  projects  during  the  past  decade 
(Meserve  1972,  1976a,  1976b,  1981a,  1981b;  Glanz 
1977a  and  1977b;  Meserve  and  Glanz  1978),  we  have 
studied  certain  communities  of  small  mammals  in 
the  Mediterranean  zones  of  California  and  Chile. 
In  this  paper  we  will  summarize  our  results  by 
comparing  our  three  best-documented  sites  on  each 
continent.   We  will  outline  some  aspects  of  these 
communities  that  suggest  convergence  in  morphology 
and  ecology.   Our  emphasis,  however,  will  be  on 
the  ecological  differences  that  we  have  found 
between  the  two  regions,  especially  those  relating 
to  community  diversity,  habitat  use,  and  diet. 
These  dissimilarities  suggest  some  major  differ- 
ences in  the  functional  roles  of  mammals  in  these 
communities,  some  contrasting  responses  of  these 
animals  to  vegetation  structure,  natural  preda- 
tors, and  human  disturbance,  and  some  potentially 
important  differences  in  the  evolutionary  his- 
tories of  the  two  regions.   We  hope  that  our  dis- 
cussion of  these  topics  will  stimulate  further 
research  on  these  ecosystems  and  their  small 
mammal  faunas . 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 
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Abstract:  Our  studies  in  similar  scrub  habitats 
in  California  and  Chile  reveal  some  interesting 
differences  between  these  two  regions  in  the 
structure  of  their  small  mammal  communities.  The 
Chilean  fauna  is  less  diverse,  with  fewer  specie 
per  site,  and  possibly  more  extreme  density  flue 
tuations.  Chilean  rodents  are  more  strongly 
associated  with  areas  of  high  shrub  and  rock 
cover,  while  California  species  show  a  greater 
variety  of  habitat  preferences.  Chile  has  more 
insectivorous  species,  and  California  has  more 
seed-eating  specialists.  Some  of  these  differ- 
ences may  be  related  to  biogeographic  and  climat' 
factors,  while  others  may  reflect  a  longer  hlstcj  -'"^ 
of  human  disturbance  in  Chile. 
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FIELD  SITES  AND  METHODS 

We  have  ecological  data  from  a  variety  of 
communities  in  each  region,  but  will  restrict  oi 
discussion  here  to  results  from  three  vegetatioi 
types  which  we  have  studied  intensively:  dry 
coastal  scrub,  moist  coastal  scrub,  and  evergrei 
chaparral.  For  each  of  these,  the  vegetation 
structure  and  life  forms  at  our  sites  were  cloS' 
matched  between  continents. 


The  dry  coastal  scrub  localities  were  studl 
by  Meserve  near  Irvine,  Orange  County,  Calif orn 
in  1970-71  and  at  Fray  Jorge  National  Park, 
Coquimbo  Province,  Chile  in  1973-74.   Detailed 
descriptions  were  provided  by  M'Closkey  (1972) 
and  Meserve  (1972  and  1976a)  for  the  California 
site,  and  by  Fulk  (1975)  and  Meserve  (1981a)  fo 
the  Chilean  site.   Both  study  areas  were  at  ab 
200  m  elevation,  within  5  km  of  the  coast,  and  |  te 
were  located  on  sandy,  well-drained  soils. 
Although  mean  rainfall  at  the  California  site  j 
(about  300  mm)  was  considerably  greater  than  atl 
the  Chilean  site  (127  mm),  their  similar  topo- 
graphy, seasonality,  and  soils  apparently  pro- 
duced remarkably  convergent  vegetation,  with 
approximately  60  percent  shrub  cover  dominated 
drought-deciduous  species. 
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The  moist  coastal  sites  studied  by  Glanz 
(1977a  and  1977b)  were  at  Camp  Pendleton  Marim 
Base,  San  Diego  County,  California,  and  at 
Zapallar  and  Los  Molles  (two  sites) ,  Aconcagua 
Province,  Chile.   Although  the  rainfall  at  thes 
localities  (225  to  350  mm)  was  comparable  to  tl 
of  the  California  dry  coastal  site,  they  were  c  la) 
slopes  more  directly  facing  the  ocean  and  rece: 
more  coastal  fog.   This  greater  moisture  plus  ' 
higher  clay  content  of  the  soils  resulted  in 
greater  average  shrub  cover  (74  percent) ,  also 
dominated  by  drought-deciduous  species,  but 
including  more  evergreen  shrubs  than  the  dry 
coastal  sites.   All  study  areas  were  between  2 
and  60  m  elevation  and  within  1  km  of  the  coas 


The  evergreen  chaparral  sites  sampled  by 
Glanz  (1977a  and  1977b)  were  at  Echo  Valley, 
near  Descanso,  San  Diego  County,  California,  a 


fee 

Stil 


Sv 


SSI 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  RiS: 

Fxnerimpnf    Station       FnrPQt    SprvirP       IT    S       ripn^rtrnpnt    r>f    Anri^,tU,ira-     IQO         kM 


Fundo  Santa  Laura,  near  Tiltil,  Santiago 
)vince,  Chile.   Both  were  at  900  to  1000  m  ele- 
;ion,  had  550  to  600  mm  mean  annual  rainfall, 
;1  were  dominated  by  evergreen  sclerophyllous 
rubs.   Plots  trapped  at  these  sites  averaged  75 
,:cent  shrub  cover.   Many  additional  aspects  of 

evergreen  chaparral  and  moist  coastal  sites 
re  studied  during  the  Mediterranean  Scrub  Project 

the  International  Biological  Program,  and  are 
scribed  in  detail  in  Thrower  and  Bradbury  (1977). 

Our  field  techniques  were  designed  to  sample 
3t  mammal  species  up  to  500  gm  body  size  in  each 
nmunity.   Populations  were  live-trapped  on  large 
.4  to  2.2  ha)  grids  at  all  sites  except  the 
Llean  moist  coastal  localities,  and  snap-trapped 
small  (usually  0.4  ha)  grids  at  all  sites  except 
California  dry  coastal  area.   Population  den- 
ties  were  determined  by  mark-recapture  tech- 
^ues,  and  by  correlating  snap-trap  success  with 
/e-trapping  results.   A  variety  of  physical  and 
getational  measurements  were  used  to  character- 
3  the  habitat  preferences  of  each  species. 
serve  (1976b,  1981b)  categorized  each  trap 
ition  according  to  its  shrub,  herb,  and  bare 
ound  cover  values,  and  then  conducted  2  x  k 
ociation  analyses  (Simpson,  Roe,  and  Lewontin 
60)  between  presence/absence  data  of  each 
scies  at  trap  stations  and  categories  of  vege- 
tion  cover.   Glanz  measured  30  habitat  variables 
each  trap  station,  scored  each  mammal  capture 
r  the  characteristics  of  that  trap  station,  and 
ien  compared  the  habitat  measures  of  stations 
lected  by  each  mammal  species  with  those  of  all 
ations  trapped  at  each  site.   To  assess  the 
gree  of  habitat  differentiation  among  species 
each  site,  Glanz  also  conducted  discriminant 
lyses  using  capture  records  and  programs  in 
e  SPSS  computer  library. 

Meserve  compared  arboreal  vs.  terrestrial 
Kbitat  utilization  at  the  dry  coastal  sites 
ling  smoked  cards  placed  on  the  grant  and  at  25, 
'.  ,    100  and  200  cm  above  ground  in  the  most  common 
srub  species.   Tracks  on  the  cards  were  identi- 
led  to  species  and  individual  using  foot  charac- 
Iristics  and  toe-clip  marks  (Meserve  1976b  and 
:81b). 

Food  habits  were  assessed  by  microscopic 
lamination  of  stomach  contents  and  fecal  pellets 
;  most  sites,  and  by  fecal  analysis  only  at  the 
'lifornia  dry  coastal  site.   Meserve  (1976a  and 
81a)  homogenized  the  sample  first,  subsampled 
■d  boiled  the  material  in  Hertwig's  solution 
aumgartner  and  Martin  1939),  and  then  identi- 
ed  cell  fragments  under  a  microscope  at  lOOX. 
' anz  (1977)  quantified  stomach  content  fractions 
rst  at  40X,  subsampled  each  fraction,  and  then 
llowed  the  above  procedure.   These  variations 
:  methods  may  limit  the  precision  of  our  compar- 
■ons,  but  should  not  alter  the  general  conclu- 
ons  we  present  in  this  paper. 

■UNAL  COMPOSITION  AND  DIVERSITY 

The  species  of  small  mammal  recorded  from 


Table  1.  Occurrence  of  each  small  mammal  species 
at  the  California  (above)  and  Chilean  (below) 
sites.   Sites  are  dry  coastal  (DC),  moist  coastal 
(MC) ,  and  evergreen  chaparral  (EC) .   Abundance 
values  are:  X  =  present,  but  uncommon;  L  =  locally 
common;  C  =  common  or  abundant.   Species  Codes  are 
used  in  figures  1  and  2. 


Community 

Type 

Species  (and  Code) 

DC  1 

MC 

1  EC 

CALIFORNIA 

INSECTIVORA 

Soricidae 

Notiosorex  crawfordi 

X 

X 

RODENT I A 

Sciuridae 

Eutamias  merriami 

X 

Spermophilus  beecheyi 

L 

L 

Geomyidae 

Thomomys  bottae 

X 

X 

Heteromyidae 

Dipodomys  agilis  (Dpa) 

C 

C 

Perognathus  californicus 

(Pgc) 

X 

X 

Perognathus  fallax  (Pgf) 

X 

c 

Perognathus  longimembris 

(Pgl) 

C 

Cricetidae 

Microtus  californicus  (Mcc) 

X 

c 

X 

Neotoma  fuscipes  (Ntf) 

L 

c 

c 

Neotoma  lepida  (Ntl) 

X 

c 

X 

Peromyscus  boylii  (Pmb) 

L 

Peromyscus  californicus  (Pmc) 

c 

c 

C 

Peromyscus  eremicus  (Pme) 

c 

c 

X 

Peromyscus  maniculatus  (Pmm) 

c 

c 

c 

Reithrodontomys  megalotis 

(Rtm) 

c 

X 

X 

Muridae 

Mus  musculus 

X 

X 

Total  Species 

12 

13 

13 

Common  Species 

7 

8 

6 

CHILE 

MARSUPIAL  lA 

Didelphidae 

Marmosa  elegans  (Mae) 

X 

c 

X 

RODENTIA 

Abrocomidae 

Abrocoma  bennetti  (Abb) 

X 

c 

Octodontidae 

Octodon  degus  (Ocd) 

c 

X 

c 

Octodon  lunatus  (Gel) 

L 

L 

Spalacopus  cyanus 

L 

X 

Cricetidae 

Akodon  longipilis  (Akl) 

c 

C 

C 

Akodon  olivaceus  (Ako) 

c 

C 

X 

Oryzomys  longicaudatus  (0 

rl) 

X 

X 

X 

Phyllotis  darwini  (Phd) 

c 

X 

X 

Muridae 

Rattus  rattus  (Rra) 

L 

Total  Species 

7 

8 

10 

Common  Species 

4 

5 

5 

each  community  are  listed  in  table  1.   Several 
points  are  obvious  from  this  list.   First,  both 
faunas  are  dominated  by  rodents;  the  only  excep- 
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tions  are  one  shrew,  Notiosorex  crawfordi.  In 
California  and  one  mouse  opossum,  Marmosa  elegans 
in  Chile.   Next,  the  two  faunas  are  phylogeneti- 
cally  distinct.   Among  the  rodents,  only  one 
native  family  (Cricetidae)  is  shared  between  the 
two  regions,  although  each  also  contains  species 
of  murid  rodents  introduced  by  humans  from 
Eurasia.   The  cricetid  rodents  of  the  two  areas, 
moreover,  are  quite  distantly  related.   Following 
Hershkovitz  (1969),  all  the  Chilean  cricetids  are 
placed  in  the  tribe  Sigmodontini,  while  the  genus 
Microtus  is  in  the  subfamily  Microtinae,  and  all 
California  species  are  in  the  tribe  Peromyscini. 
Similarities  between  these  unrelated  groups,  then, 
may  be  considered  evidence  for  evolutionary  con- 
vergence; dissimilarities,  however,  may  be  due  to 
either  phylogenetic  or  ecological  factors. 

It  is  also  evident  from  this  list  that  the 
California  fauna  is  much  more  diverse,  including 
17  species  at  these  sites  in  contrast  to  only  10 
species  at  the  Chilean  sites.   This  difference 
was  not  unexpected,  as  Greer  (1965)  and  Baker 
(1967)  have  noted  that  the  regional  faunas  of 
Chile  are  depauperate  in  comparison  with  those  of 
similar  areas  in  North  America.   They  related 
this  low  diversity  primarily  to  the  geographic 
isolation  of  Chile,  and  to  the  restricted  area  of 
temperate  biomes  in  southern  South  America. 

If  similar  ecological  opportunities  are  avail- 
able in  the  two  Mediterranean  climate  regions, 
one  might  expect  similar  numbers  of  small  mammal 
species  in  analogous  communities.   This  prediction 
is  not  supported,  however,  as  each  Chilean  site 
produced  fewer  species  than  its  counterpart  in 
California  (table  1).   Thus,  the  Chilean  fauna  is 
less  diverse  even  when  comparing  local  communities, 

POPULATION  DENSITIES 

Given  this  pattern  of  a  depauperate  Chilean 
mammal  fauna  with  fewer  species  per  community, 
one  might  predict  that  individual  species  in 
Chile  might  be  replacing  several  analogous  species 
in  California,  and  that  total  densities  of  all 
species  in  comparable  communities  would  be  simi- 
lar.  Such  "density  compensation"  (MacArthur  and 
others  1972)  is  difficult  to  test  on  these 
Mediterranean-climate  communities,  as  total  den- 
sities at  certain  sites  varied  by  more  than  lOX 
between  years.   Nevertheless,  the  evergreen 
chaparral  and  moist  coastal  sites  appear  to 
refute  this  prediction,  as  the  average  densities 
per  snap-trapping  grid  were  significantly  lower 
in  Chile  for  each  vegetation  type  (p<.05  for  both 
comparisons;  Mann-Whitney  U-test) .   The  evergreen 
chaparral  live-trapping  densities  were  also  lower 
in  Chile  (mean  =  5.3/ha)  than  in  California  (mean 
=  9.6/ha),  but  because  of  great  seasonal  varia- 
bility they  were  insignificantly  different 
(p>.05).   Density  compensation,  however,  may  be 
occurring  at  the  dry  coastal  sites,  as  average 
total  densities  were  actually  higher  in  Chile 
(mean  =  58. 7 /ha)  than  in  California  (mean  = 
41.4/ha),  and  insignificantly  different  between 
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the  two  continents  (p>.10;  U-test).  The  Chileanf' 
site  had  more  extreme  variations  (coefficient  of 
variation  =  48.9  in  Chile,  16.8  in  California), 
with  Akodon  olivaceus  declining  from  high  densi-|i^ 
ties  (32/ha)  early  in  the  study  and  Octodon  degii'' 
reaching  120/ha  near  the  end  (Meserve  1981b). 
Fulk  (1975)  live-trapped  the  Fray  Jorge  site  in 
1972-73  (prior  to  Meserve's  study),  and  found 
even  higher  populations,  with  A.  olivaceus  and 
Phyllotis  darwini  densities  combined  exceeding  |lS 
300/ha.  Glanz  (1977)  also  found  higher  average'""" 
densities  and  much  greater  variability  at  anothaf 
Chilean  dry  coastal  site  (near  Guanaqueros,  p'' 
Coquimbo  Province)  than  at  its  climatic  counter-!'' 
part  in  North  America.  Pefaur  and  others  (1979;''"'' 
reported  on  a  rodent  outbreak  in  north-central  1''^^'' 
Chile  in  1972-73,  which  was  dominated  by  Oryzomj ■"i'^ 
longicaudatus  and  P_.  darwini.  These  data,  thenJ'^'^''' 
indicate  that  small  mammal  densities  are  highly' 
variable  in  these  Mediterranean-type  ecosystems,! 
but  that  the  fluctuations  in  Chile  may  be  more 
extreme.  Some  Chilean  sites  never  achieved  den-tt  P' 
sities  as  high  as  their  California  counterparts 
but  we  have  data  from  at  most  two  years  for  eaclj'™'-' 
site,  and  further  long-term  studies  may  find  thf 
these  populations  also  occasionally  show  rodent 
outbreaks . 
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MORPHOLOGICAL   COUNTERPARTS 
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Several  of  the  Chilean  small  mammal  genera 
strikingly  resemble  certain  California  genera  i: 
morphological  characters .   The  Chilean  leaf-ear 
mouse,  Phyllotis  darwini,  and  the  rice  rat, 
Oryzomys  longicaudatus ,  are  very  similar  to  the' 
North  American  Peromyscus  species,  all  being 
small  mice  with  large  eyes,  large  ears,  and  Ion 
tails.   All  are  in  the  family  Cricetidae,  howev . 
and  also  resemble  other  genera  that  inhabit  oth 
habitats,  so  their  morphological  similarity  mayff" 
not  necessarily  indicate  convergence.   A  more  ' ''^ 
striking  example  of  morphological  convergence 
involves  the  California  woodrats,  genus  Neotoma 
and  the  Chilean  hystricognath  rodents  of  the 
genera  Abrocoma  and  Octodon.   These  large  roden  ■ 
are  very  distantly  related,  but  are  very  simila 
in  ear  and  tail  length,  body  size,  and  colorati . 
The  most  obvious  morphological  counterparts  are 
the  fossorial  rodents  of  these  regions,  the  gop i 
Thomomys  bottae  in  California  and  the  coruro 
Spalacopus  cyanus  in  Chile.   Both  have  reduced 
eyes,  ears,  and  tail,  elongated  claws,  and  stou 
incisors  and  cranial  structure,  all  of  which  ar 
characteristics  found  in  unrelated  groups  of 
burrowing  rodents  throughout  the  world.   They 
therefore  exhibit  convergence,  but  in  a  way  tha  pt 
is  not  specific  to  Mediterranean-type  ecosysten 
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Most  other  small  mammals  of  the  two  region^'Tce 
are  more  difficult  to  match  with  a  morphologies  No 
counterpart  on  the  other  continent.   The  shrew  *se 
Notiosorex  and  the  mouse  opossum  Marmosa  show 
virtually  no  anatomical  resemblance,  but  both 
have  dental  adaptations  for  handling  insects  ar  W 
other  animal  prey.   The  Chilean  cricetid  mice  c 
the  genus  Akodon  vaguely  resemble  North  AmericE  fki 
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(n,idow  mice,  genus  Mlcrotus,  both  having  rela- 
t/ely  short  ears  and  tails,  stocky  bodies,  long 
ciws,  and  little  dorso-ventral  countershading. 
M:rotus,  however,  is  much  more  extreme  in  all  of 
t,;se  features  and  has  a  highly  specialized  herb- 
i')rous  dentition,  while  most  Akodon  species  are 
iD,"phologically  generalized  mice,  showing  no 
mior  differences  from  other  cricetids.   The  Cal- 
i)rnia  Sciuridae,  including  the  chipmunks 
( itamias)  and  the  ground  squirrels  (Spermophilus) 
h 'e  no  obvious  morphological  equivalents  in  Chile. 
T;  Chilean  hystricognath  Octodon  degus  is  diurnal, 
s'.ial,  and  a  rough  ecological  analog  of  many 
N;th  American  ground  squirrels  (Fulk  1976;  Glanz 
1 '7b) ,  but  is  much  smaller  in  size,  and  more 
s  lilar  to  the  woodrats  in  body  proportions. 
P|-haps  the  most  conspicuous  absences  from  the 
Clean  fauna  are  counterparts  for  the  North 
Airican  kangaroo  rats  and  pocket  mice,  family 
H,:eromyidae.   No  Chilean  rodent  has  the  cheek 
piches,  large  auditory  bullae,  and  adaptations 
f  ■  bipedal  locomotion  of  the  California  hetero- 
m.ds,  nor  their  specializations  for  seed-eating 
al  water  retention  (Glanz  1977a;  Meserve  1978). 

This  brief  review  suggests  that  although  some 
g)ups  on  each  continent  are  morphologically  con- 
vgent,  the  Chilean  fauna  has  a  lower  diversity 
0  structural  adaptations.   The  California  comm- 
u.ties  have  more  species  with  morphological 
c,iracteristics  that  have  no  counterpart  in  Chile. 
A  lore  rigorous  morphological  analysis  (Glanz 
1 '7a)  confirms  these  general  conclusions. 

H,;iTAT  SELECTION 

Although  the  data  on  species  diversity  and 
mijphological  adaptations  suggest  some  important 
d:,ferences  between  the  small  mammals  of  Califor- 
n:.  and  Chile,  they  do  not  deal  directly  with  the 
e<  logical  roles  of  these  animals  in  their  comm- 
uities.   In  the  next  sections  we  will  discuss 
tl.  patterns  of  resource  use  by  small  mammals  in 
tl  two  regions,  focusing  primarily  on  the  util- 
iition  of  habitat  and  food. 

Intercontinental  comparisons  of  habitat 
selection  can  be  difficult  if  great  differences 
ej|St  in  the  available  habitat  features.   In  our 
St  dies,  for  example,  Chilean  sites  often  had 
mce  herbaceous  cover  and  a  higher  proportion  of 
S{ny  shrubs  than  their  California  counterparts, 
ar  therefore  selective  use  of  these  habitat 
t)es  may  have  been  more  likely  to  evolve  in 
CHe.   To  simplify  our  discussion  here,  we  will 
ccsider  only  certain  features  that  were  compar- 
at  2  between  analogous  sites. 

Percent  shrub  cover  was  virtually  identical 
beveen  our  analogous  sites,  but  the  community 
re^onse  to  this  habitat  variable  was  noticeably 
iiferent  in  the  two  regions.   Meserve 's  (1976b 
at  1981b)  2  X  k  association  analysis  of  the  dry 
vestal  sites  found  that  Peromyscus  calif ornicus 
11^  P.  eremicus  were  associated  with  trap  stations 
■"^i-ng  high  shrub  cover  (>75  percent) in  California. 
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Figure  1.  Comparison  of  shrub  cover  values  (mean, 
2  standard  errors,  and  1  standard  deviation)  of 
capture  locations  for  each  species  with  those  of 
all  trap  stations  at  each  moist  coastal  site. 
Species  codes  are  from  Table  1. 

P^.  calif  ornicus  and  a  third  species,  Neotoma 
fuscipes  were  much  more  common  in  dense  shrublands 
adjacent  to  the  more  open  study  site,  which  also 
implies  preferences  for  high  shrub  cover.   In 
contrast,  stations  with  low  shrub  cover  (<50  per- 
cent) were  significantly  preferred  by  two  other 
species,  Dipodomys  agilis  and  Peromyscus  manicu- 
latus .   At  the  Chilean  dry  coastal  site,  two 
species,  Akodon  longipilis  and  Phyllotis  darwini , 
showed  associations  with  moderate  to  high  cover 
(51  to  100  percent) ,  but  no  species  preferred 
stations  with  low  shrub  cover. 

Shrub  cover  selection  by  small  mammals  at  the 
moist  coastal  sites  (Glanz  1977a)  is  depicted  in 
figure  1,  and  it  shows  a  similar  intercontinental 
pattern.   At  the  California  site,  P^.  californicus 
and  N.  fuscipes  chose  trap  stations  with  shrub 
cover  significantly  higher  than  the  site  average, 
while  two  other  species,  Perognathus  fallax  and 
P.  maniculatus  significantly  preferred  stations 
with  low  shrub  cover.   At  the  corresponding 
Chilean  sites,  two  species,  A.  longipilis  and 
Octodon  lunatus,  were  trapped  at  stations  with 
shrub  cover  significantly  above  the  site  mean, 
while  no  species  significantly  chose  low-cover 
stations.   An  analysis  of  shrub  cover  selection 
at  the  evergreen  chaparral  sites  (Glanz  1977a) 
produced  similar  results.   Preferences  for  high 
cover  stations  were  significant  for  certain 
species  on  both  continents,  with  Peromyscus  boylii, 
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p.  californicus,  and  N^.  fuscipes  selecting  such 
habitats  in  California,  and  Rattus  rattus,  A. 
longipilis,  0^.  lunatus,  and  £.  degus  doing  so  in 
Chile.   Preferences  for  low-cover  stations,  how- 
ever, were  again  evident  only  in  California,  by 
D.  agills  and  P^.  maniculatus . 

Several  consistent  patterns  emerge  from  these 
data.   First,  species  that  prefer  dense  cover  are 
relatively  predictable  from  site  to  site  within 
continents;  these  usually  include  some  of  the 
larger  mice  (notably  P^.  californicus  in  California 
and  A.  longipilis  in  Chile)  and  the  large  woodrat 
N.  fuscipes  or  its  analogs  (especially  0.  lunatus) . 
Most  of  these  high-cover  species  have  ranges 
closely  associated  with  Mediterranean  scrub  and 
associated  forest  and  scrub  ecosystems.   Next, 
Chile  very  obviously  lacks  species  that  prefer 
low-cover  habitats,  while  California  has  several. 
Finally,  at  all  the  California  sites  the  species 
that  choose  open  habitats  always  include  one 
heteromyid  (Dipodomys  or  Perognathus  species)  and 
one  small  cricetid,  P^.  maniculatus .   Heteromyids 
are  dominant  members  of  desert  rodent  communities 
in  North  America,  while  _P.  maniculatus  is  very 
widespread  on  the  continent  and  frequently 
occupies  arid  and  marginal  habitats. 

Rocky  habitats  also  provide  important  cover 
to  many  species.   The  dry  coastal  sites  had  very 
few  rocky  stations  and  this  variable  was  not 
studied  there.   At  the  moist  coastal  sites,  three 
Chilean  species  (0.    lunatus,  P^.  darwini,  and  A. 
longipilis)  were  usually  trapped  near  rocks,  but 
these  preferences  were  not  significant,  possibly 
because  of  few  rocky  trap  stations.   More  rocky 
habitats  were  sampled  at  the  evergreen  chaparral 
sites,  and  the  two  communities  showed  contrasting 
trends.   While  both  localities  had  species  with 
significant  preferences  for  rocky  cover  (P.  boylii, 
P^.  eremicus,  and  Perognathus  californicus  in  Cal- 
ifornia, 0^.  lunatus  and  M.  elegans  in  Chile,  Cal- 
ifornia had  two  that  significantly  avoided  rocky 
stations  (£.  agilis  and  P^.  maniculatus)  and  Chile 
had  none.   Other  evidence  from  the  small  snap-trap 
plots  suggests  Chilean  mammals  favor  rocky  areas. 
Average  density  on  these  grids  in  Chile  tended  to 
increase  with  percent  rock  cover  (r=.51;  .05<p< 
.10),  while  no  such  relationship  was  evident  in 
California  (r=-.09). 

Meserve's  smoked-card  tracking  data  (1976b, 
1981b)  revealed  differences  in  another  pattern  of 
habitat  use,  arboreal  activity.   In  California, 
20.4  to  28.5  percent  of  all  tracking  records  were 
in  the  shrub  foliage,  while  only  3.1  percent  of 
all  Chilean  records  were  above  ground,  a  striking 
difference  in  the  utilization  of  these  habitat 
zones . 

These  patterns  in  the  use  of  shrub  cover, 
rocky  cover,  and  above-ground  habitats  suggest 
that  Chilean  communities  of  small  mammals  utilize 
a  smaller  range  of  habitats,  preferring  those  with 
greatest  cover,  and  that  individual  species  may  be 
more  similar  in  their  habitat  preferences  than  in 
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Assuming  that  the  similar  vegetation  patter; 
and  climates  of  these  regions  produce  similar  v 
ieties  of  potential  foods  for  mammals,  one  woulc 
expect  to  find  similar  dietary  patterns  in  these 
communities.  Our  analyses  of  mammal  food  habits 
however,  show  some  remarkable  contrasts.  Mesen 
(1976a,  1981a)  compiled  dietary  data  throughout 
the  annual  cycle  at  the  dry  coastal  site,  while 
Glanz  (1977a)  restricted  his  analyses  to  spring 
and  summer  seasons  only.  Since  food  habits  var5 
considerably  over  the  seasons,  we  will  restrict 
our  comparisons  here  to  just  spring  and  summer 
results.  Figure  2  summarizes  the  diets  of  most 
species  at  the  three  site  types.  Spring  and  sui 
results  have  been  averaged,  and  the  food  types 
have  been  combined  into  three  general  categories 
vegetative  parts  of  plants,  seeds  and  fruits,  ai 
animal  material.  In  this  figure,  each  apex  repi 
sents  a  diet  composed  entirely  of  that  food  typ( 
The  further  a  species  is  from  an  apex,  the  lowei 
the  proportion  of  that  food  type  in  the  diet. 


Several  points  are  immediately  apparent  froiN^ 
these  diagrams.   First,  most  communities  had  onv„ 
to  three  leaf -eating  species,  and  these  always 
included  the  larger  genera  Abrocoma,  Octodon,  ai 
Neotoma.   The  diets  of  these  "woodrat"  analogs, 
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thus,  seem  to  have  converged  on  leaves,  parties 
larly  shrub  foliage,  as  the  principal  food.  Thi 
Octodon  species,  however,  ate  more  herb  leaves, 
and  in  some  seasons  seeds  and  fruits  comprised 
to  45  percent  of  their  diet  (Glanz  1977a;  Meser 
1981a). 

Most  communities  also  included  species  that 
fed  largely  on  seeds,  but  California  sites  usua 
had  more  species  in  this  category.  The  heterom 
genera  Dipodomys  and  Perognathus  were  always  see 
specialists  at  these  sites,  as  they  usually  are 
most  arid  communities.   Most  California  Peromys 
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were  more  omnivorous,  but  still  fed  extensively 
seeds,  particularly  at  the  evergreen  chaparral 
site.   Two  species,  P^.  eremicus  and  P^.  manicula 


ate  substantial  proportions  of  leaves  or  insect 
at  each  of  the  coastal  sites,  but  averaged  betw 
45  and  70  percent  seeds  in  every  community.  In 
contrast  to  the  emphasis  on  granivory  in  Califo 
only  two  Chilean  species,  0.  longicaudatus  and 
darwini,  fed  primarily  on  seeds.  Neither  was  a 
specialized  on  seeds  as  the  heteromyid  species 
comparable  California  sites,  and  Phyllotis  was 
seasonally  very  herbivorous  at  the  evergreen  ch 
arral  site.  Thus,  in  food  habits  as  in  the  com 
parisons  of  habitat  use,  Chilean  Mediterranean 
scrub  communities  seemed  to  lack  an  analog  for 
the  kangaroo  rats  and  pocket  mice  of  North  Amer 
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;ure  2,  Food  habits  of  small  mammals  at  each 
e  expressed  as  proportions  of  diets  for  each 
id  type.   See  text  for  detailed  discussion. 
cies  codes  are  from  Table  1. 

A  final  point  is  even  more  obvious  from  Figure 
California  had  no  primarily  insectivorous 
cies,  while  Chile  had  two.   The  mouse  opossum, 
elegans,  was  almost  entirely  insectivorous. 


le  A.  longipilis  fed  seasonally  from  33  to  73 
cent  on  invertebrates.  A.  olivaceus  showed 
liar,  but  more  omnivorous  feeding  trends,  with 
ects  comprising  from  13  to  55  percent  of  its 
sonal  diets.   In  addition  to  invertebrates, 
11  lizards  were  occasionally  found  in  the  diets 
both  M.  elegans  and  A.  olivaceus.   These  Chilean 
cies,  then,  are  trophically  distinct  from  the 
11  mammals  studied  in  California. 


CUSSION 

The  preceding  data  outline  some  possible 
mples  of  ecological  convergence,  but  emphasize 
e  interesting  cases  of  "nonconvergence"  in  the 
anization  of  these  mammal  communities.   These 
terns  raise  numerous  questions  regarding  the 
lutionary  pathways  followed  by  the  different 
nal  lineages,  and  the  relative  importance  of 


environmental  vs.  phylogenetic  factors  on  such 
evolution.   We  would  now  like  to  present  several 
major  questions  raised  by  our  data  and  speculate 
on  some  alternative  answers  to  these  questions. 

First,  why  are  small  mammals  in  Chile  so 
insectivorous?   Conceivably  other  animals  could  be 
assuming  this  trophic  role  in  California.   Shrews, 
for  example,  are  the  dominant  insectivorous  mammals 
elsewhere  in  North  America,  and  we  certainly  did 
not  sample  adequately  our  one  species,  Notiosorex 
crawf ordi .   Considering  how  infrequently  we 
trapped,  sighted  or  found  evidence  of  this  species, 
however,  we  doubt  that  it  is  as  common  as  Marmosa 
and  Akod on  species  are  at  corresponding  sites  in 
Chile,  but  we  urge  further  study  of  this  interes- 
ting shrew.   Insects  may  be  more  abundant  and  more 
predictable  in  Chile,  and  therefore  may  offer  more 
opportunities  for  dietary  specialization  by  mammals. 
Comparative  data  on  flying  insects  of  the  two 
regions  (Mooney  1977,  p.  174)  seem  to  support  this 
idea,  but  more  data  on  ground-dwelling  species 
would  be  helpful.   Alternatively,  Chilean  small 
mammals  may  represent  lineages  that  tend  toward 
insectivory  irrespective  of  available  resources. 
Elsewhere  in  South  America,  most  small  marsupials 
and  many  akodont  rodents  are  also  insectivorous 
(Hershkovitz  1969;  Glanz  1977a;  Pizzimenti  and 
DeSalle  1980),  but  the  diets  of  relatively  few 
species  have  been  studied.   Morton  (1979),  in  his 
comparison  of  North  American  and  Australian  desert 
mammals,  found  a  strong  bias  toward  insectivory  in 
the  marsupial-dominated  Australian  fauna. 

Why  is  the  Chilean  fauna  less  diverse?   We  have 
mentioned  above  the  hypotheses  of  Baker  (1978) 
relating  faunal  size  to  geographic  isolation  and 
the  relatively  small  area  of  temperate  South  Amer- 
ica.  The  mammal  fauna  of  Chile's  scrub  zone,  then, 
may  be  a  subsample  drawn  from  a  more  depauperate 
zoogeographic  source  than  for  the  California  fauna. 
Clearly,  more  studies  of  their  phylogenetic  rela- 
tionships to  other  temperate  and  tropical  faunas 
will  be  necessary  to  properly  test  this  idea. 
Equally  important  will  be  studies  of  faunal  isola- 
tion through  time.   The  Chilean  Mediterranean  zone 
is  currently  separated  from  other  scrub  habitats 
by  the  Atacama  desert,  the  Andes,  and  the  Valdivian 
forests,  but  it  is  unclear  how  important  these 
barriers  have  been  in  limiting  dispersal  by  diff- 
erent mammal  groups.   Speciation  patterns  within 
Chile  may  also  have  limited  mammal  diversity 
(Fuentes  and  Jaksic  1979)  and  certainly  require 
more  study. 

Finally,  why  have  no  Chilean  mammals  evolved 
into  a  heteromyid  analog,  specializing  on  seeds  and 
open  habitats?   First,  Mares  (1976)  has  found  that 
no  South  American  rodents  are  as  morphologically 
specialized  for  open  habitat  as  the  heteromyids, 
and  that  historical  factors  provide  plausible 
explanations  for  this  contrast.   Nevertheless,  some 
rodents  of  other  South  American  scrub  areas,  such 
as  Eligmodontia  typus  of  Argentine  deserts,  show 
more  arid  adaptations  than  any  Chilean  rodent,  so 
additional  factors  may  have  influenced  the  Chilean 
fauna.   Perhaps  the  extreme  fluctuations  of  rainfall 
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in  the  semi-arid  zones  of  Chile  (Fulk  1975;  Mooney 
1977)  produce  less  dependable  food  supplies  in  open 
habitats  than  in  California.   More  likely,  the 
availability  of  these  open  areas  may  have  been 
different  through  evolutionary  history.   The  Cal- 
ifornia flora  has  many  fire-adapted  species  (Mooney 
1977),  and  fires  have  probably  been  frequent  in  the 
past,  creating  open  habitats  with  which  many  rodents 
have  coevolved  (Quinn  1980).   In  contrast,  the 
Chilean  flora  has  few  fire  adaptations,  fire  has 
probably  been  less  important  there,  and  no  rodents 
have  coevolved  with  such  disturbance.   Most  open 
habitats  in  the  present  scrub  zones  of  Chile  may 
be  associated  with  recent  land  use  practices  by 
humans  (see  Bahre  1979;  Mooney  1977),  and  the  local 
mammals  have  not  specialized  on  these  disturbances. 
Finally  our  data  show  that  certain  opportunistic 
species  (especially  P^.  darwini  and  A.  olivaeus)  do 
use  these  open  habitats,  but  primarily  at  peak  den- 
sities, when  other  habitats  are  also  occupied. 
They  thus  may  be  analogs  of  the  similarly  opportu- 
nistic and  eruptive  P^.  maniculatus,  which  occupies 
low-cover  habitats  in  California.   Additional  eco- 
logical and  behavioral  comparisons  of  these  species 
might  prove  very  interesting. 

The  small  mammal  faunas  of  California  and 
Chile,  thus,  show  some  striking  differences  in 
certain  ecological  features.   We  hope  that  our 
discussion  of  these  examples  of  "nonconvergence" 
will  stimulate  further  research  on  these  animals. 
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Int  Patterning  in  the  Chilean  Matorral:  Are 
1  Roles  of  Native  and  Exotic  Mammals 
irerent?^ 


xardo  R.  Fuentes  and  Javier  A.  Simonetti" 


Abstract :   Native  and  exotic  mammals  have  differ- 
ent effects  on  the  matorral  vegetation,   (A)  Large 
mammals  (guanacos  vs  goats)  differ  in  that  native 
guanacos  are  only  minor  browsers,  whereas  goats 
use  shrubs  more  extensively.   Differences  between 
goats  and  shrub-defoliating  insects  provide  addi- 
tional evidence  that  goats  are  a  novel  perturba- 
tion on  the  matorral  vegetation.   (B)  European 
rabbits  and  their  native  counterparts  differ  in 
their  effects  on  shrub  seedlings  and  on  native 
perennial  herbs.   Native  small  mammals  affect  only 
the  periphery  of  antipredator  refuges.   Rabbits 
are  infrequently  preyed  upon,  do  not  exhibit  such 
habitat  restriction,  and  show  a  more  extensive 
effect.   Implications  for  matorral  renewal  are 
discussed . 


ammals  and  the  matorral  vegetation  have  recip- 
oil  effects  on  each  other's  distribution  and 
bidance.   On  the  one  hand,  shrubs,  herbs,  and 
rsses  provide  food  and  cover  for  matorral  mam- 
a;  (Jaksid  and  others  1980;  see  also  the  chapter 
y>i.  Glanz  and  P.  Reserve  in  this  volume).   On 
h  other  hand,  the  use  that  mammals  make  of  the 
a. tat  can  have  several  consequences  for  the 
lits,  affecting  their  distribution  and  abun- 
a  :e. 

lere,  we  will  examine  the  question:   are  the 
O's  played  by  native  matorral  mammals  the  same 
s  :he  ones  shown  by  alien  species  recently  intro- 
u;d? 

here  are  at  least  two  reasons  why  it  is  impor- 
a  to  know  the  answer  to  this  question.   First, 
h  introduced  mammals  we  will  be  referring  to, 
,0.  s  and  rabbits,  are  of  economic  importance  for 
h  subsistence  of  a  relatively  large  human  popu- 
a  on  in  central  Chile  (Fuentes  and  Hajek  1979). 

ifferent  management  procedures  would  be  de- 
i' d  depending  on  the  degree  of  similarity  one 
ii  overed .   At  one  extreme,  exotic  species  could 
irc  uce  consequences  similar  to  those  of  their 
ir  inal  "analogues,"  but  at  the  other  extreme, 
■t:  cts  induced  by  both  types  of  herbivores  could 
e  ompletely  different.   Whereas  in  the  first 
;ai  the  effects  of  the  introduced  mammals  would, 
l^in  certain  limits,  fall  within  the  naturally 
iVived  resilience  (Holling  1973)  of  the  system, 
.n  he  second  case  the  mammalian  effects  would  be 
1  ivel  perturbation  from  an  evolutionary  point  of 
't<  .   In  this  latter  case,  extreme  care  should  be 
ala,  since  the  system  might  exhibit  very  little 
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h:2. 


tolerance  to  the  new  species.   Here,  only  pre- 
adaptative  traits  would  account  for  any  resilience 
of  the  system. 

The  second  reason  why  the  question  is  important 
relates  to  the  coupling  of  herbivores  to  the  eco- 
system structure. 

Herbivores  as  a  link  between  producers  and  car- 
nivores have  been  selected  not  only  for  their  ca- 
pacity to  eat  tissues  of  certain  plants  but  also 
for  their  ability  to  avoid  predation.   Hence,  only 
a  fraction  of  all  a  priori  possible  links  between 
plants  and  mammals  are  usually  observable  in  any 
given  ecosystem.   However,  since  in  a  field  situa- 
tion there  are  usually  no  "controls,"  it  is  not 
possible  to  disentangle  those  links  related  to 
feeding  preferences  and  from  those  associated  with 
constraints  imposed  by  predators,  the  plants,  or 
abiotic  factors.   We  believe  that  the  comparison 
of  native  and  exotic  species  of  herbivores,  with 
the  latter  acting  somewhat  as  evolutionary  con- 
trols, can  aid  in  the  understanding  of  these 
relationships . 

In  this  paper,  we  first  discuss  the  role  of  the 
European  rabbit  (Oryctolagus  cuniculus) ,  recently 
introduced  to  Chile  (Housse  1953).   This  rabbit  is 
compared  with  its  native  counterpart,  the  diurnal 
rodent  degu  (Octodon  degus)  and  to  some  extent 
with  vizcacha  (Lagidium  viscacia).   There  are  no 
native  rabbits  in  Chile  (see  Osgood  1943).   After 
these  comparisons,  we  will  discuss  some  differ- 
ences between  the  present  ecological  impact  of 
introduced  goats  and  the  impact  of  guanaco  (Lama 
guanicoe),  a  counterpart  of  goats.   Finally,  we 
will  discuss  the  role  of  mammals  within  a  more 
general  framework  of  matorral  herb  ivory. 


CCMPARISON  BETWEEN  SMALL  MAMMALS 

Degus  as  well  as  vizcachas,  two  analogues  in 
body  size,  general  food  habits,  and  habitat  of  the 
rabbit,  are  known  to  exhibit  a  strong  preference 
for  microhabitat  in  the  neighborhood  of  rock  out- 
crops and  large  protecting  bushes  (Pearson  19A8, 
Le  BoulengI  and  Fuentes  1978)  (fig.  la,  b).   Chin- 
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chilla  rat  (Abrocoma  bennetti)  is  the  third  possi- 
ble native  counterpart  to  rabbits  by  size  and  food 
habits,  but  since  its  density  is  usually  quite  low 
and  it  is  generally  found  at  the  same  trapping 
spots  as  degus  (Jaksid  and  others  1980),  its 
effect  is  also  likely  to  be  very  similar  to  the 
one  we  will  describe  for  degus. 

Although  all  the  above  animals  venture  short 
distances  away  from  these  refuges,  they  do  so  for 
very  short  times  and  apparently  incur  great  preda- 
tion  risks.   Vizcachas  are  taken  by  foxes  (Dusi- 
cyon  culpaeus)  (Pearson  19A8),  and  other  car- 
nivores  (Pearson  1951)  whereas  degus  and  chin- 
chilla rat  are  frequently  preyed  upon  by  two 
species  of  foxes  and  several  raptors  (for  a  re- 
view, see  Jaksii  and  others  1981). 

The  European  rabbit,  on  the  other  hand,  exhib- 
its a  somewhat  different  behavior  contrasting  to 
that  of  the  native  species  (fig.  la,  b).   In  the 
matorral,  adult  rabbits  tend  to  use  the  open 
spaces  far  from  the  above-mentioned  refuges 
(Jaksid  and  others  1979).   Simonetti  and  Fuentes 
(1981)  confirmed  these  results  and  have  also  shown 
that  small,  juvenile  rabbit  individuals  tend  to 
use  the  neighborhood  of  refuges,  just  like  degus, 
and  that  as  they  become  progressively  larger  they 
concomitantly  become  users  of  the  open  spaces 
(fig.  lb,  c).   Nevertheless,  in  the  Chilean  mator- 
ral actual  predation  upon  rabbits  seems  negligible 
(Jaksid  and  others  1979,  Jaksid  and  Soriguer  1981) 
in  spite  of  the  existence  of  a  conspicuous  array 
of  potential  predators.   That  is,  there  are  poten- 
tial predators  but  these  do  not  eat  rabbits. 

On  the  other  hand,  in  Spain  where  the  rabbit  is 
native,  its  microdistribution  pattern  is  similar 
to  that  exhibited  by  degus  and  vizcachas  in  Chile; 
it  is  restricted  to  the  neighborhood  of  protecting 
refuges  (Jaksid  and  Soriguer  1981),   In  Spain, 
rabbits  are  known  to  be  heavily  preyed  upon  by 
several  predators  (Jaksid  and  Soriguer  1981). 
Moreover,  whereas  in  Spain  rabbits  strongly  prefer 
habitats  with  high  shrub  cover,  presumably  pro- 
tecting them  from  predators,  in  Chile  they  exhibit 
just  the  opposite  trend  (Fuentes  and  Jaksid  1980, 
Jaksid  and  Soriguer  1981).   It  therefore  seems 
that  juvenile  rabbits  born  in  Chile  behave  as  they 
would  in  the  Spanish  maquis  and  only  later  use  the 
open,  predation-safe  spaces  of  central  Chile 
(Simonetti  and  Fuentes  1981). 

These  differences  between  rabbits  and  native 
matorral  species,  plus  the  differences  exhibited 
by  rabbits  in  similar  habitats  in  Chile  and  Spain, 
but  unaer  different  predation  pressures,  suggest 
that  in  Chile  rabbits  exhibit  habitat  release 
associated  with  reduced  predation  pressure 
(Fuentes  and  Jaksid  1980,  Jaksid  and  Soriguer 
1981).   Thus,  the  lack  of  an  effective  coupling 
between  Chilean  predators  and  rabbits  can  be 
related  to  an  important  extension  in  the  pattern 
of  mtcrohabitat  use  by  rabbits  in  Chile,   This 
habitat  release  also  occurs  in  zones  where  degus 
are  absent,  indicating  that  it  is  not  competition 
that  drives  rabbits  out  of  the  refuges. 
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Figure  1 — Relative  activity  of  small  mammals. 
Ordinate  is  density  of  feces  ±2  SE  of  the  mean, 
whereas  abscissa  is  distance  to  nearest  refuge 
(rock  outcrop  or  large  shrub) ,   (a)  Vizcachas 
(dark  columns)  versus  adult  rabbits  (light  col- 
umns), (b)  Degus  (light  dots)  versus  adult  rabbi  '*! 
(black  dots)  (redrawn  from  Jaksid  and  others 
1979a).  (c)  Small  rabbits  under  250  mm  length  (r 
drawn  from  Simonetti  and  Fuentes  1981).   Curves 
were  drawn  by  eye.   Notice  that  vizcachas,  degus 
and  small  rabbits  tend  to  use  the  neighborhood  c 
refuges  preferentially,  whereas  adult  rabbits  dc 
exactly  the  opposite.  See  the  text  for  discussic 


We  will  now  discuss  the  question:   are  the 
p  ferences  of  these  two  mammals  for  the  vegeta- 
t  n  the  same  or  not?   The  significance  of  this 
qvstion  lies  in  that  both  niche  dimensions, 
■:  rohabitat  use,  and  food  preferences  are  impor- 
t.it  in  comparing  the  potential  impacts  of  the 
5  cies  on  the  vegetation. 

The  answer  to  the  above  question  was  obtained 
ti  ough  pairwise  "cafeteria  tests"  using  four  ccm- 
ni  species  of  matorral  shrubs:   Colliguaya  odori- 
f<  a  (huphorbiaceae) ,  Kageneckia  oblonga  (Rosa- 
Cie),  Lithraea  caustica  (Anacardiaceae) ,  and 
^)  llaja  saponaria  (Rosaceae).   Methods  as  well  as 
nults  are  explained  in  detail  by  Fuentes  and 
Eh^garay  (198U)  and  Fuentes  and  Simonetti  (un- 
pi  lished  manuscript).   In  brief,  results  show 
tit  rabbits  and  degus  eat  mature  leaves  of  all 
f(  r  shrub  species,  although  they  clearly  exhibit 
1:  ferent  preferences  in  the  pairwise  comparisons 
(ible  la).   In  addition  Simonetti  and  Montenegro 
(^80),  following  a  somewhat  different  methodol- 
Oj ,  report  that  degus  distinguish  less  between 
ycng  leaves  of  these  species  than  between  old 
bves,  and  they  do  discriminate  between  new  and 
luure  leaves  within  one  species.   The  extent  to 
rf  ch  this  latter  pattern  holds  for  rabbits  is 
mnown,  but  it  is  not  unlikely  that  its  prefer- 
Jies  for  young  tissues  are  broader  than  for  the 
jler  sclerified  ones. 

At  any  rate,  the  cues  used  by  these  animals  in 
Stecting  leaves  are  likely  to  be  different. 
l(eover,  both  mammals  seem  capable  of  eating  a 
biad  spectrum  of  shrub  species. 

how  do  the  above-mentioned  differences  in 
D'rohabitat  use  and  leaf  preferences  express 
tlmselves  in  the  field? 

Jaksid  and  Fuentes  (1980)  proved  experimentally 
tit  in  Chile  rabbits  exhibit  a  preference  for 
icive  perennial  herbs  over  the  mediterranean 
Jisses,  and  consequently  are  capable  of  removing 
|]  unprotected  native  herbs  before  their  repro- 
Ution.   Only  the  native  herbs  growing  under 
)ihes  with  ground  level  branches,  which  can  be 
rtched  only  with  difficulty  by  rabbits,  attain 
Jtual  maturity  and  reproduce.   That  is,  where 
Ifas  are  absent,  rabbits  restrict  native  herbs  to 
tf  areas  under  bushes,  whereas  spaces  between 
t^se  shrubs  are  occupied  by  introduced  grasses 
[tely  and  Johnson  1977).   Vvliere  degus  are  pres- 
Ji ,  they  remove  native  perennials  only  from  under 
Cl  shrubs  or  at  most  from  their  periphery  (per- 
Kal  observations).   before  this  effect  of  rab- 
>ls  on  native  herbs  was  known,  the  microhabitat 
iftriction  of  native  herbs,  clearly  dlfferenti- 
i'ag  the  California  chaparral  and  the  Chilean 
Biorral,  was  thought  to  be  a  discrepancy  in 
^wergent  evolution. 

It  is  not  known  what  effect  vizcachas  have  on 
'^\   herb  cover  surrounding  the  large  outcrops 
"Te  they  live,  although  preliminary  observations 
i'-aj6n  del  Maipo,  east  of  Santiago,  suggest  that 
tl'/  might  have  an  effect  that  is  distinguishable 


from  the  microclimatic  effect  produced  by  the  rock 
outcrops. 

In  addition  to  the  effect  on  herbs,  rabbits  and 
degus  modify  the  distribution  of  shrubs  by  alter- 
ing the  survival  chances  of  some  seedlings. 
Simonetti  ard  Fuentes  (unpublished  data),  by 
planting  protected  and  unprotected  Q.  saponaria 
seedlings  on  equator— facing,  ridgetop,  and  polar- 
facing  slopes,  were  able  to  show  that  even  here 
rabbits  do  have  an  important  effect  on  shrub 
renewal.   On  north-facing  slopes,  where  rabbit 
densities  are  highest,  their  killing  effect  is 
considerably  higher  than  on  the  high  cover  south- 
facing  slope,  where  rabbits  are  known  to  be 
scarcer.   Moreover,  the  ridgetop  situation  is 
intermediate  in  both  effect  and  rabbit  density 
(see  fig.  2). 

In  sum,  the  evidence  available  at  present  sug- 
gests that  degus  have  a  different  effect  on  the 
vegetation  from  that  produced  by  rabbits.   The 
main  difference  is  that  predator  efficiency  at 
hunting  degus  confines  their  effect  to  the  periph- 
ery of  protecting  refuges,  whereas  predation  on 
rabbits  does  not  impose  on  them  such  a  restric- 
tion.  It  is  reasonable  then  to  suggest  that 
before  the  recent  introduction  of  rabbits  (Greer 
1965),  seedlings  growing  beyond  6  m  from  protec- 
ting shrubs  or  rock  outcrops  were  safe  from  preda- 
tion, but  that  this  is  no  longer  the  case.   Now, 
all  seedlings  have  high  predation  risks.   Field 
experience  in  the  matorral  shows  that  in  fact  very 
few  seedlings  can  be  found,  and  these  are  only  on 
mesic  slopes  with  high  plant  cover,  where  rabbits 
are  less  common.   Thus,  whereas  on  these  polar- 
facing  slopes  few  seedlings  and  very  few  small 
plants  can  be  found,  on  the  drier  north-facing 
slopes  they  are  almost  nonexistent.   Generation 
time  for  shrubs  may  be  too  long  and  rabbit  intro- 
duction too  recent  for  us  to  know  exactly  what  the 
future  fate  of  the  matorral  will  be.   The  situa- 
tion is  complex,  however,  because  we  do  not  know 
if  changes  in  the  plants'  physical  and  chemical 
composition,  or  modifications  in  potential  rabbit 
predators  (by  becoming  more  efficient)  will  occur 
first  and  thus  modify  the  whole  process.   Our  pre- 
sent knowledge  does  not  allow  us  to  make  an  extra- 
polation. 


LARGER  MAMMALS 

The  effects  of  goats  and  guanacos  have  been 
studied  only  as  far  as  they  concern  large,  mature 
shrubs.   Studies  of  their  comparative  roles  on 
seedling  removal  are  still  in  progress.   There- 
fore, we  mention  only  one  clearcut  example  that 
suggests  seedling  removal  is  also  important  here 
and  that  it  can  be  measured . 

The  only  place  where  guanacos  are  now  kept  in  a 
semiwild  setting,  within  the  matorral  type  of 
ecosystem,  is  in  the  Forest  Reserve  at  Penuelas, 
approximately  90  km  west  of  Santiago.   Here,  the 
Forest  Service  (CONAF)  keeps  two  males  and  three 
females  within  a  large  fenced  area  of  approximately 
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Figure  2 — Seedling  predatlon  by  small  mammals. 
(a)  hquator-facing  slope.   Points  shown  indicate 
only  results  in  areas  far  from  refuges  where  only 
rabbits  are  present.   No  degus  effect  could  be 
detected  here.   (b)  Polar-facing  slope.   Here  the 
slope  is  covered  by  vegetation.   Rabbits  kill 
approximately  twice  as  many  seedlings  as  native 
rodents  (chinchilla  rat,  degus).   Even  so,  about 
70  percent  of  the  seedlings  survive  herbivore 
attacks.   See  text  for  discussion.   (c)  Ridgetop. 
Rabbit  effect  is  intermediate  between  (a)  and  (b), 
but  native  rodents  show  no  detectable  effect. 


12  ha,   A  recent  comparison  made  by  us  (unpub- 
lishea  observations)  shows  that  within  the  fenced 
area  there  are  no  seedlings  or  small  plants  of  the 
matorral  tree  haitenus  boaria  (Celastraceae) , 
whereas  outside  the  fence  and  where  the  vegetation 
is  otherwise  similar,  these  seedlings  are  common. 
"Cafeteria  tests"  showed  that  ualike  what  happens 
with  other  matorral  shrubs  and  trees  (see  later 
discussion),  guanacos  eat  M.  boaria  avidly.   More- 
over, within  the  fenced  area  there  are  large  indi- 
viduals of  h.    boaria,  but  all  their  leaves  up  to 
"guanaco  height"  have  been  eaten,  whereas  the 


» 


large  M.    boaria   individuals  outside   the   fence  dcj 
have    leaves   below  that    level.      These    larger   indii 
viduals  were   probably  established    in   the   area 
before    the   guanacos   were    introduced.      Since   othe 
browsers    like   rodents  and   rabbits  are  equally 
abundant   on  both  sides   of   the    fence,    it   is   reasq 
able   to   suggest   that   it   is  L,.    guanicoe   that   pro-lji 
duces    the   difference    in   the   seedlings    of   M. 
boaria.      It   is   important    that    there  are  no  cattl(i 
horses,    sheep,    or   goats   in  this   part    of   the 
Reserve,    since  we  have   observed    that    these   animc|||it( 
eat  M.    boaria  with   the   same   willingness   as  guan 
cos.      Moreover,    they    seem   capable    of    producing 
exactly   the   same   effects   we  just   described    for 
guanacos . 


i 
lit 


The   effects   of   mammals    on   large   plants   are  gd  ais 
erally  not  as   direct   as   they  are  on   seedlings  o 
herbs.      Whereas  grasses,    herbs,    and   seedlings  a 
killed    in  one  or  at  most   a   few  contacts   with   th< 
herbivore,    thus    producing    a  modification   in    the 
distribution  of   adult  plants,    in   the   case   of 
browsing   on   larger   plants   the   consequence   is   geiBsit 
erally  mediated  by   shrub-shrub   competition  and 
takes   considerably  more   time    (Fuentes  and 
Etch^garay    1981).      This   is  not   to   say   that   the 
effect   cannot  be    immediate,   as  when  overs tockinHie 
produces   direct   elimination  of    the   shrub   cover 
an  area   (see   Fuentes   and  Hajek    1979),    but   as  we 
said   above,    in  general,    the   influence   is  more 
subtle. 
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If  individual  shrubs  were  independent  of  eac 
other — for  example,  if  there  were  no  competitio 
the  fate  of  individual  phenotypes  would,  for  a 
given  mammal  density,  depend  largely  upon  relat 
palatability  and  capacity  to  recover  from  conta  k 
with  the  browsers.   In  fact,  matorral  shrubs  di 
fer  not  only  in  the  amount  of  new  leaves  produc 
after  defoliation  but  also  in  the  pattern  of  su 
production  (Torres  and  others  1980).   Thus,  fo 
example,  L.  caustica  and  C.  odorifera  exhibit 
strong  dissimilarities  in  their  production  of 
leaves  at  25  and  66  percent  defoliation  levels, 
but  not  at  100  percent.   Whereas  L.  caustica 
exhibits  a  compensatory  response  to  25  percent 
defoliation,  not  to  66  percent  but  then  again  t 
100  percent,  the  second  species,  C^.  odorifera, 
responds  only  to  the  two  higher  levels  of  defol 
tion. 


However,  as  Gutilrrez  and  Fuentes  (1979)  anc 
Fuentes  and  Gutilrrez  (1981)  have  shown,  mator 
shrubs  also  exhibit  intraspecif ic  as  well  as 
interspecific  competition.   Furthermore,  compel 
tive  interactions  seem  to  account  for  some  of  1 
successional  patterns  observed  in  the  matorral 
(Fuentes  and  Gutilrrez  1981). 


For  example,  on  mesic  slopes  species  like  L., 
caustica  and  _Q.  saponaria  have  stronger  effect 
species  like  C.  odorifera,  Baccharis  rosmarini 


folia  or  Muehlenbeckia  hastulata  than  vice  vers 


although  they  all  interact  with  each  other  and 
with  themselves  (see  Fuentes  and  Gutilrrez  198'f>~~ 
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1  That  is,  in  addition  to  the  previously  men- 
Dned  individual  responses  to  defoliation,  brows- 
l   pressures  also  modify  the  competitive  perfor- 
iice  of  shrubs.   Defoliation  then  not  only  re- 

es  the  leaf  area  and  consequently  the  future 
ergy  pool  of  a  given  shrub,  but  has  also  an 
jortunity  cost  related  to  unrealized  root  and 
hot  growth,  with  an  eventual  reduction  in  the 
ipetitive  performance,  and  ultimately  exclusion 
)m  the  community  (see  Fuentes  and  others  1981, 

ntes  and  Etchlgaray  1981).   Fuentes  and 

hfgaray  (1981)  present  evidence  suggesting  that 
:ub  herbivory  by  insects,  which  are  the  most 
)ortant  defoliators  in  the  matorral  under  natu- 
conditions,  acts  on  shrub  density  by  altering 

erspecific  competitive  equilibrium.   That  is, 
fause  insects  can  reduce  the  photosynthetic 
uaratus  of  shrubs,  such  shrubs  exhibit  several 
rense  mechanisms  which  in  general  keep  damage  at 
I'  levels.   As  long  as  the  actual  level  is  low 
mgh,  the  plant  is  part  of  the  community;  other- 

e  it  is  excluded  by  less  damaged  competing 
potypes. 


In  the  following  paragraphs,  we  will  summarize 
e  of  the  evidence  regarding  the  role  that 
ive  guanacos  might  have  had  and  the  signifi- 
ce  that  goats  might  be  having  today  in  the 
amies  of  matorral  plants.   This  hypothetical 
roach  v;as  taken  because  guanaco  is  now  extinct 
central  Chile  (Miller  and  others  1973),  except 
the  recently  established  Reserve  of  Penuelas. 
contrast,  since  colonial  times  goats  have  been 
t  of  the  domestic  stock  of  low-income  people  in 
s  part  of  the  country  (Fuentes  and  Hajek  1979). 


as  mostly  grazers  that  use  the  taller  vegetation 
mostly  for  cover.   Along  the  same  lines,  direct 
observations  of  guanacos  feeding  during  late  sum- 
mer in  the  matorral  Reserve  of  Penuelas  show  that 
at  most  37  percent  of  the  bites  of  the  average 
feeding  sequence  are  on  shrubs,  with  the  remaining 
63  percent  being  very  selective  feeding  on  herbs. 
This  37  percent  is  likely  to  be  the  maximum  pro- 
portion of  browsing,  since  during  the  summer  the 
relative  attractiveness  of  the  herb  cover  over 
shrubs  is  at  its  minimum  (Fuentes  and  Jaksid 
1981). 

In  contrast  to  guanacos,  <~'     fs  have  a  much 
higher  browsing  percentage,   lieasurements  at  a 
matorral  site  with  high  shrul  cover  reveal  an 
average  87  percent  of  bites  on  shrubs.   At 
Penuelas  reservation,  with  a  lower  shrub  cover, 
the  corresponding  figure  is  62  percent,  but  still 
considerably  higher  than  the  percentage  given 
above  for  guanacos. 

In  sum,  the  evidence  available  suggests  a 
strong  difference  in  the  browsing/grazing  prefer- 
ences exhibited  by  goats  when  compared  with 
guanacos. 

(b)   Shrub  preferences.   "Cafeteria  tests" 
similar  to  those  previously  reported  for  rabbits 
and  degus  are  shown  in  table  lb.   It  can  be  seen 
that  preferences  by  the  two  herbivores  are  clearly 
dissimilar.   Both  species  prefer  C.  odorifera  over 
L.  caustica,  but  whereas  the  guanaco  does  not  dis- 
tinguish between  the  other  shrub  species  pairs, 
goats  exhibit  a  stronger  dislike  for  L.  caustica . 


The  ideal  experiment  to  compare  guanacos  and 
Its  would  be  to  have  large  separate  areas  with 
•ly  one  of  these  in  each  area,  with  otherwise 
cparable  vegetation.   This  however  cannot  be 
C2,   On  the  one  hand,  there  are  no  extensive 
las  in  central  Chile  where  either  goats,  wood- 
vting,  or  artificial  fires,  singly  or  in  combi- 
icion,  have  not  been  present  within  the  last  30 
ers  or  so.   In  addition  to  the  rabbits  mentioned 
'.cLier,  introduced  hares  (Lepus  europeus)  are 
c;  or  less  common  everywhere  and  their  effect  is 
.ry  partially  understood.   Moreover,  presently 
:> sting  herds  of  goat  have  large  fluctuations  in 
i-5er  between  locations  and  between  years,  with- 
1.  any  reliable  record  of  them. 

:  )n   the  other  hand,  the  few  guanacos  existing  in 
ti  matorral  in  a  semiwild  state  are  at  Penuelas 
:e;rve.   but  here  there  exist  no  detailed  rec- 
ti, either  on  the  initial  and  past  vegetation, 

:;.i)n  the  guanaco  loads  at  various  times.   Because 
fihese  constraints,  we  have  approached  the 
iistion  of  differences  between  the  two  mammals  by 

c.i  yzing  (a)  relative  amounts  of  browsing  and 

.;:;r;ing,  (b)  preferences  for  various  shrub  species 

iriJ.ng  browsing,  and  (c)  field  densities  of  the 

ve^*  herbivores. 

act 

l"!  a)  Browsing/grazing  ratios.   The  best  known 
tiies  of  guanacos  feeding  were  made  by  Raedecke 
^  8)  in  Patagonia,   he  describes  these  animals 


Notice  that  these  are  preferences,  when  eating 
shrubs,  but  do  not  refer  to  consumption  rates. 
Actually,  during  the  experiments  goats  ate  shrubs 
5  to  10  times  faster  than  guanacos,  even  if  there 
was  nothing  else  to  eat.  Guanacos  frequently  pre- 
ferred to  nibble  the  surrounding  Eucalyptus  fence 
instead  of  the  shrubs. 

(c)   Field  densities.   We  do  not  have  direct 
evidence  on  the  former  densities  of  guanacos  in 
the  matorral,  but  they  seem  to  have  been  rela- 
tively low  compared  with  the  present  densities  of 
goats  (see  Gay  1847).   Goats  are  managed  at  very 
high  densities. 

In  sum,  there  is  little  reason  to  expect  that 
browsing  effects  of  goats  are  comparable  to  those 
of  guanacos.   The  high  goat  densities  we  see 
today,  and  their  broad  dietary  preferences  com- 
pared with  guanacos,  are  too  different.   It  is  not 
surprising,  therefore,  that  the  traditional,  un- 
informed "management"  of  such  a  novel  evolutionary 
perturbation  as  goats  has  had  such  disastrous 
effects  on  the  matorral  vegetation.   The  ever- 
green/drought-deciduous matorral  mixtures  north  of 
Santiago  have  been  turned  into  a  desertlike  vege- 
tation, to  a  large  extent  due  to  overstocking  with 
goats  (UNCOD  1977,  Fuentes  and  Hajek  1979).   This 
is  an  unfortunate  example  of  the  desertification 
process  where  solutions  are  still  to  come.   Fur- 
ther south,  however,  in  the  mostly  evergreen 
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Table  1 — Relative  preferences  for  shrubs  in  ^ 
cafeteria  tests  on  native  and  exotic  species 


(a)  SMALL  MAMMALS 

CQ 

CK 

CL 

gK 

QL 

KL 

0.  degus 

+  1 

0 

0 

0 

-1 

0 

0.  cuniculus 

0 

0 

-1 

0 

-1 

0 

(b)   LARGER  MAMMALS 

cu 

CK 

CL 

UK 

QL 

KL 

L.  guanicoe 

0 

0 

+  1 

0 

0 

0 

C.  hircus 

0 

U 

+  1 

0 

+  1 

+  1 

Each  entry  shows  the  result  of  a  pairwise  com- 
parison.  (Goat  data  from  Fuentes  and  Etchigaray 
1980.)   Statistically  significant  preferences  are 
indicated  by  either  +1  or  -1.   An  entry  with  0 
means  differences  are  not  statistically  signifi- 
cant .   C  =  Col liguaya  odorifera,  Q  =  Quillaja 
saponaria,  K  =  Kageneckia  oblonga,  L  =  Lithraea 
caustica.   Entries  are  to  be  read  as  follows:   +1 
means  the  preference  detected  favors  the  first 
species  in  the  plant  species  pair  shown  above;  -1 
means  the  second  species  is  preferred.   Thus,  0. 
degus  prefers  Col liguaya  odorifera  over  Quillaja 
saponaria,  but  prefers  Lithraea  caustica  over 
C^uillaja  saponaria.   None  of  the  four  species 
coincide  in  their  preferences,  and  there  are  no 
closer  similarities  by  either  the  native/exotic 
nor  the  size  similarity  criterion.   See  text  for 
discussion. 


matorral,  more  recent  overstocking  is  also  start- 
ing to  show  its  effects.   In  areas  around  Casa- 
blanca and  Melipilla  (Fuentes  and  Hajek  1979), 
there  is  already  some  heavy  destruction  of  vege- 
tation up  to  the  point  of  strong  sheet  and  gully 
erosion. 

Even  in  the  few  places  where  goats  have  been 
introduced  only  recently  and  in  comparatively  low 
densities,  there  are  still  concomitant  changes  in 
the  vegetation.   These  are  partly  related  to 
selective  feeding  but  are  also  a  by-product  of  the 
earlier-mentioned  competitive  equilibrium  between 
shrubs. 


THE  TWO  KINDS  OF  EFFECTS  OF  MAMMALS  UN  THE 
VEGETATION 

Mammals,  either  large  or  small,  are  capable  of 
exerting  important  effects  on  the  matorral  struc- 
ture . 

One  the  one  hand,  by  selectively  removing  seed- 
lings or  small  individuals  of  some  species  from 
exposed  areas,  herbivores  can  modify  the  "seed- 
ling shadow"  and  thus  the  later  distribution  of 
adult  individuals.   The  available  evidence  here 


points  towards  different  roles  for  native  and 
introduced  herbivores. 

The  situation  with  larger  shrubs  is  more  com- 
plex. As  we  described  earlier,  the  effects  pro- 
duced by  browsers  depend  upon  relative  palatabil 
ties,  response  patterns  to  defoliation,  and  over- 
all competitive  performance  under  browsing  pres- 
sure. In  the  matorral,  where  mammalian  browsing 
does  not  seem  to  have  been  evolutionarily  impor- 
tant, these  factors  do  not  all  follow  parallel 
trends • 


» 


ill 


On  the  other  hand,  the  evolutionary  responses 
of  shrubs  to  insect  herbivory  are  most  likely  to  ' 
be  tied  to  the  insect's  actual  and  potential 
damage  to  the  shrub's  photosynthetic  apparatus. 
Lithraea  caustica  and  C.  odorifera  are  the  two 
extreme  species  in  terms  of  insect  damage  to 
leaves.   In  the  former,  about  13  percent,  and  th 
latter  only  about  2  percent  of  the  yearly  produc  '^i 
photosynthetic  apparatus  is  eliminated  by  insect  ^ 
Based  on  these  results,  Torres  and  others  (1980)- 
hypothesized  that  L..  caustica,  but  perhaps  not  C 
odorifera,  should  exhibit  compensatory  responses! 
at  low  defoliation  levels  comparable  to  the  onesj 
naturally  experienced  during  their  evolutionary 
history.   This  was  shown  to  be  the  case.   More-  B" 
over,  species  that  are  intermediate  with  regard  ^t 
insect  defoliation  also  seem  to  exhibit  interme-B? 
diate  responses  to  defoliation. 

Thus,  before  the  arrival  of  goats,  the  shrub! 
usually  exhibiting  the  largest  damage  on  their 
leaves  also  compensated  the  most  and  thus  an  eqij 
librium  was  established.   But  goats  are  a  truly! 
new  perturbation  in  the  evolutionary  sense.   No 
only  were  there  no  comparable  mammalian  browser 
before,  but  goat  attack  on  shrubs  is  completely 
different  from  that  of  insects.   Whereas  insect: 
attack  L.    caustica  the  most  and  C^.  odorifera  th| 
least,  goats  prefer  to  eat  C.  odorifera  and  allt 
the  other  available  shrub  species  over  L.   caus-i 
tica.   In  addition,  _L.  caustica  is  the  strongest 
plant  competitor  in  mesic  matorral  slopes  (Fuenff.i 
and  Gutierrez  1981).   It  is  not  surprising  ther|- 
fore  that  on  mesic  slopes  goats  initially  produfe 
a  strong  modification  in  the  plant  community  by| 
favoring  an  overdominance  of  L.  caustica  (Torref  \  -i: 
and  others  1980).   Later,  after  their  browsing  M  - 
pressure  has  even  eliminated  _L.  caustica,  the  lll|= 
palatable  cacti  (Trichocereus  spp.)  are  favor edis 
dominants  (Fuentes  and  Hajek  1979).   This  seque;e 
at  its  various  stages  is  a  common  phenomenon 
throughout  distributional  range  of  matorral. 

Clearly  then,  goats,  even  if  managed  at  low 
densities,  are  likely  to  change  the  compositiorof 
matorral.   Moreover,  Fuentes,  Espinosa,  and  Gaiw 
(unpublished  manuscript)  provide  evidence  that 
overgrazing  can  accelerate  erosion  of  the  rathe 
steep  slopes  where  goats  are  kept.   This  is  a 
second  process  that,  when  added  to  the  ones 
described  earlier  for  plant  cover,  also  points 
the  direction  of  matorral  degradation.   In  add 
tion,  Yates  and  Valencia  (1980)  have  shown  thai 
the  plant  composition  of  the  matorral  has  an 
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ortant    effect    on   the   goats'    rate   of    weight    in- 
ase   and   on   their  milk's   fat   content    (Yates   and 
encia    1980).      Therefore,    the  degradation  of    the 
letation   produced  by   these  mammals    in    turn 
ects    the   goats'    productivity   and    their   economic 
;urn.      More   research   is   therefore  needed    to 
ablish  a  viable    long-term   goat  management    tech- 
ue ,    or   if   it   ultimately   becomes  necessary,    to 
ilace  goats  with   some   other   source  of    income. 
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Postburn  Insect  Fauna  in  Southern  California 
ChaparraP 


Don  C.  Force- 


Ecological  studies  of  chaparral  insects  have 
been  badly  neglected.   With  the  exception  of  a 
handful  of  papers  (see  Force  1981b)  stimulated 
by  the  Mediterranean  Scrub  Project  of  the  Inter- 
national Biological  Program  (IBP) ,  there  is  a 
dearth  of  published  information  on  the  subject. 
Those  studies  that  are  in  print  deal  largely  with 
comparisons  between  certain  matorral  insects  from 
Chile  and  chaparral  insects  from  California.  This 
neglect  is  somewhat  surprising  in  that  a  variety 
of  chaparral  plant  and  vertebrate  animal  investi- 
gations have  been  published.   It  appears  that 
more  interest  might  have  been  shown  in  the  insect 
fauna  since,  ostensibly,  it  is  so  intimately  in- 
volved with  these  other  groups  of  organisms. 
Certainly  we  should  be  interested  in  how  and  how 
much  insects  affect  such  things  as  (a)  the 
pollination  of  chaparral  flora,  (b)  the  growth  of 
this  flora  by  their  feeding,  (c)  the  disposition 
of  chaparral  plant  seeds,  (d)  the  postfire  suc- 
cession of  the  chaparral  community  and  (e)  the 
food  chains  of  higher  animals  found  in  chaparral. 
Conversely,  we  would  like  to  know  how  insects  are 
themselves  affected  by  various  other  chaparral 
elements.   As  it  is,  we  know  very  little  about 
variations  in  even  such  fundamental  elements  as 
insect  identities,  abundance,  biomass,  richness 
and  diversity  in  chaparral  of  various  kinds  and 
of  different  ages. 

I  have  reviewed  what  literature  I  could  find 
pertaining  to  the  relationships  of  chaparral  in- 
sects with  the  community  ecology  of  this  vegetation 
(Force  1981b).   Also,  I  have  reviewed  the  postfire 
floral  and  faunal  succession  of  chaparral,  includ- 
ing certain  aspects  of  my  own  study  on  the  early 
(first  3  years)  postfire  succession  of  insects  in 
the  San  Gabriel  Mountains  of  southern  California 
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Abstract:   Extremely  little  is  known  about 
succession  of  insects  in  postfire  chaparral. 
This  4-year  postfire  study  in  the  San  Gabriel 
Mountains  of  southern  California  showed  that 
pollen-nectar  feeders  and  predatory  insects  can 
be  very  abundant  beginning  the  first  spring  afte 
a  burn.   Annual  plants  in  bloom  appeared  to  enti' 
flower  feeders,  and  hence  predators,  into  the   1 
area.   Phytophagous  insects  (other  than  flower 
feeders)  and  parasitic  insects  more  slowly 
established  in  the  burn.   Insect  biomass  tended 
to  peak  annually  in  June  and  July.   There  was  nc 
obvious  correlation  between  insect  biomass  and 
yearly  rainfall.   Fourth-year  insect  richness  ai 
diversity  showed  a  dramatic  increase  after  an 
overall  3-year  decreasing  trend. 


(Force  1981a, b) .  The  present  report  will  cover 
other  aspects  of  the  same  study  and  extend  pre- 
viously reported  data  to  a  total  of  4  years,  wh( 
the  project  was  terminated. 


STUDY  AREA:  METHODS 

From  May  1976  to  December  1979  I  conducted  al 
study  of  postfire  insect  succession  within  the  I 
Dimas  Experimental  Forest  located  in  the  south-| 
central  San  Gabriel  Mountains,  approximately  45| 
east  of  Los  Angeles.  The  actual  study  site  was 
the  northeast  section  of  the  Forest  (see  Mooney 
and  Parsons  1973)  that  burned  November  1975. 
Specifically,  I  measured  those  gross  insect  char 
that  occurred  annually  in  relation  to  the  plant 
changes.  Insect  sampling  consisted  of  periodic 
net  collections  and  observations  of  insects 
(numbers  of  families  and  individuals)  along  a  1 
km  section  of  unmaintained  contour  trail  at  125 
elevation,  as  well  as  collections  and  observati' 
from  a  series  of  100  m^  plots  situated  along  th 
trail.  Plant  sampling  was  undertaken  only  once 
year  (early  summer)  and  consisted  of  line  inter 
cept  counts  (numbers  of  species  and  individuals 
in  addition  to  plot  counts  (Force  1981a, b/,       . 

RESULTS  "^ 

Trophic  Groups 

Figure  1  shows  the  relative  abundances  of  Vc 
ious  insect  trophic  groups  during  the  4-year  pe 
of  postfire  succession  at  San  Dimas.  These  dat 
can  tell  us  something  about  the  availability  o:^ 
resources  for,  and  the  utilization  of  resource; 
insects,  as  well  as  availability  of  insects  as 
resources  themselves  for  other  animals.  Anoth^ 
part  of  the  story  can  be  observed  from  biomass 
calculations,  which  will  be  treated  later. 

Predators  tended  to  peak  each  year  some  timt 
during  the  spring  months  (samples  were  not  take 
until  May  in  1976) ,  mainly  because  of  the  grea1 
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'rure  1 — Relative  abundances  of  various  insect 
biphic  groups  during  4  years  of  postfire 
Jiparral  succession  in  the  San  Dimas  Experimental 
?'est.   The  data  are  in  numbers  of  insects 
J.lected  and/or  observed  per  man/hour. 


libers  of  Coccinellidae  that  emerged  from  hiber- 
Kion  in  the  lower  mountains  at  this  time.  Many 
)  these  beetles  began  to  feed  immediately  if  prey 
'"6  available,  whereas  others  appeared  to  be  mi- 
nting to  lower  altitudes.  The  earlier  activity 
'7  (numbers  peaked  in  March)  as  compared  to 

■  -  1  numbers  peaked  in  May)  was  possibly  related 
:  weather.   The  winter  of  1976-77  was  very  dry 

';h  an  abundance  of  warm  weather  in  early  spring; 
';reas  in  1977-78  precipitation  was  much  above 
final  and  early  spring  temperatures  were  low. 

■  '■   beetles  may,  therefore,  have  been  stimulated 
iio  emerging  from  hibernation  earlier  in  1976-77. 
rcinellids  were  much  less  numerous  in  1979  than 

f  the  two  preceding  years .   The  secondary  peaks 
{predators  seen  in  November  1977  and  September 
f'8  reflect  the  abundance  of  vespid  wasps,  which 
l:her  prey  to  stock  their  nests.   These  particular 
iips,  however,  were  interested  primarily  in  what 
reared  to  be  extrafloral  nectaries  of  oak 
•lercus)  ,  and  perhaps  were  not  acting  as  preda- 
j"s  at  this  time.   They  were  most  numerous  in 
j'8.   Asilid  flies  were  abundant  in  May  1976  and 


were  never  so  abundant  again.   These  insects  must 
have  migrated  into  the  burn  in  great  numbers  from 
outside  sources.   They  were  observed  preying  on 
the  extraordinary  numbers  of  flower-visiting 
insects  (especially  Hymenoptera)  that  were  also 
attracted  to  the  burn  to  take  advantage  of  the  ex- 
tensive bloom  of  annual  plants  that  normally  occurs 
the  first  spring  following  fire. 

Parasitic  insects  reached  their  1977  and  1978 
peak  abundances  in  midsummer.   In  1976,  however, 
the  peak  was  in  May,  and  in  1979  in  May  and  June. 
The  great  majority  of  these  parasites  were  bomby- 
liid  flies,  the  larvae  of  which  are  parasitic  on 
wild  bees  for  the  most  part,  whereas  the  adults 
are  flower  visitors  and  good  pollinators.   It  is 
difficult  to  know  for  certain  what  these  flies 
were  doing  at  various  times  in  chaparral.   It  is 
my  guess,  however,  that  at  the  time  of  their  high- 
est numbers  (May  1976)  they  were  responding  to  the 
abundance  and  variety  of  blooming  annual  plants, 
since  they  were  observed  feeding  on  this  resource 
extensively.   They  were  also  likely  drawn  from 
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outside  the  burn  by  the  profuseness  of  blooming. 
Of  course,  numerous  wild  bees  were  also  present 
and  the  bombyliids  may  have  later  parasitized  bee 
nests  within  the  burn.   (The  Bombyliidae  was  in- 
cluded in  both  the  parasitic  and  the  flower  visit- 
ing trophic  groups.)   In  June  1978  a  moderate 
number  of  blood- feeding  rhagionid  flies  was  present. 
The  number  of  Chalcidoidea  and  Ichneumonoidea 
(Hymenoptera)  whose  larvae  are  parasitic  on  other 
insects  was  extremely  small  in  1976  and  1977.  The 
Ichneumonoidea  were  more  abundant  in  1978  but  the 
Chalcidoidea  were  still  very  sparse.   In  1979  both 
groups  were  slightly  more  numerous.   They  appeared 
to  respond  slowly  to  the  abundant  host  resources 
that  were  available  in  the  early  postfire  years. 

I  am  aware  of  no  other  published  data  on  chap- 
arral insect  predators  and  parasites  that  are 
directly  comparable  with  those  reported  here. 
Atkins  (1977)  published  a  1-year  (1973)  survey  of 
chaparral  insects  from  San  Diego  County,  California; 
but  he  combined  predators  with  parasites,  reported 
the  data  as  diversity  indices,  and  sampled  in  a 
completely  different  manner. 

Flower  visitors  (pollen  and  nectar  feeders)  are 
naturally  influenced  by  plant-blooming  periods. 
These  insects  were  extremely  abundant  in  May  1976 
when  sampling  was  first  initiated  and  at  a  time 
when  blooming  of  annual  plants  was  very  profuse. 
Some  flower  visitors  were  in  the  burn  area  even 
earlier  before  regular  sampling  was  begun;  bomby- 
liid  flies  and  honey  bees  (Apis  mellifera)  were 
moderately  common  early  in  February.   By  late 
February  wild  bees  and  wasps  of  several  families 
were  present.   These  insects  also  must  have  been 
attracted  into  the  burn  by  the  profuse  bloom  of 
annual  plants.   Many  honey  bees  were  probably 
originating  from  domestic  colonies  maintained 
within  several  km  of  the  area  by  apiculturalists ; 
however,  wild  colonies  are  not  uncommon  in  these 
mountains.   The  majority  of  flower  visitors  in  May 
and  June  of  1976  were  bombyliid  flies,  honey  bees, 
and  anthophorid  bees.   Flower  visitors  subsequently 
declined  greatly  during  the  summer  months  as  bloom- 
ing subsided.   By  midsummer  bees  of  all  kinds  were 
less  common  but  more  families  were  represented. 
Butterflies  became  more  abundant  at  this  time, 
especially  the  families  Nymphalidae  and  Pieridae. 
By  October  and  November  of  1976  syrphid  flies  were 
the  most  common  flower  visitors  along  with  a  number 
of  honey  bees.   In  1977  a  few  syrphid  flies  were 
present  early  in  the  spring.   Syrphids  appear  to 
be  important  early  spring  pollinators,  but  there 
was  very  little  blooming  in  1977  until  well  into 
June.   By  July  bombyliid  flies  were  common  flower 
visitors,  honey  bees  were  even  more  abundant,  and 
anthophorid  bees  were  common  in  early  August. 
These  three  groups  represented  the  majority  of 
flower  visitors  in  1977.   By  September  and  October 
about  the  only  flower  insects  remaining  were  a  few 
honey  bees.   The  very  late,  and  seemingly  rather 
poor,  bloom  this  year  may  have  been  caused  by  the 
greatly  subnormal  amount  of  precipitation  that  fell 
during  the  1976-77  winter.   Again  in  1978  syrphid 
flies  were  the  earliest  flower  visitors,  appearing 
in  April  and  becoming  even  more  abundant  in  May. 


In  June  bombyliid  flies  were  abundant  and  several 
butterfly  families  were  common  (Hesperiidae , 
Lycaenidae,  and  Pieridae) ,  but  by  far  the  most 
abundant  insect  (and  the  one  responsible  to  a 
large  degree  for  the  height  of  the  June  peak)  was 
the  Chalcedon  checkerspot  butterfly  (Euphydryas 
chalcedona) ,  a  common  nymphalid  species.   Honey 
bees,  bumble  bees,  and  anthophorid  bees  were  coimt 
in  June  and  July  and  several  other  bee  families 
were  represented  in  lesser  numbers.   Bombyliid 
flies,  anthophorid  bees,  and  honey  bees  were  stilfr' 
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common  in  August  of  1978.   The  April-May-June  pea| 
of  flower  visitors  in  1979  was  dominated  by  bombyi 
liid  flies,  anthophorid  bees,  honey  bees,  lycaeni 
butterflies  and  nymphalid  butterflies.   Megachili 
bees  and  bumble  bees  were  also  common.   The  laterr"* 
peak  in  September  and  October  was  caused  by  great 
numbers  of  honey  bees  and  more  moderate  numbers  d, 
syrphid  flies;  however,  they  were  not  visiting 
flowers  but  rather  were  interested  in  extrafloral 
nectaries  on  scrub  oak.   Bombyliid  flies  were 
abundant  throughout  the  season.   Flower  visiting 
Hymenoptera  were  more  abundant  and  diverse  in  197 
and  1979  than  in  1977  and  1978. 
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Moldenke  (1976,  1977)  has  reported  richness 
(number  of  species)  and  abundance  (number  of  in 
dividuals)  of  flower-visiting  insects  in  chaparra 
He  found  bees  especially  rich  and  abundant  in  hot  'I 
mature  and  burned  chaparral ,  perhaps  because  of  t|p™i 
sparseness  of  low  ground  cover,  thus  providing   j 
ample  space  for  ground  nesting.   Bees  are  also  byl 
far  the  most  important  chaparral  pollinators, 
followed  by  bombyliid  flies.   Moldenke  (1976)  re-|[^™ 
ports,  however,  that  much  of  the  postburn  annual  I P'""' 
flora  is  self-compatible  and,  therefore,  not  de-  :' 
pendent  on  pollinators  for  reproduction.   It  is 
interesting,  then,  that  in  the  San  Dimas  study  su|pt'" 
a  large  influx  of  pollinators  (both  bees  and  bomb!"-' 
liid  flies)  occurred  the  first  year  postfire. 
Apparently  the  annual  plants  were  providing  ample, 
nectar  and  pollen  for  these  flower  feeders  in  ordj  ite 
to  draw  them  from  outside  sources.   But  why  shoul  Nst 
these  plants  expend  so  much  energy  for  this  purpolw 
if  they  are  self-compatible?   Perhaps  self-       F^ 
compatibility  is  a  mechanism  to  insure  their  repr  fssi 
ductive  capabilities  just  in  case  pollinating     ^'s 
insects  are  not  available  for  one  reason  or  anothif'Ui 
Since  many  of  these  annual  plants  bloom  for  only  p't' 
one  season  between  fires,  perhaps  they  cannot  affilp"- 
to  depend  upon  insects  for  their  continued  survivij* 
However,  cross  pollination  by  insects  may  substan  '''' 
tially  increase  seed  set  over  self-pollination.  ' 
this  is  the  case,  these  plants  would  benefit  by 
producing  large  quantities  of  high  quality  nectar 
to  attract  pollinators  into  burn  areas.   If  seed 
set  is  increased  by  cross  pollination,  then  it  is 
clear  that  pollinating  insects  could  be  affecting 
the  plant  population  dynamics  of  the  chaparral  ecc 
system,  in  addition  to  producing  more  food  for  al 
kinds  of  seed-feeding  animals. 

The  other  phytophagous  insects  (all  those  exce 
nectar  and  pollen  feeders)  were  less  abundant  in 
1976  than  in  the  following  years.   This  group  in 
1976  comprised  a  large  number  of  families,  but  nor 
was  very  large  in  numbers  of  individuals.   In  197 
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1  romendous  outbreak  of  Aphididae  occurred  on 
jI  inus  from  March  to  June.   Counts  of  these  in- 
sets were  hopeless  because  of  their  excessive 
"libers;  the  broken  peak  in  figure  1  represents 
ic  their  numbers  might  look  when  graphed.   By  May 
_)il^n   many  Lupinus  plants  in  the  area  were  wilt- 
Li  from  the  effects  of  aphid  feeding.  Coccinellid 
3(tles  were  moderately  numerous  also  (see  preda- 
;c  s  in  fig.  1)  and  were  feeding  on  the  aphids , 
01  the  former  could  not  begin  to  affect  the  aphid 
libers.   Acridid  grasshoppers  were  abundant 
:loughout  most  of  1977,  possibly  because  of  the 
23  remely  dry,  warm  spring  weather.   The  high  num- 
D(  s  of  phytophagous  insects  from  August  to  Novem- 
ere  largely  because  of  acridid  grasshoppers, 
,  ugh  the  family  Miridae  (Hemiptera)  was  also 
/ty  common  in  August,  and  vespid  wasps  became 
il.ndant  in  November.   These  vespids  appeared  to 
3(  feeding  on  extrafloral  nectaries  on  scrub  oak. 
(\. s]  ids  were  arbitrarily  put  into  both  the  pred- 
a1  r  and  phytophagous  groups  since  they  feed  their 
/c  iK-j  on  animal  material,  whereas  adults  feed  on 
ji  ions   plant  material.   Extremely  few  vespids 
/lie   observed  visiting  flowers,  however.)   Again  . 
iil978,  the  phytophagous  insect  fauna  was  quite 
7c  led.   Most  abundant  in  midsummer  were  chryso- 
T«|id  beetles  and  acridid  grasshoppers.   The  peak 
uSeptember  was  caused  mostly  by  anthomyiid  flies, 
7<pid  wasps,  and  acridid  grasshoppers.   These 
g]  s shoppers  were  scarce  in  1979,  however .   The 
pf  k  in  June  and  July  of  that  year  was  largely  the 
:(  sequence  of  large  numbers  of  chrysomelid  beetles 
ai  butterflies  in  the  families  Nymphalidae  and 
Ij^aenidae.   (Butterflies  were  put  into  both  the 
p(.len-nectar  feeding  group  because  of  adult  habits, 
all  the  "other"  phytophagous  group  because  of  lar- 
7<  habits.)   Vespid  wasps  were  common  in  September. 
Pi  tophagous  ants  were  more  common  in  1978  than  in 
tl  two  previous  years  and  became  still  more  abun- 
i.  t  in  1979. 

Overall,  there  may  be  certain  structural  char- 
ai  eristics  that  one  can  discern  in  the  early 
dt  elopment  of  trophic  groups  within  the  chaparral 
ii  ect  community  after  fire.   In  general,  parasitic 
fc;ms  are  scarce  except  for  bombyliid  flies,  whose 
Tiibers  may  be  more  interested  at  this  stage  of 
f.  ral  development  in  gathering  nectar  than  para- 
~  '-::ing  bee  nests.   Parasitic  hymenopterans  are 

;nely  scarce  at  first,  but  become  more  numerous 
b;  the  fourth  postfire  year.   Biting  flies  (e.g., 
Tiianidae,  Hippoboscidae)  that  are  reported  to  be 
fi  rly  common  in  mature  chaparral  are  very  scarce 
a:  er  fire.   Predatory  insects  are  much  more 
a];ndant  and  active  than  parasitic  forms.   This 
ol  ervation  reinforces  the  hypothesis  that  predators 
a:  more  r-selected  than  parasites  and,  therefore, 
n.  urally  tend  to  be  more  abundant  and  important 
ii.iediately  after  a  habitat  disturbance.   Flower 
v,;itors  are  mostly  bombyliid  flies  and  bees  of 
V.  ious  families.   They  appear  in  numbers  that 
ni'  ch  the  profuseness  of  blooming  and  probably 
ni_  rate  into  burn  areas  to  take  advantage  of  the 
n  tar  and  pollen  provided  by  the  "fire  annuals" 
eecially.   The  nonflower  visiting  phytophagous 

ts  may  be  greatly  influenced  by  year  to  year 
■•■  Luer  changes.   Aphids  may  explode  in  numbers 


during  a  warm,  dry  spring;  acridid  grasshoppers 
are  perhaps  abundant  following  a  dry  winter  and 
spring.  More  data  are  needed  before  any  of  the 
above  observations  can  be  verified. 


Biomass 

Figure  2  shows  the  relationship  of  insect  bio- 
mass (below)  to  rainfall  (above)  at  the  project 
site  in  the  San  Dimas  Experimental  Forest  for  the 
4-postfire  years,  1976-1979.   Biomass  is  shown  as 
dry  weight  of  the  total  insects  collected  and/or 
observed  per  man/hour  each  month;  these  weights 
were  estimated  from  the  weight  of  a  representative 
sample  of  each  variety  of  insect.   The  rainfall 
data  (centimeters/month)  were  taken  from  Forest 
Service  records  gathered  at  Tanbark  Flat  near  the 
project  site. 

The  1976  peak  in  biomass  occurred  in  May  when 
sampling  was  first  initiated.   An  average  of  about 
half  of  the  total  insect  biomass  during  the  months 
of  May  through  September  was  composed  of  hymen- 
opterans--especially  the  families  Apidae  and 
Anthophoridae .   Nearly  a  quarter  of  the  total  bio- 
mass in  May  was  comprised  of  bombyliid  flies. 
These  figures,  along  with  the  trophic  group  statis- 
tics given  earlier,  indicate  the  dominance  of 
flower  visitors  during  the  spring  and  summer  months 
of  the  first  postfire  year.   Almost  the  entire 
bloom  consisted  of  annual  plants,  which  apparently 
enticed  these  flower  visitors  into  the  burn  with 
their  reward  of  nectar  and  pollen.   By  the  last 
three  months  of  1976,  acridid  grasshoppers  made  up 
the  greater  part  of  the  biomass  and  continued  to 
comprise  most  of  the  biomass  through  the  early 
months  of  1977,  augmented  by  coccinellid  beetles 
in  March.   The  broken  peak  from  March  through  June 
of  1977  is  the  estimated  contribution  to  biomass 
made  by  a  massive  buildup  of  aphids  on  Lupinus. 
These  insects  were  neither  counted  nor  weighed,  but 
I  estimate  their  weight  easily  doubled  the  total 
biomass  of  other  insects  during  these  months.   The 
1977  biomass  peak  in  August  and  September  was  due 
largely  to  acridid  grasshoppers,  although  antho- 
phorid  bees  and  a  variety  of  Lepidoptera  contribu- 
ted significantly  in  August  to  the  total.  Acridids 
and  vespid  wasps  contributed  the  main  biomass  from 
September  through  November . 

There  is  a  slightly  bimodal  biomass  peak  in  1978 
and  a  very  definite  one  in  1979.   However,  the  in- 
sects contributing  the  main  biomass  in  the  two 
years  are  somewhat  different.   In  1978  the  June- 
July  peak  was  because  of  nymphalid  butterflies  and 
bumble  bees,  and  the  August-September-October  high 
was  mainly  vespid  wasps  and  acridid  grasshoppers. 
The  1979  May-June  peak  was  caused  partially  by 
nymphalid  butterflies  again,  and  also  a  mixture  of 
Hymenoptera,  particularly  anthophorid  bees.   The 
well-differentiated  September  peak  was  comprised 
of  vespid  wasps,  honey  bees,  and  syrphid  flies. 
Surprisingly,  acridid  grasshoppers  were  a  very 
small  part  of  the  biomass  the  second  half  of  1979 
from  July  until  the  end  of  the  year. 
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Figure  2 — Seasonal  distribution  of  rainfall  and 
insect  biomass  during  4  years  of  postfire 
chaparral  succession  in  the  San  Dimas  Experimental 
Forest.   The  biomass  data  are  shown  as  dry  weight 
of  the  total  insects  collected  and/or  observed 
per  man/hour  each  month. 
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A  comparison  of  insect  biomass  found  by  Atkins 
(1977)  in  San  Diego  County  with  that  at  San  Dimas 
indicates  certain  differences.   Of  course,  the 
sites  and  conditions  were  also  quite  different. 
Atkins'  location  (Echo  Valley)  is  considerably 
south  of  San  Dimas,  and  at  a  lower  elevation  than 
the  San  Dimas  research  site.   His  sampling  was 
done  in  mature  rather  than  postfire  chaparral, 
his  sampling  methods  were  completely  different, 
and  he  sampled  for  only  one  year  (1973) .   The 
Echo  Valley  biomass  peaks  at  a  much  earlier  date 
(March-April)  in  1973  than  any  year  at  San  Dimas 
(June-July) ,  a  difference  that  would  probably  be 
expected  because  of  latitudinal  and  altitudinal 
differences.   Additionally,  the  "fall"  biomass 
(September-October)  appears  to  be  proportionally 
much  lower  at  Echo  Valley  than  at  San  Dimas. 


The  effect  of  weather  on  chaparral  insects  is 
still  to  be  determined.   A  search  for  correlatior 
between  rainfall  and  biomass  in  figure  2  is 
largely  enigmatic.   (Temperature  data  were  not 
available  for  the  immediate  research  area.)   The 
winter  of  1976-77  was  comparatively  dry  with 
rather  warm  temperatures.   Whether  this  weather 
had  anything  to  do  with  the  mass  buildup  of  aphic 
and  grasshoppers  that  ensued  during  1977  is  un- 
certain.  The  winters  of  1977-78  and  1978-79  werf 
quite  different  in  the  amount  of  rain  that  fell, 
and  yet  there  appeared  to  be  no  great  difference 
in  the  total  biomass  pattern,  although  the  insect 
comprising  the  larger  part  of  the  biomass  were 
rather  different  each  year.   Further  analysis  of 
the  effects  of  weather  on  chaparral  insects  will 
have  to  await  additional  data  from  other  studies. 
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d  iness,  Diversity,  and  Abundance 


have  reported  elsewhere  (Force  1981a, b)  rich- 
and  diversity  changes  in  plants  and  insects, 

abundance  changes  in  insects  only,  for  the 
it  3  postfire  years  (1976-78)  at  the  San  Dimas 
ly  site.   Richness  was  reported  as  number  of 
!ct  families  and  plant  species,  diversity  as 
json's  Diversity  Index,  D  =   1    (Simpson 
)) ,  using  insect  families    ^p.2 

plant  species,  and  abundance  — 
iverage  number  of  insects  observed  per  unit  of 
;.   A  general  decline  in  all  categories  was 
;rved  over  the  3-year  period,  and  it  was  noted 
|:  the  successional  trends  of  insects  appeared 
parallel  those  of  chaparral  plants.   It  was 
)  noted  that  declining  trends  in  these  kinds 
statistics  are  unusual  in  successional  se- 
jices;  usually  richness,  diversity,  and  abun- 
:e  increase  during  the  early  years  after  a 
:urbance.   Also  discussed  in  those  papers  were 

following  hypotheses:  (1)  that  the  compara- 
bly high  richness  and  abundances  of  insects  in 
laparral  area  the  first  year  following  a  burn 

due  to  immigration  from  outside  sources, 

that  the  size  of  the  burn  influences  the  mag- 
ide  of  these  numbers  because  of  the  variable 
ition  factor  involved,  (3)  that  the  decreasing 
ids  shown  in  my  data  could  be  temporary,  and 

that  various  kinds  of  weather  may  influence 
ids  of  this  sort. 

r"'or  comparative  purposes,  table  1  gives  the 
3  statistics  as  reported  in  earlier  papers 
rce  1981a, b)  for  the  first  3  postfire  years 
75-78) ,  but  also  incorporates  recently  analyzed 
i  for  the  fourth  year  (1979) .   It  is  obvious 
n  table  1  that  the  overall  decreasing  trends 
1  the  first  3  years  are  dramatically  broken 

fourth  year.   Insect  family  richness  rises 
^   higher  than  during  the  first  postfire  year, 
;h  presumably  means  that  by  the  fourth  year 
itional  slow-to-colonize  insect  families  were 
aing  their  way  into  the  burn.   Insect  diversity 
3  makes  a  large  gain  partly  because  of  the  in- 
ase  in  richness,  but  mostly  because  of  the  more 
anced  numbers  of  individuals  among  the  various 
ilies.   There  were  no  disproportionate  number 
reases  among  any  of  the  insects  in  1979,  and 
s  more  equitable  distribution  greatly  influ- 
ed  the  calculation  of  diversity.   Average  insect 
ndance,  on  the  other  hand,  was  no  different  in 
9  from  the  preceding  2  years  and  was  only 
ghtly  less  than  in  1976.   In  fact,  it  is  sur- 
sing  that  abundance  changed  so  little  in  the 
rse  of  the  4-year  study.   Abundance  was  greatest 

first  postfire  year  with  the  large  influx  of 
ortunistic  feeders  that  apparently  migrated  into 

burn  to  take  advantage  of  the  annual  plant 


easily  have  been  sample  error,  and  most  of  the  gain 
in  diversity  was,  as  in  the  case  of  the  insects, 
because  of  more  equitable  distribution  of  individ- 
uals among  plant  species.   Several  questions  im- 
mediately come  to  mind  at  this  juncture.   (1)  The 
insect  data  appear  to  parallel  the  plant  data 
throughout  the  study;  i.e.,  insect  richness  and 
diversity  rise  or  fall  in  correlation  with  plant 
data.   The  question  is  whether  this  correlation 
was  cause  and  effect  or  merely  coincidental. 

(2)  Does  the  abrupt  switch  in  direction  of  statis- 
tics the  fourth  year  indicate  that  the  decline  in 
richness  and  diversity  were  temporary  and  that, 
henceforth,  increases  would  prevail?   This  condi- 
tion would  tend  to  agree  better  with  conventional 
theories  of  succession  and  would  perhaps  explain 
Moldenke's  (1977)  finding  of  higher  insect  polli- 
nator richness  and  abundance  in  mature  chaparral 
than  in  postfire  chaparral  (see  Force  1981a, b). 

(3)  Do  weather  conditions  have  any  deciding  in- 
fluence on  chaparral  successional  events?   None  of 
these  questions  can  be  answered  without  additional 
studies  in  chaparral  burn  situations. 


Table  1--Richness,  diversity,  and  abundance 
indices  for  insects  and  plants  in  southern 
California  chaparral  the  first  three  years 
following  fire 


1976 

1977 

1978 

1979 

Insect  family  richness 

85 

72 

82 

90 

2 
Insect  family  diversity 

13.3 

10.9 

9.1 

16.0 

Plant  species  richness 

29 

26 

23 

26 

Plant  species  diversity^ 

7.6 

2.4 

6.0 

9.5 

Insect  abundance-^ 

90.0 

80.2 

77.9 

80.6 

Total  no.  of  insect  families;  plant  species. 


'Calculated  from  D  = 


hi^ 


(Simpson  1949) 


Avg.  no.  insects  collected/observed  per  man/hr. 


The  most  surprising  observations  from  the  1979 
3i  a  are  the  increases  from  1978  in  plant  richness 
SI  diversity.   These  statistics  would  be  expected 
tcdecline  with  the  continued  disappearance  of 
ai  ual  plant  species  as  succession  proceeds.   How- 
s' r  the  small  difference  in  plant  richness  could 
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WHAT  NEEDS  TO  BE  DONE 

Research  on  chaparral  insects  is  still  in  its 
infancy.   Because  of  the  attributes  of  chaparral 

(e.g.,  pulse  stable  perturbation  by  fire,  unique 
plant  recovery  characteristics) ,  there  are  un- 
doubtedly new  and  bizarre  phenomena  to  be  dis- 
covered about  how  insects  deal  with  it.   At 
present,  however,  we  do  not  know  even  such  basic 
things  as  what  insects  are  there  in  what  numbers 
at  what  times.   After  we  have  these  answers, 
perhaps  it  will  be  easier  to  determine  why  the 
insects  are  where  they  are  and  what  they  are 
doing  there.   More  exploratory  questions  concern 

(1)  the  amount  of  movement  of  insects  from  outside 
sources  into  new  burns  of  various  sizes,  (2)  what 
factors  (floral  or  otherwise)  are  responsible  for 
this  immigration  into  burns,  (3)  whether  the 
trends  I  have  found  in  insect  richness,  diversity, 
and  abundance  during  one  postfire  succession  are 
commonplace,  (4)  whether  insect  feeding  and  polli- 
nation significantly  affect  chaparral  postburn 
succession,  (5)  whether  floral  or  vegetational 
characteristics  significantly  affect  insect 
succession  in  chaparral,  and  (6)  what  effect 
weather  perturbations  have  on  insect  populations 
and  insect  community  structure  in  chaparral. 

Acknowledgments:   The  author's  work  in  the  San 
Dimas  Experimental  Forest  was  funded  by  grants 
from  the  U.  S.  Forest  Service. 
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i;  fire  Community  Structure  of  Birds  and 
)ents  in  Southern  California  ChaparraP 
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Abstract:  Changes  in  rodent  and  avian  community 
structure  were  documented  for  42  months  following 
a  major  fire  in  southern  California  chaparral. 
Rodent  species  richness,  biomass  per  ha,  and 
diversity  reached  levels  equal  to,  or  exceeding, 
those  in  16  to  20  year  old  chaparral  within  15  to 
24  months  post-fire.   Heteromyids  and  meadow  mice 
contributed  significantly  to  biomass  per  ha  in 
early  post-fire  seres;  wood  rats  and  Peromyscus 
species  contributed  significantly  in  older  stands. 
Productivity  and  diversity  of  rodents  were  higher 
in  post-fire  serai  stages  than  in  older  stands. 
Avian  species  richness  and  diversity  increased  in 
early  post-fire  serai  stages,  probably  reflecting 
an  increase  in  availability  of  both  insect  and 
plant  food  resources.   No  significant  shifts  in 
feeding  guild  utilization  were  noted.   A  few 
rodent  species  may  take  several  years  to  recolonize 
burned  areas,  but  avian  repopulation  is  rapid, 
limited  chiefly  by  the  availability  of  suitable 
nesting  sites. 


'ho  chaparral  community  of  southern  California 
jissociated  with  nearly  two  million  years  of 
L'   history  (Hanes  1971).   In  recent  centuries 
IT  fires  have  occurred  at  intervals  of  20  to 
D'ears  (Byrne  and  others  1977;  Philpot  1977). 
D  -fire  plant  succession  has  been  described  by 
li'     and  Hanes  (1964),  Hanes  and  Jones  (1967), 
1  Hines  (1971).   Short-term  effects  of  fire  on 
Lis  and  small  mammals  in  the  chaparral  have 
5  1  reported  by  Lawrence  (1966),  Quinn  (1979), 
1  Wirtz  (1977,  1979).   Wirtz  (1977)  summarized 

1  w.Tk  of  earlier  authors  concerning  conditions 
i;mall  vertebrate  microhabitats  during  fire, 

2  ebrate  behavior  during  fire,  and  survival  of 

n  1  vertebrates  exposed  to  fire.   Both  Lawrence 
1)6)  and  Quinn  (1979)  studied  rodent  populations 
aire  and  after  a  burn,  in  addition  to  document- 
a microhabitat  conditions  during  the  fire. 

'he  Village  Fire  of  November  1975  consumed 
5'  ha  of  the  San  Dimas  Experimental  Forest, 
a  fie  Southwest  Forest  and  Range  Experiment 
tinn,  U.  S.  Forest  Service,  in  the  San  Gabriel 
3itains  of  southern  California  approximately 
5  :iii  east  of  Los  Angeles.   Following  this  fire, 
Eianent  study  plots  were  established  in  16-year- 
l  chaparral  at  975  m  and  in  newly  burned  areas 
t)75   and  1280  m  with  the  intention  of  document- 
n  the  post-fire  succession  of  rodents  and  birds 

3  a  long  period.   This  paper  discusses  changes 
n  community  structure  of  rodents  and  birds  on 
h;e  plots  for  the  first  42  months  post-fire. 


Presented  at  the  Symposium  on  Dynamics  and 
aigement  of  Mediterranean-type  Ecosystems, 
u:  22-26,  1981,  San  Diego,  California. 

Associate  Professor  of  Biology,  Pomona 
o.ege,  Claremont,  California,  91711. 


STUDY  AREA 

The  Experimental  Forest  encompasses  6,885  ha  at 
elevations  from  458  to  1,678  m  (Hill  1963).   It  is 
dissected  by  several  north-south  drainages,  and 
its  topography  is  generally  quite  steep,  the 
average  slope  of  the  land  being  68  percent,  with 
nearly  half  of  the  slopes  having  angles  greater 
than  70  percent  (Bentley  1961) .   Mooney  and 
Parsons  (1973)  describe  the  Experimental  Forest  in 
considerable  detail,  including  its  fire  history. 

The  study  plot  at  975  m  in  Bell  3  burned  last 
in  July  1960.   Its  present  dense  cover  is  composed 
principally  of  chamise  {Adenostoma   fasciculatum) 
and  hoary  leaf  ceanothus  {Ceanothus   crassifolius) . 
Species  present  in  lesser  numbers  include  hairy 
ceanothus  (C.  oliganthus) ,    black  sage  (Salvia 
mellifera) ,    bigberry  manzanita  (Arctostaphylos 
glauca) ,    California  buckwheat  {Eriogonum  fascicu- 
latum),   mountain  mahogany  {Cercocarpus  betuloides) , 
scrub  oak  {Quercus  dumosa) ,  silktassel  (Garrya 
Veatchii) ,    toyon  (Heteromeles  arbutifolia) ,    and 
thickleaf  yerba  santa  (Eriodictyon  crassifolium) . 

The  recently  burned  plot  at  975  m  (Oak)  had  a 
pre-fire  shrub  cover  dominated  by  hairy  and  hoary- 
leaf  ceanothus,  mountain  mahogany,  scrub  oak, 
chamise,  and  bigberry  manzanita.   Toyon  and  silk- 
tassel were  more  abundant  here  than  at  Bell  3,  and 
there  were  scattered  stands  of  interior  live  oak 
{Quercus  wislizenii) .      This  plot  is  0.25  km  north 
of  Bell  3,  and  has  a  slightly  more  northerly 
aspect.   All  but  the  live  oak  had  recovered  to 
heights  of  1-2  m  within  36  months  post-fire. 
Additional  shrub  species  present  post-fire  included 
yerba  santa,  southern  honeysuckle  (Lonicera 
subspicata) ,    coffeeberry  (Rhawnus   calif ornica) , 
sugar  bush  (Rhus  ovata) ,    elderberry  (Sambucus 
caerulea) ,    and  poison  oak  (Toxicodendron  diversi- 
lobum) . 


n  cch    Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
r  iKni  Station.  Forest  Service.  U.S.  Department  of  Agriculture;  1982. 
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The  burned  plot  at  1280  m  (Sunset)  had  a  pre- 
fire  shrub  cover  dominated  by  deer brush  (Ceanothus 
integer r imus) ,    chaparral  whitethorn  (C.  leucoder- 
mis) ,    hoaryleaf  ceanothus,  chamise,  scrub  oak, 
and  bigberry  manzanita.   This  area  has  experienced 
a  post-fire  succession  quite  different  from  Oak, 
presumably  due  to  its  higher  elevation.   The  area 
was  dominated  by  low  herbs  and  grasses  (chiefly 
Cryptantha  intermedia,    Stephanomeria   virgata, 
Chaenactis  artemisaefolia ,   Eschscholzia   cali- 
fornica,    Penstemon  spectabilis ,    Sisymbrium  altis- 
simum,    Emmenanthe  pendulifera,    Chichorium  intybus, 
Bromus    tectorum)    and  a  shrubby  lupine  {Lupinus 
excuhitus)    in  1976,  the  first  spring  post-fire. 
By  1977  the  lupine  was  extremely  abundant  (fre- 
quency -  92  percent) ,  herbs  were  decreasing  in 
relative  abundance,  and  shrub  species  were  re- 
sprouting  vigorously.   By  spring  1978  the  area 
had  regained  its  shrubby  nature,  with  ceanothus, 
chamise,  scrub  oak,  bigberry  manzanita,  and 
thickleaf  yerba  santa  being  the  most  common 
species. 

METHODS 

Square  grids  of  100  stations  at  15  m  intervals 
were  established  on  each  of  the  three  study  areas. 
Large  Sherman  traps  were  used  in  a  mark  and 
release  study  to  obtain  information  on  rodent 
populations.   Determination  of  mean  distance 
traveled  between  captures  permitted  estimation  of 
the  actual  area  sampled  per  species  per  plot. 
Population  density  was  estimated  for  each  trapping 
period  by  the  Hayne  (1949)  equation,  and  animals 
per  ha  determined  per  species.   Mean  weights  were 
calculated  separately  for  each  species,  plot,  and 
trapping  period.   These  values  were  used  with 
density  estimates  to  determine  gm  per  ha  for  each 
species  and  trapping  period.   Percent  of  total 
biomass  per  ha  per  species  is  used  in  this  paper. 
Brillouin  (1956)  diversity  indices  were  calculated 
for  each  trapping  period  and  plot. 

Birds  were  censused  for  each  trapping  period 
and  on  some  occasions  when  trapping  was  not  con- 
ducted.  Both  sightings  and  sounds  were  noted  as 
the  observer  walked  the  entire  grid;  individuals 
overhead  were  also  noted.   These  observations 
were  converted  to  individuals  per  species  per 
man-hour  and  also  to  percent  of  total  sightings 
per  species  per  month,  providing  indices  of  relative 
abundance  rather  than  actual  density  estimates. 
Brillouin  diversity  indices  were  calculated  for 
each  area  and  sampling  period.   Wirtz  (1979  and 
in  press)  divided  the  avifauna  of  the  San  Gabriel 
Mountain  chaparral  community  into  13  feeding  cate- 
gories or  guilds,  based  on  field  observations  and 
data  In  Martin  and  others  (1951).   The  percentage 
of  species  observed  per  area  per  period  in  common 
feeding  guilds  was  calculated  to  ascertain  whether 
shifts  in  food  availability  occurred  during  post- 
fire  succession. 


RESULTS 
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The  rodent  fauna  of  this  chaparral  community 
consists  of  11  species  in  8  genera  representing  '] 
3  families.   The  Beechey  ground  squirrel  {Spermo\ 
philus  beecheyi)    and  Merriam  chipmunk  (Eutamias 
merriami) ,    family  Sciuridae,  are  seldom  seen  or 
trapped.   The  California  pocket  mouse  {Perognatti 
californicus)    and  Pacific  kangaroo  rat  (Dipodomy, 
agilis)    represent  the  family  Heteromyidae.   The 
remaining  species  are  in  the  family  Cricetidae, 
including  the  western  harvest  mouse  (Reithro- 
dontomys   megalotis) ,  California  mouse  (Peromyscu 
californicus) ,    deer  mouse  (P.  maniculatus) ,    brus 
mouse  (p.  boylii) ,    dusky-footed  wood  rat  (,Neotom\ 
fuscipes) ,    desert  wood  rat  (W.  lepida) ,    and  Call 
f ornia  meadow  mouse  {Microtus   californicus) . 


Total  rodent  biomass  varied  considerably  on  t 
unburned  site,  from  a  low  of  333  gm/ha  in  Septem 
1976  to  highs  of  1896  and  1547  gm/ha  in  December"' 
1976  and  May  1979,  respectively  (fig.  1).  Total" 
biomass  was  low  on  both  burned  plots  for  12  montjt 
post-fire,  increased  rapidly  from  15  to  30  month, 
post-fire,  and  by  34  months  post-fire  had  exceed! 
the  maxima  on  the  unburned  plot  (fig.  1).  Seasoff 
fluctuations  in  total  biomass  did  not  occur  on 
either  burned  or  unburned  plots. 

Wood  rats  {N .  fuscipes  and  N.  lepida)  contri-1 
buted  40  to  90  percent  of  total  biomass  per  ha  o 
the  unburned  plot  (fig.  2).  The  contribution  of 
both  Pacific  kangaroo  rats  and  California  pocket 
mice  declined  from  16  to  20  years  post-fire,  whij 
that  of  brush  and  California  mice  combined  in-  | 
creased  (fig.  2) . 


Only  Pacific  kangaroo  rats,  California  pocke4'i 
mice,  and  Peromyscus  {maniculatus,  californicus !' ' 
and  boylii)  were  present  on  the  burned  plot  at 
975  m  for  20  months  post-fire  (fig.  3).  Kangarcj : 
rats  contributed  a  major  portion  of  the  biomass  ■' 
per  ha  for  25  months  post-fire,  but  declined  to 
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Figure  1:  Total  rodent  biomass,  gm/ha,  for  burnt 
and  unburned  plots. 
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era  on  the  unburned  plot  at  975  m. 


N«otoma 

Dipodofnyt 

Parognathua 

Poromyscua 

Microtua 


IS  20  25  30 

MONTHS  POST- FIRE 


are  3:  Percent  total  biomass  per  ha  for  rodent 
eara  on  the  burned  plot  at  975  m. 


ttribute  less  than  10  percent  by  42  months  post- 
la.   Wood  rats  (both  W.  fuscipes   and  N.    lepida) 
r  California  meadow  mice  first  appeared  on  this 
lit  at  20  months  post-fire,  and  contributed  25 
c50  percent  of  biomass  per  ha  between  30  and  42 
icths  post-fire  (fig.  3).   California  pocket 
lose  populations  declined  on  the  plot  from  20  to 
■2nonths,  and  Peromyscus   populations  remained  low 
hDughout  the  entire  period  (fig.  3). 

'acific  kangaroo  rats  contributed  40  to  95 
ie:ent  of  biomass  per  ha  on  the  burned  plot  at 
2)  m  throughout  the  entire  period  (fig.  4). 
tol  rats  (both  N.    fuscipes   and  N.    lepida)    were 
•rsent  on  the  plot  by  10  months  post-fire,  and 
:o;ributed  15  to  40  percent  of  biomass  per  ha 
ri  15  to  41  months  post-fire  (fig.  4).   Cali- 
Oiia  pocket  mice  and  Peromyscus      (maniculatus 
m  californicus)    contributed  2  to  22  percent 
>1  lass  per  ha.  between  10  and  41  months  post-fire, 
m  California  meadow  mice  were  present  in  very 
-0  numbers  from  33  to  41  months  post-fire  (fig. 
0 

'he  number  of  rodent  species  has  been  highest 
)n:he  burned  plot  at  975  m  since  17  months  post- 
•i;!,  and  more  species  have  been  present  on  both 
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Figure  4:  Percent  total  biomass  per  ha  for  rodent 
genera  on  the  burned  plot  at  1280  m. 


burned  plots  than  on  the  unburned  plot  since  30 
months  post-fire  (fig.  5).   There  was  little 
difference  in  diversity  between  unburned  and 
burned  plots  at  975  m  for  28  months  post-fire 
(fig.  5).   Diversity  on  the  higher  elevation 
burned  plot  was  lower  than  that  of  lower  elevation 
unburned  and  burned  plots  for  32  months  post-fire, 
and  both  burned  plots  were  more  diverse  than  the 
unburned  area  from  32  to  42  months  post-fire. 

Birds 

A  total  of  73  diurnal  bird  species  were  observ- 
ed on  the  three  study  plots  during  the  period,  but 
only  23  species  occurred  regularly  (see  Wirtz  1979 
and  in  press  for  a  detailed  description  of  the 
avifauna  of  the  chaparral  of  the  San  Gabriel 
Mountains) .   Common  feeding  guilds  represented 
were  raptors  (7  species),  omnivores  (2  species), 
nectar-feeders  (5  species),  seed-eaters  (6  species) 
insect  and  fruit  eaters  (9  species),  insect  and 
seed  eaters  (13  species) ,  those  gleaning  insects 
from  vegetation  (14  species) ,  and  those  taking 
insects  from  the  air  (8  species) . 
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Figure  5:  Number  of  rodent  species  present  (upper) 
and  Brillouin  diversity  indices  (lower),  for 
burned  and  unburned  plots. 
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The  unburned  plot  at  975  m  had  the  greatest 
number  of  species  In  the  spring  of  1976,  5  to  6 
months  post-fire,  but  by  summer  more  species  were 
present  on  the  burned  plot  at  1280  m  (fig.  6). 
More  species  were  also  present  on  the  unburned 
plot  in  spring  1977,  17  to  18  months  post-fire, 
but  both  burned  plots  had  more  species  than  the 
unburned  plot  in  spring  1978  and  1979,  29  to  30 
and  41  to  42  months  post-fire,  respectively,  with 
the  higher  elevation  burned  plot  having  more 
species  in  both  of  these  years   (fig.  6).   Omni- 
vorous species  were  more  prevalent  on  the  higher 
elevation  burned  plot  than  on  the  unburned  plot 
in  spring  1976,  more  prevalent  on  the  unburned 
site  than  on  either  burned  site  in  fall  and  winter 
1976-77  and  again  in  winter  1978,  but  there  was 
little  difference  in  occurrence  of  omnivores 
during  the  rest  of  the  period  studied  (fig.  7A)  . 
More  seed-eating  species  were  normally  found  on 
burned  areas  than  on  the  unburned  site;  the 
greatest  difference  was  in  the  first  year  post- 
fire,  and  there  was  more  fluctuation  in  the 
presence  of  seed-eating  species  at  the  higher 
elevation  burned  site  (fig.  7B) .   Insect- and 
fruit-eating  species  fluctuated  in  their  presence 
on  burned  sites,  and  did  not  equal  or  exceed 
numbers  on  the  unburned  site  until  the  fourth 
year  post-fire  (fig.  7C) .   Insect- and  seed-eating 
species  were  much  more  prevalent  on  burned  sites 
in  the  first  year  post-fire;  subsequent  occurrence 
varied  but  was  similar  to  that  on  the  unburned 
site  (fig.  7D) .   Those  species  gleaning  insects 
from  vegetation  were  not  common  on  the  higher 
elevation  burned  site  in  the  first  year  post-fire; 
burned  an  unburned  areas  did  not  show  significant 
differences  in  occurrence  during  the  next  three 
years  (fig.  7E) .   Species  taking  insects  from  the 
air,  or  on  the  wing,  such  as  flycatchers,  were 
less  common,  and  more  erratic  in  occurrence,  at 
all  sites  (fig.  7F) .   There  are  no  striking 
differences  between  burned  and  unburned  sites. 

Brillouin  diversity  indices  for  avian  occur- 
rence on  unburned  and  burned  plots  indicate 
greater  diversity  on  burned  plots  (fig.  8).   This 
difference  is  more  pronounced  for  the  first  two 
years  post-fire,  and  less  for  the  latter  two. 
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Figure  6:  Number  of  bird  species  present  on 
burned  and  unburned  plots. 
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Figure  7:  Presence  of  different  feeding  guilds 
on  burned  and  unburned  plots,  as  percent  of  tot  *s 


species  present:  A)  omnivores,  B)  seed  eaters, 

C)  insect  and  fruit  eaters,  D)  insect  and  seed 

eaters,  E)  gleaners  of  insects  from  vegetation, 
F)  insects  taken  from  air. 
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JSSION 

ily  6  rodent  species  are  commonly  found  in 
r  chaparral  stands  in  the  San  Gabriel 
ttrains:  California  pocket  mouse.  Pacific 
n'lroo  rat,  California  mouse,  brush  mouse, 
s  ■-footed  wood  rat,  and  desert  wood  rat. 
S'rn  harvest  mouse,  deer  mouse,  and  California 
a  )w  mouse  inhabit  disturbed  habitats  in  this 
g)n,  whether  they  be  grassland  conversions 
i:z  1977)  or  post-fire  serai  stages. 

le  burrowing  habit  enhances  rodents'  ability 
irvive  fire  (Howard  and  others  1959;  Lawrence 
6  Quinn  1979).   Thus,  post-fire  rodent  commu- 
t  's  in  this  region  are  dominated  by  kangaroo 
t  (figs.  3  and  4;  Quinn  1979)  and,  to  a  lesser 
tit,  pocket  mice.   Rapid  post-fire  plant 
cession  reduces  habitat  suitability  for  burrow- 
g'leteromyids,  and  their  abundance  and  contribu- 
0  to  total  biomass  declines  (figs.  3  and  4). 
c  ic  kangaroo  rats  exhibit  a  significant  pre- 
r  ice  for  open  space  in  their  habitat,  most 
k'  y  associated  with  their  saltatorial  mode  of 
cuotion. 

1  ilization  of  above-ground  stick  nests  by  wood 
t  makes  them  particularly  susceptible  to  fire 
0  on  and  Wright  1944;  Quinn  1979),  and  they  may 
t  uccessfully  recolonize  burned  areas  until  1-2 
a:  post-fire  (figs.  3  and  4).   Deer  mice  and 
1:  ornia  meadow  mice  colonize  burned  areas  within 
2  ears  post-fire  (figs.  3  and  4). 

'  ough  rodent  communities  may  be  decimated  by 
1<  ire,  recolonization  and  subsequent  reproduction 
ii'  species  numbers,  biomass  per  ha,  and  diversity 
■  vels  equal  to,  or  exceeding,  those  in  16  to  20 
aiold  chaparral  within  15  to  24  months  post-fire 
i{  .  1  and  5) .   Productivity  and  diversity  of 
dits  is  higher  in  post-fire  serai  stages  than 

(■der  stands,' and  data  collected  in  this  study 
gfst  that  both  begin  to  decline  when  the  stand 
^ates  18  to  20  years  of  age  (figs.  2  and  5). 


Wood  rats,  because  of  their  large  size,  contri- 
bute significantly  to  biomass  per  ha  in  older 
chaparral  stands  (fig.  2).   Their  contribution  on 
burned  areas  increases  slowly  between  2  and  3 
years  post-fire  (figs.  3  and  4).  Peromyscus 
abundance  and  biomass  contribution  increases  as 
stands  age  from  16  to  20  years  (fig.  2). 

Both  bird  species  richness  and  species  diversity 
increased  during  42  months  post-fire  (figs.  6  and 
8).   The  increase  in  richness  most  likely  reflects 
the  addition  of  rare  species  with  more  observer 
time  on  the  study  plots,  as  the  phenomenon  occurred 
on  unburned  as  well  as  burned  plots.   An  increased 
number  of  species  present  on  the  higher  elevation 
burned  plot  in  the  first  spring  post-fire  may 
reflect  increased  richness  in  both  insect  and  plant 
food  resources  associated  with  the  great  plant 
species  richness  that  occurred  in  that  spring. 
Lawrence  (1966)  reports  increased  diversity  of 
bird  species  following  a  controlled  burn  in  the 
chaparral  of  Sierra  Nevada  foothills,  and  Bock 
and  Lynch  (1970)  report  increased  richness  and 
diversity  on  burned  plots  in  Sierra  Nevada  coni- 
ferous forest.   Higher  diversity  indices  for  burned 
plots  in  all  springs  post-fire  (fig.  8)  reflect 
changes  in  population  size  of  species  already 
present  rather  than  addition  of  species.   No 
increase  was  noted  in  the  number  of  omnivorous 
species  present  on  burned  areas  (fig.  7A) ,  but 
increases  were  noted  in  the  number  of  seed-eating 
(fig.  7B)  and  insect-and  seed— eating  (fig.  7D) 
species.   These  differences  are  most  pronounced 
in  the  first  year  post-fire.   Insect-and  fruit- 
feeding  species  exhibit  an  initial  decrease  in 
use  of  burned  areas  (fig.  7C) ,  presumably  because 
fruits  are  not  available.   Species  that  glean 
insects  from  vegetation  also  exhibit  an  initial 
decrease  in  utilization  of  burned  areas  (fig.  7E) , 
presumably  due  to  lack  of  vegetation,  while  species 
that  take  insects  from  the  air  exhibit  little 
response  to  fire  (fig.  7F) .   No  significant  shifts 
in  feeding  guild  utilization  of  burned  habitats  is 
noted,  and  therefore  it  is  assumed  that  shifts 
also  do  not  occur  in  food  type  availability  in 
burned  habitats. 

Rodent  populations  are  initially  decimated  by 
wildfire.   Only  burrowing  forms  survive  in  any 
numbers.   Post-fire  recovery  is  rapid,  however, 
with  biomass  per  ha  exceeding  that  in  16  to  20 
year  old  chaparral  within  two  years.   Species  lost 
in  the  fire,  like  wood  rats,  may  not  return  to  the 
site  for  two  years.   It  is  assumed  that  some 
refugia  always  remain  for  these  species,  due  to 
the  normally  patchy  nature  of  burns.   Species  that 
thrive  in  disturbed  areas,  like  the  deer  mouse 
(Williams  1955),  or  herbivorous  forms  like  the 
California  meadow  mouse,  colonize  early  post-fire 
serai  stages.   Brush-tolerant  species,  such  as 
wood  rats  and  California  and  brush  mice,  assume  a 
greater  role  in  the  community  as  it  returns  to 
shrub  serai  stages.   By  20  years  post-fire  early 
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successional  forms  like  deer  mouse  and  meadow 
mouse  have  vanished,  burrowing  heteromyids  have 
declined  in  abundance  as  the  shrub  canopy  closes 
in  and  ground  level  open  space  is  eliminated,  and 
shrub-tolerant  species  like  wood  rats  and  brush 
and  California  mice  predominate. 

Fire  reduces  both  food  availability  and  nesting 
cover  for  bird  species.   Post-fire  plant  and 
insect  succession  rapidly  restores  food  availa- 
bility.  Avian  species  diversity  is  enhanced 
slightly  in  early  post-fire  serai  stages  due  to 
food  resource  diversity.   Numbers  of  individuals 
are  greater  on  early  post-fire  serai  stages, 
resulting  in  higher  diversity  indices.   Rapid 
replacement  of  early  herb  and  grass  serai  stages 
by  shrub-dominated  stages  reduces  this  diversity 
within  four  years  post-fire. 

Though  individuals  are  lost  in  wildfires,  few 
species  are  lost.   Surviving  individuals  are  able 
to  repopulate  quickly  as  plant  succession  occurs. 
A  few  rodent  species  may  take  several  years  to 
recolonize  burned  areas,  but  avian  repopulation 
is  rapid,  perhaps  limited  chiefly  by  the  availa- 
bility of  suitable  nesting  sites. 
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c,iagement  of  Chaparral  Habitat  for  Mule 
H  and  Mountain  Sheep  in  Southern 
ifornia  ^ 

rjii  C.  Bleich  and  Stephen  A.  Holl- 


Abstract:   Mule  deer  (Odocolleus  hemlonus)  and 
mountain  sheep  (Ovis  canadensis)  occur  in  chapar- 
ral habitats  of  the  San  Gabriel  and  San  Bernar- 
dino mountains,  California.   While  they  inhabit 
similar  vegetation  types,  differences  in  the 
physical  characteristics  of  their  habitats  result 
in  a  general  allopatry  of  these  species.   Manage- 
ment options  applicable  to  deer  habitat  are  not 
always  practical  in  sheep  habitat.   A  series  of 
models  which  will  assist  managers  with  the  de- 
sign of  projects  to  benefit  these  species  is  pre- 
sented.  Options  for  achieving  these  goals  are 
presented,  and  constraints  with  which  managers 
must  deal  are  detailed  and  discussed. 


There  is  a  huge  crevasse  that  separ- 
ates the  zoological  field  of  wild- 
life management  from  the  botanical 
field  of  wildlife-habitat  management. 
Despite  the  fact  that  each  field  is 
greatly  dependent  upon  the  other, 
each  marches  on  his  own  side,  not 
aware  that  they  should  do  more  than 
gaze  coyly  at  the  other  from  a 
distance. 

F.  E.  Egler,  1974 

[n  southern  California,  vegetation  most  com- 
Ly  referred  to  as  "chaparral"  dominates  wild- 
ai  ecosystems.   Chaparral  generally  occurs  on 
inontane  slopes,  primarily  between  1,200  and 
,  )0  meters  elevation.   The  species  composition 
f'.haparral  is  diverse,  and  most  species  are 
i;-adapted  (Gill  1977),  or  otherwise  adaptable 
o;he  application  of  chemical  and  mechanical 
aigement  strategies  (see  Roby  and  Green  1976, 
tin   1977a,  and  Leisz  and  Wilson  1980). 

Jntil  recently,  land  management  agencies  ap- 
Xiched  chaparral  manipulation  from  a  fuels 
laigement  aspect.   Aside  from  the  construction 
f'uel  breaks  and  occasional  type  conversion 
Tiects,  land  management  was  dominated  by  fire 
itijfention  and  suppression  activities.   The  dis- 
sjrous  results  of  the  1970  fire  season  led 
.0:he  formulation  of  the  Laguna-Morena  Demon- 
tition  Area  in  San  Diego  County  (Newell  1979), 
n  the  concept  of  an  active  chaparral  resource 
laigement  program  spread  to  other  sites  in 
oihern  California. 


Presented  at  the  Symposium  on  Dynamics  and 
aigement  of  Mediterranean-type  Ecosystems,  June 
2-6,  1981,  San  Diego,  California. 

Associate  Wildlife  Biologist,  California  De- 
iiTient  of  Fish  and  Game,  Hemet,  Calif.;  and 
Ullfe  Biologist,  San  Bernardino  National  For- 
3t  U.S.  Department  of  Agriculture,  Fontana, 


Because  much  of  our  public  land  is  capable  of 
producing  more  than  one  product,  the  multiple  re- 
source management  philosophy  is  extremely  impor- 
tant.  As  human  populations  increase,  citizens 
place  more  and  more  demands  upon  public  lands. 
Demands  for  commodities  such  as  red  meat,  recrea- 
tion sites,  minerals,  and  energy  increase  dally. 
Consequently,  intensive  management  of  these  re- 
sources is  becoming  Increasingly  Important. 

Wildlife  biologists  must  be  willing  to  pro- 
vide input  into  all  land  management  decisions  if 
wildlife  benefits  and  detriments  are  to  be  con- 
sidered.  Until  now,  predictive  methods  for  as- 
sessing the  potential  impacts  of  vegetation  man- 
agement on  wildlife  habitat  were  not  available. 
Multiple  resource  management  needs  an  analytical 
system  which  allows  the  prediction  of  the  effects 
of  land  management  activities  on  wildlife  habi- 
tats and,  ultimately,  on  wildlife  populations. 
Thomas  (1979)  and  Salwasser  and  others  (1980) 
have  described  the  concept  of  a  predictive  wild- 
life habitat-oriented  system  which  will  allow 
more  comprehensive  assessments  of  land  manage- 
ment actions  on  native  wildlife  species.   The 
system  in  California  is  known  as  the  Wildlife 
Habitat  Relationships  Program,  and  is  a  joint 
endeavor  of  many  Federal  and  State  agencies,  as 
well  as  some  private  organizations.   What  fol- 
lows is  being  developed  as  an  aspect  of  the  Wild- 
life Habitat  Relationships  Program,  and  is  pre- 
sented only  in  an  exemplary  manner. 

In  southern  California,  two  large  ungulates, 
mule  deer  (Odocolleus  hemlonus)  and  mountain 
sheep  (Ovis  canadensis) ,  are  major  faunal  ele- 
ments of  chaparral  ecosystems.   The  objectives 
of  this  paper  are  to  describe  briefly  the  distri- 
bution and  habitat  requirements  of  these  species, 
provide  examples  of  various  habitat  management 
models  which  are  being  developed  for  the  Wildlife 
Habitat  Relationships  Program,  and  discuss  options 
and  constraints  in  managing  chaparral  for  wildlife, 

Mule  deer  occur  throughout  the  mountain  ranges 
of  southwestern  California.   Both  resident  and 
migratory  populations  are  present.   Winter  ranges 
are  generally  between  400  and  2,500  meters  eleva- 
tion, and  summer  ranges  between  2,000  and  3,600 
meters  (Longhurst  and  others  1952).   Deer  inhabit 


>    ch    Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
«!  ent  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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diverse  land  forms,  on  slopes  generally  less  than 
60  percent.   South  aspects  are  preferred  during 
winter,  north  aspects  during  suiraner  (Taber  and 
Dasmann  1958).   A  variety  of  vegetation  types  are 
utilized  by  deer  (Longhurst  and  others  1952,  Taber 
and  Dasmann  1958) .   Chamise  (Adenostoma  fascicu- 
latum)  and  mixed  chaparral  stands  commonly  are 
used  below  2,A00  meters  elevation  (Cronerailler 
and  Bartholomew  1950).   Water  generally  is  avail- 
able within  800  meters  of  occupied  habitats. 

Mountain  sheep  occur  in  the  San  Gabriel  and 
San  Bernardino  Mountains.   Both  resident  and  mi- 
gratory populations  are  present  (Weaver  and  others 
1972,  DeForge  1980).   Winter  ranges  generally  are 
between  1,200  and  2,400  meters  elevation  and  sum- 
mer ranges  between  2,000  and  A, 500  meters.   Approx- 
imately 70  percent  of  the  observations  (Roll  and 
others  1980)  showed  mountain  sheep  used  slopes 
from  50-90  percent,  having  south  or  southeast  as- 
pects, and  supporting  vegetation  dominated  by 
chaparral  whitethorn  (Ceanothus  leucodermis) , 
mountain  mahogany  (Cercocarpus  betuloides),  and 
chamise.   Mean  shrub  cover  is  approximately  30 
percent  and  herbaceous  cover  is  less  than  5  per- 
cent (Light  and  Weaver  1973).   Water  usually  is 
available  within  AOO  meters  of  occupied  habitats. 


DISCUSSION  OF  HABITAT  MODELS 

Background 

While  we  cannot  accurately  predict  the  number 
of  deer  or  sheep  which  a  given  vegetation  type 
supports,  we  can  predict  population  responses  of 
these  species  to  changes  in  the  conditions  of 
their  habitats o   The  models  presented  here  pre- 
dict relative  changes  in  deer  and  sheep  popula- 
tions with  respect  to  the  potential  capabilities 
of  chaparral  vegetation  (table  1).   A  high  capa- 
bility habitat  would  potentially  support  a  rela- 
tively dense  population,  or  a  population  of  les- 
ser density  but  which  exhibits  a  high  recruitment 
rate.   Because  of  environmental  resistance,  the 
actual  population  in  a  high  capability  habitat 
may  not  exhibit  high  productivity,  but  this  does 
not  alter  the  habitat's  (i.e.,  the  vegetation's) 
potential.   A  low  capability  habitat  would  not 
support  a  dense,  self-sustaining  population;  if 
it  contains  a  population,  some  individuals  would, 
by  definition,  be  immigrants  from  other  higher 
capability  habitats. 

There  are  several  important  management  impli- 
cations in  the  concept  of  defining  seasonal  habi- 
tat capability  in  terms  of  its  contribution  to 
population  recruitment.   Each  seasonal  range  has 
a  finite  supply  of  forage  and  cover  resources.   If 
that  supply  is  sufficient  to  support  a  deer  popula- 
tion, any  excess  individuals  will  disperse  to  other 
available  habitats.   Among  sheep,  the  tendency  to 
disperse  appears  to  be  more  limited  (Geist  1971). 
There  is,  however,  increasing  evidence  that  moun- 
tain sheep  may  occupy  newly  available  suitable 
habitats  (Bleich  and  others  1980,  Campbell  and 
Remington  1979,  Holl  and  others  1980,  Riggs  and 


Table  1 — Habitat  capability  as  described  by  sel-" 
ected  population  parameters. 
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Habitat 
Capability 


High 

Moderate 

Low 


Population  Parameters 


Density 


Recruitment 
Mortality 


Emigration 


Increasing 
or  stable 

Stable 

Decreasing 


^  1 

^  1 
<1 


Yes 

No 
No 


1 

Peek  1980),  and  this  could  be  of  paramount  impoj  cai 

tance  in  future  sheep  habitat  management  decislci''" 

trt 

Where  deer  find  other  adjacent,  unstocked  but f! 
high  capability  habitat,  they  may  increase  to 
their  tolerance  density  and  produce  more  disper-j  '" 
sers.  On  deer  summer  ranges,  this  leads  to  rap:i '■' 
colonization  of  newly  available  habitats,  but  oi||S 
when  there  are  sufficient  high-capability  rangeii'^f 
to  produce  dispersers.  When  high  capability  sm 
mer  ranges  are  missing,  new  habitats  may  not  bel 
readily  colonized  for  lack  of  dispersers. 

On  winter  ranges  of  both  species,  carrying  d  itc' 
acity  may  be  exceeded  because  there  often  is  no  U 
other  suitable  habitat  available.  Managers  shol  S'tl 
attempt  to  balance  the  capacities  of  all  season] 
ranges.  High  capability  winter  ranges  are  able 
to  support  positive  recruitment  only  if  the  sum 
mer  ranges  provide  healthy  animals. 


tcl 

rf 


liSi 

ilS 


Perhaps  the  most  significant  implication  of 
concept  for  land  management  is  the  importance  o 
identifying  high  capability  seasonal  ranges  and 
either  maintaining  or  recreating  their  characte 
istics.   This  is  a  distinct  alternative  to 
applying  non-site-specific  prescriptions  to  allBlir; 
lands  within  a  herd's  seasonal  range.  Moderate 
capability  ranges  should  be  targeted  for  enhanc 
ment.   Low  capability  ranges  should  be  treated 
only  if  they  have  a  reasonable  potential  for  in 
provement  and  they  are  adjacent  to  high  capabil 
habitat. 
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Within  each  seasonal  range  there  are  distinc 
habitat  elements  and  attributes  which  determine 
its  capability.   Selected  aspects  of  these  atti 
butes  will  be  addressed  in  the  habitat  models, 
will  focus  on  the  following: 

Vegetation  Stage:   A  designation  of  the  existl 
vegetation,  its  age  class  and  canopy  cover. 
Canopy  Cover  of  Dominant  Plants;   Percent  canoj 
cover  of  plants  describing  the  vegetation  t] 
Stand  Size:   The  area,  in  hectares,  of  a  distiiptiji 

stand  of  vegetation. 
Cover  and  Forage  Proportions :  The  proportion  ( 
an  area  in  vegetation  stands  that  meet  covei 
standards,  and  the  proportion  in  vegetation 
stands  that  provide  forage  but  do  not  meet  <  It- 
er standards.  The  proportions  apply  to  stai  ji 
within  a  delineated  seasonal  range.   Standa: 


for  thermal  and  hiding  cover  differ  by  vegeta- 
tion type  and  season  of  use.   Stand  area,  can- 
opy cover  of  dominant  plants,  and  species 
composition  of  stands  qualifying  for  cover 
designation  must  be  stated  for  each  seasonal 
habitat  model. 

In  order  to  understand  the  models,  it  is  neces- 
sry  to  consider  the  following  definitions: 
Frage  Area:   A  vegetation  stand,  or  group  of 
stands,  that  provides  high  quality  forage,  but 
lacks  structure  which  meets  thermal  or  hiding 
.  cover  requirements, 

formal  Cover  Area:   A  vegetation  stand,  or  group 
of  stands,  containing  shrubs  or  trees  that,  be- 
cause of  their  growth  form,  height,  and  canopy 
cover,  are  able  to  moderate  temperature  ex- 
tremes.  Such  stands  may  also  provide  forage. 
3^  Hiding  Cover:   Any  stand  of  vegetation  that 
is  capable  of  hiding  90  percent  of  an  adult 
deer  from  human  view  at  a  distance  of  less 
than  or  equal  to  70  meters. 
3;ep  Escape  Terrain:   An  area  of  steep,  rocky 
terrain,  lacking  dense  vegetation  and  which 
, allows  a  sheep  an  unobstructed  view  for  at 
,  least  100  meters. 

Because  chaparral  vegetation  is  such  an  impor- 
Eiit  component  of  the  habitats  of  mountain  sheep 
(■;ill  and  others  1980)  and  mule  deer  (Longhurst 
al  others  1952),  it  was  selected  as  the  example 
f  which  management  models  would  be  presented, 
r  t  chaparral  is  so  important  from  the  standpoint 
D  fire  management  (Philpot  1979)  and  the  numerous 
t  hniques  available  for  manipulation  (Menke  and 
V   lasenor  1977,  Green  1977a,  Green  1977b,  Bis- 
w  1  1977)  are  additional  factors  which  influenced 
D  selection.   We  have  further  limited  our  dis- 
c  sion  to  the  winter  and  spring,  and  we  use  the 
f'  lowing  dates  and  characteristics  to  describe 
t se  seasons: 

rf  iter:   December  22-March  21;  highest  rainfall 
and  coolest  temperatures.   Grasses  are  green 
and  growing. 
))  ing:   March  22-June  21;  little  rain  and  warm- 
ing temperatures.   Grasses  are  drying,  forbs 
are  flowering,  and  browse  species  are  initiating 
new  growth  and  flowering. 


-^Iparral  Habitat  Models 

On  chaparral  ranges,  forage  values  generally 

high  during  the  spring  and  moderate  during  the 
ter.   Deer  hiding  cover  is  high  year  round, 
winter-spring  thermal  cover  is  considered  high 
both  deer  and  sheep.   The  value  of  a  chaparral 
ge  as  sheep  escape  terrain  is  related  to  the 
morphology  of  the  area  and  is  an  inverse  func- 
n  of  shrub  density.   As  such,  it  is  difficult 
rate  chaparral  vegetation  as  escape  terrain 
sheep,  except  to  say  that  less  dense  stands 
better  than  higher  density  stands.   High 
lity  deer  hiding  cover  is  poor  quality  sheep 
ape  terrain;  the  converse  also  is  true. 

The  following  models  (figures  1-5)  are  based  on 
V  personal  experiences  and  a  review  of  the  lit- 


erature, and  portray  the  relative  value  of  chapar- 
ral ranges  to  deer  and  sheep  populations.   Sheep 
escape  terrain,  rather  than  deer  hiding  cover, 
was  considered  when  evaluating  vegetation  parame- 
ters for  sheep  populations. 

Relative  to  percent  canopy  cover,  thermal  and 
hiding  cover  values  are  similar  year  round  on 
chaparral  ranges,  but  marked  seasonal  differences 
occur  in  the  relative  forage  value  to  deer  on  a 
seasonal  basis  (fig.  1).   During  winter  and  spring, 
forage  value  peaks  at  perhaps  20  percent  canopy 
cover  and  then  declines  gradually.   This  is  a  func- 
tion of  the  large  amount  of  herbaceous  material 
produced  on  these  ranges,  particularly  at  low 
densities  of  perennial  plants.   The  relative  for- 
age value  for  deer  remains  relatively  high  up  to 
about  50  percent  canopy  cover.   Because  percent 
canopy  cover  is  closely  related  to  age  class,  and 
concomitantly  to  forage  quality,  relative  forage 
value  to  deer  declines  rapidly  as  canopy  cover 
exceeds  50  percent.   Cover  values  are  not  high 
until  a  minimum  of  50  percent  cover  is  attained. 

The  relative  forage  value  of  chaparral  winter 
and  spring  ranges  to  mountain  sheep  is  nearly  i- 
dentical  to  that  of  deer,  except  that  value  de- 
creases more  rapidly  as  crown  closure  increases 
(fig.l).   The  relative  value  of  hiding  and  ther- 
mal cover  is  greatest  when  canopy  cover  is  less 
than  15  percent.   These  values  reflect  the  decid- 
ed preference  of  mountain  sheep  for  open  shrub 
stands . 

The  relative  value  of  chaparral  habitat  as  a 
function  of  age  class  is  shown  in  figure  2. 
Cover  values  are  highest  in  mature,  but  not  deca- 
dent chaparral.   Forage  value  on  winter  and  spring 

ranges  are  highest  during  early  successional 
stages.   This  is  related  to  the  fact  that  young, 
vigorous  chaparral  shrubs  have  a  higher  forage 
value  than  do  old,  decadent  shrubs  (Taber  and 
Dasmann  1958) .   Young,  vigorous  chaparral  shrubs 
most  commonly  are  found  within  five  years  of  a 
fire. 

For  deer,  relative  value  of  chaparral  habitat 
as  a  function  of  stand  size  is  shown  in  figure  3. 
Thermal  cover  value  is  maximized  between  one  and 
8  hectares,  while  forage  and  hiding  cover  values 
peak  at  about  6  hectares  and  decline  rapidly 
thereafter  with  increasing  stand  size.   This  pri- 
marily is  a  function  of  the  stand  becoming  too 
large  for  deer  to  make  effective  use  of  ecotonal 
areas,  where  highly  productive  herbaceous  habitats 
may  provide  additional  high  quality  forage. 

Vegetation  patch  size  may  not  be  a  determinant 
of  habitat  quality  for  mountain  sheep,  owing  to 
their  affinity  for  steep,  rocky  terrain.   Therefore, 
we  have  used  the  distance  of  vegetation  stands  from 
escape  terrain  in  our  model  (fig. 4).   Forage  value 
is  greatest  within  150  meters  of  escape  terrain. 
Geomorphic  features  are  the  primary  determinants 
of  sheep  thermal  cover  value;  however,  their  value 
can  be  enhanced  with  a  few  large,  scattered  shrubs, 
up  to  about  15  percent  canopy  cover.   Again,  this 
reflects  the  preference  of  sheep  for  open  terrain. 
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Figure  1.   Relationship  of  percent  canopy  cover 
of  chaparral  vegetation  to  meet  forage  and  cover 
requirements  of  mule  deer  and  mountain  sheep. 
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Figure  3.  Relationship  of  size  of  chaparral  vegi' 
tation  stand  to  meet  forage  and  cover  requiremen' 
of  mule  deer. 
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Figure  U.  Relationship  of  distance  of  vegetatio 
stand  from  escape  terrain  to  meet  forage  and  gov 
requirements  of  mountain  sheep. 
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Figure  2.   Relationship  of  vegetation  stand  age 
class  of  chaparral  vegetation  to  meet  forage  and 
cover  requirements  of  mule  deer  and  mountain  sheep. 
G/F/S=Grass,  forh,  seedling 
YS=  Young  shrub 
MS=  Mature  shrub 
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Figure  5.   Relationship  of  cover/forage  proporti 
of  chaparral  vegetation  to  meet  forage  and  coverj  \,^ 
requirements  of  mule  deer  and  mountain  sheep. 
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The  relative  value  of  chaparral  ranges  for  deer 
r  sheep  as  a  function  of  proportions  in  cover 
r  forage  is  reflected  in  figure  5.   It  has  been 
iviously  estimated  (Taber  and  Dasmann  1958)  that 

Dver  and  forage  proportion  of  50  percent  of  each 
sideal  for  deer,  while  Thomas  and  others  (1979) 
ae  suggested  proportions  of  40  percent  and 
Cpercent. 

The  relative  value  of  chaparral  ranges  as  a  func- 
In  of  the  cover  proportion  is  skewed  to  the 
Iht  of  that  for  deer  (fig.  5).   In  this  context, 

hift  to  the  right  reflects  a  lower  shrub  den- 
lly  or  lower  percent  crown  cover.   With  a  low- 
rcover  proportion  a  greater  degree  of  openness 
gjexpected,  thereby  increasing  the  value  to 
feep  because  of  their  decided  preference  for  more 
pa  habitats. 


^AGEMENT  OPTIONS  AND  CONSTRAINTS 

ylanagers  can  effectively  manipulate  wildlife 
calations   through  direct  population  manipula- 
in  or  habitat  modification  (Caughley  1977,  Scot- 
€  1980) .   Direct  population  manipulation  usually 
£jires  modification  of  existing  harvest  strate- 
is;  this  subject  will  not  be  covered  here.   Hab- 
tt  manipulation  may  be  categorized  as:  (1)  di- 
et rehabilitation  of  ranges  whose  capability 
a  declined  because  of  natural  processes  or  past 
aagement  strategies;  (2)  direct  enhancement  of 
3i,sting  habitat;  and  (3)  modification  of  other 
EDurce  management  practices  (Scotter  1980) . 

Several  methods  of  vegetation  manipulation  are 
vilable  to  the  land  manager  interested  in  fea- 
uLng  deer  or  sheep.   Each  method  produces  vary- 
D  effects  and  has  different  cost  factors 
tDle  2) .   The  preferred  method  must  be  capable 
f^roducing  the  desired  objectives  for  the  wild- 
Is  population  and  vegetation  structure  and,  when- 
v:  possible,  be  compatible  with  other  resources. 


Mechanical  treatments  such  as  disking,  crushing, 
chaining,  raking,  and  railing  can  be  used  to  im- 
prove the  productivity  of  desired  forage  species. 
However,  the  costs  are  relatively  high  (Roby  and 
Green  1976,  Green  1977a,  and  Yoakum  and  others 
1980). 

Erosion  potentials  following  treatment  are  de- 
pendent on  the  method  and  the  amount  of  vegetation 
removed.   Brushrakes  and  ball  and  chain  treatments 
may  produce  high  erosion  potentials,  while  a  modi- 
fied chain  and  disking  treatment  will  produce  the 
least.   Additional  treatments  may  be  necessary 
following  mechanical  manipulation.   Generally, 
mechanical  treatments  are  desirable  only  on  slopes 
less  than  30  percent;  however,  a  ball  and  chain  may 
be  used  on  slopes  greater  than  30  percent  in 
suitable  terrain  (Roby  and  Green  1976,  Green  1977b), 

Properly  planned  mechanical  treatments  can  re- 
sult in  irregular  edges  and  leave  islands  of  cover 
(Yoakum  and  others  1980).   They  are  particularly 
suitable  for  chaparral  ranges  inhabited  by  deer, 
where  optimum  openings  are  5-15  hectares  in  size. 
Mechanical  treatment  of  vegetation  on  mountain 
sheep  ranges  generally  is  impractical  because  of 
the  steep  slopes  and  rugged  terrain  they  inhabit. 

Herbicides  offer  possibilities  for  improving 
wildlife  habitat  and  some  positive  results  have 
been  obtained.   However,  wildlife  habitats  are 
composed  of  a  variety  of  plant  species  which  re- 
spond differently  according  to  chemical  concentra- 
tions and  time  of  application.   This  often  makes 
the  use  of  sprays  unpredictable  in  terms  of  their 
overall  effect  (Scotter  1980,  Yoakum  and  others 
1980) .   Chemical  treatment  of  vegetation  on  chap- 
arral ranges  can  be  used  as  a  preparation  for  burn- 
ing, density  reduction  of  inpenetrable  brush 
stands,  or  maintenance  of  low  density  brush  stands. 

The  application  of  herbicides  can  be  relatively 
inexpensive.   They  can  be  aerially  broadcast  or 


'sle  2 — Some  management  options  for  vegetation 
isipulations  in  chaparral  habitats,  and  predict- 
idresults. 
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Heavy  Fuel      ;   Deer 
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Recent  U.S.  Forest  Service  Estimates  (Dollars) 
■H=High;  M=Moderate;  L=Low 


^Costs  vary  with  the  species  involved.   Cattle 
often  create  a  positive  cashflow  for  the  land- 
owner; p.oats  often  create  a  negative  cash  flow. 
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selectively  sprayed  by  hand  in  a  variety  of  ter- 
rains.  Close  supervision  is  necessary  to  assure 
that  target  species  are  treated  and  drift  is  min- 
imized (Roby  and  Green  1976,  Green  1977b). 

Indiscriminant  application  of  herbicides  can  re- 
sult in  a  loss  of  both  cover  and  forage.   Although 
no  cases  have  been  documented  of  lethal  effects  of 
herbicides  when  properly  applied,  certain  chemicals 
possibly    may  cause  abnormalities  in  some  animals. 
It  is  possible  that  legal  restrictions  on  the  wide- 
spread use  of  herbicides  will  prevent  their  future 
application  (Scotter  1980) , 

Handwork  includes  cutting  shrubs  and  trees,  grub- 
bing root  crowns,  selectively  applying  herbicides, 
and  planting.   These  treatments  are  feasible  in 
all  terrains  and  reduce  soil  disturbance  to  a  min- 
imum.  Handwork  is  usually  carried  out  in  conjunc- 
tion with  other  vegetation  m.anipulation  projects. 
This  may  include  selectively  spraying  stumps  and 
root  crowns  following  prescribed  burns  or  mechani- 
cal manipulation,  or  cutting  control  lines  around 
prescribed  burns.   High  manpower  requirements  and 
slow  progress  severely  limit  the  practicability 
of  handwork  (Green  1977b). 

Grazing  practices  and  vegetation  manipulation 
for  domestic  livestock  can  have  significant  ef- 
fects on  native  ungulates.   The  effects  may  be 
positive  or  negative,  depending  on  the  timing  and 
level  of  stocking,  current  range  conditions,  or 
the  amount  of  habitat  manipulated. 

Competition  for  limited  forage  usually  occurs 
among  the  most  palatable  species  (Bryant  anc? 
others  1979).   On  low  capability  chaparral  ranges, 
competition  for  palatable  species  would  be  great- 
est with  goats  (Bryant  and  others  1979),  moderate 
with  domestic  sheep  (Longhurst  and  others  1979) 
and  least  with  cattle.   Heavy  utilization  of  herb- 
aceous forage  by  cattle  may  be  detrimental  to 
deer  (Bowyer  and  Bleich,  unpubl.  data);  however, 
as  long  as  sufficient  forage  of  all  categories  are 
available,  competition  is  not  likely  to  occur 
(Longhurst  and  others  1979) • 

Modification  of  grazing  practices  may  be  one  of 
the  best  tools  for  improving  deer  forage.   For  ex- 
ample, Biswell  and  others  (1952)  discussed  the  use 
of  domestic  sheep  to  augment  control  of  shrub  re- 
growth  on  disturbed  ranges  where  the  deer  popula- 
tion was  inadequate  to  do  so.   This  would  main- 
tain an  open  shrub  community  interspersed  with 
grasses  and  forbs.   Longhurst  and  others  (1979) 
concluded  that  deer  grazing  alone  did  not  maintain 
herbaceous  ranges  in  the  most  productive  condition 
for  deer  and  that  livestock  could  be  utilized  to 
achieve  this  objective.   Additionally,  the  judi- 
cious use  of  cattle  can  be  used  to  provide  flexi- 
bility and  control  of  browsing  on  deer  ranges 
(Gibbens  and  Schultz  1962),   Thus,  both  livestock 
and  wild  ungulate  grazing  are  useful  to  maintain 
the  desired  serai  stage  of  a  plant  community 
(Longhurst  and  others  1976,  Scotter  1980). 

We  recommend  caution  when  attempts  are  made  to 
integrate  grazing  practices  with  mountain  sheep. 


The  rugged  terrain  inhabited  by  mountain  sheep  iri' 
hibits  herding  of  domestic  stock,  and  the  low  for 
age  production  of  many  sheep  ranges  increases  the 
possibility  of  competition.  Additionally,  moun- 
tain sheep  are  extremely  susceptible  to  diseases 
of  domestic  stock,  and  these  diseases  have  been 
implicated  in  several  recent,  major  die-offs  of 
mountain  sheep  (Foreyt  and  Jessup  1980,  Jessup 
1981). 
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Prescribed  burning  is  recognized  as  a  viable  a 
economical  tool  for  vegetation  management  on  wild 
ungulate  ranges  (Yoakum  and  others  1980).   Pres- 
cribed burning  is  applicable  in  a  variety  of  vegej 
tation  types  and  in  a  variety  of  terrains.   Not  1""'" 
only  do  fires  create  a  mosaic  of  vegetation  strucF 
tures  between  vegetation  types,  they  will  also  err'* 
ate  a  mosaic  within  types  (Lyon  and  others  1978).]""^ 
With  the  advent  of  the  helitorch,  prescribed  burrf 
ing  can  now  be  conducted  under  conditions  which  iW-^ 
the  past  would  have  been  impossible.  '"^' 
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Early  work  on  northern  California  chaparral 
ranges  documented  the  beneficial  effects  of  pres- 
cribed burning  on  the  productivity  of  deer  populc' 
tions  (Biswell  and  others  1952,  Taber  and  Dasmanr 
1957,  Taber  and  Dasmann  1958).  More  recently,  |i 
Longhurst  and  Connolly  (1970)  have  also  shown  an 
increase  in  deer  harvest  within  recently  burned  \^^1 
ranges.  The  value  of  burning  on  mountain  sheep 
ranges  has  also  now  been  recognized  (Stelfox  197|'"^ 
Peek  and  others  1979,  Riggs  and  Peek  1980,  Holl  P 
and  others  1980).  W" 

k  sh 

While  burning  may  be  a  highly  desirable  manag»'i ' 
ment  tool,  it  may  not  be  applicable  under  all  ci: 
cumstances  (Leisz  and  Wilson  1980).  Additional! 
Longhurst  and  others  (1976)  questioned  the  cost/ 
benefit  ratio  of  burning  chaparral  ranges  solelyl 
to  benefit  wildlife.  These  authors  concluded  th' 
additional  multiple  use  benefits  should  accrue 
to  make  prescribed  burning  economically  justifiaf 
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A  cursory  analysis  of  habitat  utilization  of 
mule  deer  and  mountain  sheep  shows  that  their 
preferences  are  different.   Different  models  ar^ 
necessary  to  describe  the  habitat  requirements  cj 
these  two  species.   The  models  designed  for  man; 
ment  of  deer  habitat  stressed  vegetation  structij 
and  composition.   Models  designed  for  managemen 
of  mountain  sheep  habitat  emphasized  both  geoino 
phic  and  vegetative  features.   Management  oppor- 
tunities are  more  liberal  for  mule  deer;  howevei 
the  preferred  habitat  management  technique  for  ■;: 
either  species  should  be  integrated  with  other  fpst 
resource  management  objectives.  '  ":• 
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3sponse  of  Deer  to  Fuel  Management 
lograms  in  Glenn  and  Colusa  Counties, 
Ulifornia^ 


ll  Thornton- 


Deer  are  the  most  numerous  and  popular  big 
me  animal  in  the  State  of  California,  with  a 
ported  hunting  harvest  of  32,377  in  1980.   Herd 
pulations  statewide  have  suffered  long-term 
clines  since  1954  when  a  high  of  75,602 
imals  were  harvested.   This  report  deals 
ecifically  with  Columbian  blacktail  (Cervidae 
(ocoileus  Columbianus)  of  the  Coast  Range 
tantains  of  California,  not  the  mule  deer  species 
(  the  Sierra  Nevadas  and  south  coast,  even 
lough  many  requirements  and  management  impli- 
(tions  are  similar. 

Glenn  and  Colusa  Counties  are  located  on  the 
istern  side  of  the  Sacramento  Valley,  about  100 
jrmiles  north  of  San  Francisco.   The  western 
jrts  of  the  counties  are  largely  public  lands. 
Tying  from  oak-grass  foothills  at  lower  eleva- 
lons  through  large  expanses  of  chaparral  into 
Imber-covered  higher  mountains.   For  management 
lasons,  the  deer  are  biologically  grouped  into 
•at  is  known  as  the  Alder  Springs  Herd. 

The  Alder  Springs  Herd  suffered  the  same  de- 
(ine  in  population  experienced  by  most  of  the 
Ird  units  statewide.   Historically,  this  Herd 
inually  harvested  1,300  to  1,500  animals  during 
le  1950's  and  early  1960's,  falling  steadily  to 
'0  to  400  during  the  1970's.   Deer  need  a  proper 
IX  of  season-long  forage,  escape  and  thermal 
(ver,  useable  water,  and  a  degree  of  solitude 
cring  fawning  periods  to  maintain  or  increase 
leir  populations.   By  1970,  the  Herd  Unit  was 
laracterized  by  large  stands  of  over-mature 
laparral  that  had  developed  from  large  wild- 
:res  of  the  late  1940's  and  early  1950's,  mature 
sands  of  old-age  conifers  or  thickets  of  sapling- 
ized  conifer  regeneration  where  logging  had 
(curred,  and  even-aged  stands  of  blue-oak,  high- 
ned  through  browsing.   This  habitat  situation 
Id  developed  over  time,  due  primarily  to  a  fire 
lotection  policy  that  has  suppressed  all  fires 
;  the  smallest  possible  acreage  and  timber  poli- 
(es  that  allowed  slash  to  accumulate  in  unnatural 
<ounts  and  minimized  surface  disturbance.   Such 


resented  at  the  Symposium  on  Dynamics  and  Man- 
■ement  of  Mediterranean-type  Ecosystems, 
■ne  22-26,  1981,  San  Diego,  California. 

nit  Manager,  California  Department  of  Fish  and 
me,  Willows,  California   95988. 


Abstract:   Seven  years  of  an  active,  coordinated, 
fuel  management  program  on  the  Mendocino  National 
Forest  has  led  to  a  300  percent  increase  in  the 
deer  population,  improvement  in  their  condition, 
increase  in  their  available  range  and  redistri- 
bution of  populations.   It  has  not  led  to  signif- 
icant increases  in  hunter  numbers  nor  serious 
conflicts  with  other  resource  uses  of  the  same 
area. 


policy  inexorably  led  to  old-age  stands  of  vege- 
tation exhibiting  little  diversity,  with  occa- 
sional large-acreage  wildfires  that  burned  in- 
tensely. 

Most  of  the  local  chaparral  and  timber-related 
browse  species  require  fire  as  a  rejuvenating 
part  of  their  life  cycles  and  provide  excellent 
deer  forage  when  young.   A  large  wildfire  in- 
creases the  amount  of  forage  (brush  sprouts  and 
forbs)  dramatically  but  sets  up  a  "feast  or  fa- 
mine" situation.   Animal  populations  start  to 
rise  dramatically  after  a  fire,  only  to  quickly 
return  to  previously  low  levels  as  the  brush 
species  mature,  forbs  are  eliminated  by  brush, 
and  protein  levels  decline  (3  to  5  years).   Also, 
deer  do  not  have  the  biotic  potential  to  effec- 
tively use  all  the  forage  created  by  the  large 
fire,  and  finally,  forage  is  only  one  of  the 
requirements  of  their  life  cycle.   Mature, 
heavy  stands  of  vegetation  also  significantly 
lower  supplies  of  available  water,  another  im- 
portant need  of  all  wildlife. 

The  Department  of  Fish  and  Game  and  the  Mendo- 
cino National  Forest  began  in  1973  to  try  to 
change  the  essentially  unmanaged,  custodial  sit- 
uation into  an  actively  managed  one.   Our  goal  was 
to  increase  overall  land  productivity  and  manage- 
rial effectiveness,  with  objectives  specifying  in- 
creased populations  of  wildlife,  more  available 
water,  additional  cattle  grazing  and  less  large 
wildfires.   Today,  we  actively  pursue  four  pro- 
grams, always  cooperatively  on  the  ground. 


Specifically 

1.  Prescribed  burning  of  chaparral  stands,  keyed 
to  individual  20- to  50-acre  (8- to  10-hectare  ) 
burns  occurring  over  a  25- to  30-year  rotation. 
This  program  has  annually  treated  an  average  of 
2,000  acres  (800  hectares)  per  year  since  1973. 

2.  Prescribed  burning  of  summer  dormant  perennial 
grass  fuelbreaks  and  type  conversions  established 
within  the  chaparral  type  in  the  late  1950's  and 
early  1960's.   This  program  started  in  1978  and 
treats  500  to  600  acres  (200  to  400  hectares) 
annually,  with  a  rotation  (reburn)  occurring  at 

10  years. 

3.  Underburning  of  conifer  stands  with  disposal 
of  logging  slash. 


|j  ■  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
■eriment  Station.  Forest  Service.  U.S.  Department  of  Agnculture;  1982. 
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4.   Coordination  of  management  activities  of 
other  programs,  i.e.,  fuel  reduction,  timber 
management,  range,  recreation,  etc.  with  deer 
management  program  objectives. 


Deer  Response  To  These  Four  Programs  Has  Been  As 
Follows: 


4.   Each  acre  (4  hectares)  of  chaparral  burned  -o 
duces  an  additional  100,000  gallons  (380,000  li 
ters)  of  Water  the  first  year,  declining  to  noril, 
(pre-burn)  yield  at  about  15  years.   About  half 
the  increase  comes  as  extended  season  supplies  )r 
springs,  seeps, and  intermittent  streams.   Water 
sources  increase,  in  good  location  to  available 
forage,  often  including  an  increase  in  riparian 
vegetation,  especially  important  for  fawning. 


1.  Deer  population,  measured  through  utilization 
studies  and  license  returns,  has  increased  by 
approximately  300  percent  since  1973  on  over  half 
of  the  herd  range  (the  half  that  has  received  the 
highest  level  of  project  work). 

2.  The  condition  of  the  deer  has  visibly  improved. 
Fawn  production  has  increased;  spring  fawn  sur- 
vival is  high;  deer  are  fat  and  "clean"  with  few 
parasites  and  even  less  disease;  the  average 
weight  per  buck  taken  has  increased  approximately 
20  percent  field-dressed;  3  point  and  better  horn 
classes  have  increased  by  18  percent. 

3.  Deer  ranges  have  both  expanded  and  modified. 

4.  There  has  been  an  increase  in  public  use  of 
the  land. 


What  has  caused  these  responses?   Naturally,  the 
four  programs  have  been  responsible,  but  why?   To 
the  best  of  our  ability  to  measure,  specifically: 

1 .  Prescribed  burning  of  chaparral  results  in  a 
flush  of  nutritious  forage  with  high  protein  levels 
for  about  3  years,  then  returning  to  levels  assoc- 
iated with  "old  brush",  high  enough  to  maintain 
life  but  little  else.   Our  small  burns,  recurring 
within  each  watershed  each  year,  build  and  hold  a 
forage  level  that  is  available  for  the  increased 
populations  during  the  time  of  each  year  that  it 

is  needed. 

2.  Prescribed  burning  of  perennial  grasses  removes 
dry  matter  and  evidently  supplies  nutrients  for 

the  plant.   Available  forage  doubles  the  first  year 
and  holds  for  at  least  3  years  (we  don't  know  how 
much  longer  yet;  the  first  grass  burns  occurred 
3  years  ago) .   The  ashes  also  cause  the  grass  to 
begin  growth  about  two  weeks  earlier,  important 
for  a  deer  range.   Also,  we  know  that  a  prescribed 
burn  of  an  annual  grass  type  stimulates  and  in- 
creases filaree  and  clover,  preferred  by  deer 
over  grass.   This  also  comes  earlier,  increases 
deer  use  per  land  unit  by  about  25  percent  and 
is  an  important  early  spring  feed. 

3.  The  scattered  nature  of  smaller  prescribed 
burns  creates  maximum  edge,  but  also  as  impor- 
tantly, keeps  escape  cover  handy,  almost  100 
percent  available  at  any  time. 


5.  Deer  populations  have  moved  into  treated  aris 
previously  unused,  even  sometimes  leaving  culti 
vated  fields  for  improved  foothill  range.  More 
use  is  made  of  transition  ranges,  saving  summer 
range.  Our  work  has  tended  to  redistribute  the 
increased  population,  probably  an  important  fac 
tor  in  the  low  incidence  of  disease  within  the 
Alder  Springs  Herd. 

6.  Large  wildfires  have  been  kept  from  the  Her 

Unit  since  the  start  of  the  programs.   This  is 

partially  due  to  recognition  of  the  fact  that 

Such  fires  are  not  desirable  for  managing  a  dee 

population.   Once  this  is  agreed,  it  is  easy  fo 

the  biologist  to  support  larger  first  entry  bur; 

that  do  not  maximize  edge  but  prioritize  protec  o 

against  the  large  fire.   Second  and  third  entry 

burns  are  smaller,  serving  to  maximize  edge,  wa;r 

111' 
increase,  etc.  once  the  overall  fire  threat  is 

significantly  abated  via  the  first  entry. 

7.  Use  of,  and  products  from,  the  land  increas 
The  same  area  that  supports  the  300  percent  in- 
crease in  deer,  also  grazes  almost  4  times  the 
original  numbers  of  cattle,  sheep  and  goats  for 
carefully  selected  periods  of  the  year.   Sheep 
and  goats  are  considered  as  tools  for  deer  mana 
ment  by  the  biologist.   Research  shows  that  car 
ing  capacity  for  deer  and  soil  productivity  is 
higher  when  sheep  forage  the  same  area  under  co 
trolled  conditions. 

Users  get  to  see  more  wildlife  and  we  have  a 
hunter  success  rate  calculated  at  27  percent. 
Also,  public  safety  is  increased  for  the  users 


The  things  we  knew  and  have  recently  learned 
were  embodied  in  the  Alder  Springs  Deer  Herd  Ma 
agement  Plan  developed  in  1979.  This  Plan  deal 
with  both  the  deer  and  their  habitat  and  was  ap 
proved  by  the  Department  of  Fish  and  Game  and 
Mendocino  National  Forest.  It  describes  the  ex 
isting  situation;  sets  herd  goals  for  numbers, 
conditions,  level  of  use;  analyses  what  work  is 
needed  to  reach  them;and  develops  an  action  pla 
A  key  part  of  the  Plan  is  Habitat  Models  descrl 
the  condition  desired  for  chaparral  and  conifer 
vegetation  types.  The  four  programs  previously 
mentioned  are  some  of  the  ways  we  seek  to  reac 
the  agreed  Models.  The  responses  we  have  measu 
indicate  movement  toward  goals. 
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.BITAT  MODELS  PER  1,0U0  ACRES  (4U0  HECTARES) 
aparral  Vegetation  Type  -  50  Percent  Cover 
percent  thermal  (overstory) . 

i;  percent  hiding  (including  chamise  3+  years  old) 

I 

percent  fawning  in  8  to  10  acre  cells  (55  per- 
nt  palatable  grass  and  forbs),  30  percent 
cessible  brush  (50  to  70  percent  crown  closure), 
d  15  percent  dispersed  overstory  (10  to  30 
rcent  crown  closure). 

percent  optional  (to  be  treated  on  a  case-by- 
se  basis  toward  the  limiting  factor  for  that 
nagement  unit) . 

aparral  Vegetation  Type  -  50  Percent  Forage 

percent  perennial  grass  and  forbs. 

percent  annual  grass  and  forbs. 

percent  oaks  (oak  and  grass  type) . 

percent  new  brush  (1  to  3  years) . 

( aparral  Vegetation  Type 

l:er  within  one-third  mile  (.53  kilometers) 
liius  (essentially  a  non-linear  supply 
i  luation)  . 

iLitude  for  the  fawning  period  (starting  May  1 
c  lower  elevations,  continuing  to  June  15  at 
J'her  elevations) . 

}<ed   Conifer  Forest  Vegetation  Type  (includes 
tansition  range) 

]  percent  meadow  or  glade. 


15  percent  browse. 

15  percent  immature  timber  (shrub,  seedlings,  sap- 
lings) . 

20  percent  open  timber  (less  than  50  percent  crown 
closure) . 

Closed  stand  of  mature  timber  (50  to  100  percent 
crown  closure) . 

Oaks  (a  minimum  of  200  square  feet  per  40  acres) , 
(18  square  meters  per  16  hectares) . 

Water  (three  sources)  (essentially  a  linear  supply 
situation) . 

Solitude  (June  1  at  lower  elevations,  to  July  15 
at  upper  elevations) . 


In  conclusion,  7  years  of  experience  with  an 
active  fuel  management  program  has  resulted  in  a 
significant  increase  in  the  deer  herd,  healthy, 
larger,  animals  in  better  condition,  more  evenly 
distributed  throughout  their  natural  range.   The 
hunter  success  rate  is  high  and  everyone  is 
pleased  with  the  results  to  date.   An  economic 
analysis  based  on  the  7  years  of  project  costs, 
compared  to  values  of  deer,  water,  livestock 
forage  and  fire  suppression  savings,  shows  an 
8.1  benefit  cost  ratio  at  a  10  percent  discount 
rate. 

Equally  significant  are  the  things  that  have 
not  happened.   We  have  not  experienced  an  over- 
whelming increase  in  hunters.   Serious  conflicts 
with  other  uses  and  users  have  not  developed, 
and  finally,  the  public  continues  to  actively 
support,  and  cooperate  with  the  program. 
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Seasonal  Changes  in  Chaparral  Composition 
and  Intake  by  Spanish  Goats^ 

Ahmed  E.  Sidahmed,  James  G.  Morris,  Steven  Radosevich, 
and  Ling  J.  Koong^ 


Browse  may  contribute  a  major  portion  of 
goat's  diet  (Davis  and  others  1974,  Wilson  and 
others  1975).  Reports  on  diet  selection  by 
goats  in  different  regions  of  the  world 
(McCammon-Feldman  1980)  suggests  a  great  vari- 
ation in  feeding  habits  of  goats  in  different 
ecological  zones.  According  to  Coblentz  (1977) 
and  Kay  and  others  (1980),  goats  are   adaptable 
mixed  feeders  rather  than  browsers. 

The  objectives  of  this  paper  were  to  study 
the  seasonal  variations  in  intake,  digestibility 
and  composition  of  a  recently  burnt  chaparral 
community  by  Spanish  goats.  Correlations 
between  these  variables  were  examined.  The 
response  of  consumption  to  availability  and  its 
effect  on  grazing  strategies  by  goats  are 
discussed. 


MATERIALS  AND  METHODS 

Site  Description--This  study  was  conducted  in 
a  chaparral  community  burnt  June  1978  at  Hopland 
Field  Station  located  on  the  southeastern  part 
of  Mendocino  County  of  the  northern  coastal  area 
of  California  (latitude  39°N,  longitude  123°W). 
The  climate  is  mild  with  rainy  winters  and  dry 
summers.  Mean  annual  rainfall  is  112.0 
centimeters. 

Immediately  after  burning,  the  area   (3.2  ha) 
was  enclosed  by  a  deer  proof  fence.  Five  0.20 
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Abstract:  Seasonal  changes  in  utilization  of 
one  year  regrowth  of  chaparral  by  Spanish  goats 
was  investigated.  Esophageal  and  fecal  samples 
were  obtained  during  spring,  summer  and  fall  of 
1979.  Preference  of  Spanish  goats  was  highly 
directed  towards  oak  (50%)  and  chamise  (30%)  ir 
all  seasons.  Correlation  of  use  and  avail- 
ability indicated  that  goats  may  be  general ist 
but  select  between  the  dominant  species. 
Tannins  were  at  low  concentrations  and  did  not 
appear  to  be  affecting  utilization.  Predictive 
equations  for  intake  and  digestibility  were 
derived.  Recently  burnt  chaparral  provides  a 
maintenance  diet  for  Spanish  goats  during  sprir 
and  summer  only. 


to  0.26  ha  plots  were  constructed  inside  the 
fenced  area  and  one  of  these  (0.26  ha)  was 
chosen  to  conduct  the  seasonal  study  reported 
this  paper.  This  plot  was  dominated  by  four 
shrub  species  and  a  very  thin  cover  of  some 
grasses  and  forbs.  Initial  vegetation 
composition  (%  cover)  was  measured  at  the 
beginning  of  each  sampling  period  using  the 
line-intercept  technique  as  described  by  Cox 
(1972).  Cover  measurements  represented  the 
spread  of  the  twigs  (with  or  without  leaves) 
over  the  soil  surface  (Table  1).  The  shrub 
species  in  order  of  dominance  during  the  sprir 
season  measurement  were   chamise  (Adenostoma 
fasciculatum) ,  oak  (Quercus  dumosa  and  few 
Q.wislizenii ),  manzanita  (Arctostaphylos 
glandulosa),  and  ceanothus  (Ceanothus  cuneatus 
and  C.  foliosus). 

Forage  yield  was  not  measured  on  the  seasona 
study  plot.  The  regression  of  cover  on  yield 
(kg  DM)  measured  on  four  adjacent  plots  was 
highly  correlated  (P<.001)  and  justified  our  u 
of  cover  as  an  index  of  availability.  Daily 
temperature  means  during  sampling  were  19,  18 
and  12°C  for  the  spring,  summer  and  fall  period 
respectively. 


Table  1--Mean  percentage  cover  during 
spring,  summer  and  fall  seasons. 


K 
ft 
»1 
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ti 


III 


ii 


Spring 

Summer 

Fall 

Oak 

10.5 

11.7 

4.5 

Chamise 

10.9 

11.5 

9.2 

Manzanita 

1.1 

1.3 

0.5 

Ceanothus 

1.1 

1.4 

1.6 

Green  herb 

7.6 

0.2 

0.4 

Dead  herb 

0 

2.5 

0 

Dead  shrub 

leaves  0 
1 

3.6 

4.4 

Gen.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Rani| 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 


Animals  and  Sampling  Procedure 

Eight  esophageal  fistulated  Spanish  goat 
wethers  (1  to  2  years  of  age  purchased  from 
Southern  California  and  weighing  23.4  _+  2.6  kg) 
vere  used  in  a  grazing  trial  to  collect  dietary 
and  fecal  samples  during  spring,  summer  and  fall 
Df  1979.  Winter  grazing  trial  was  not  conducted 
as  the  site  (985  m  elevation)  was  considered 
jnsuitable  for  grazing  activity  during  the  cold 
nonths.  Prior  to  sampling,  the  animals  were 
idapted  to  the  vegetation  by  grazing  for  10  days 
nside  the  experimental  plots.  All  animals  were 
Irenched  for  internal  parasites  at  approximately 
;even  week  intervals  during  the  study.  Daily 
..amples  were  collected  in  the  following 
.equence:  15  days  in  each  of  the  spring  and 
■ummer  seasons  (June  4-19  and  August  21 
September  4),  and  for  12  days  in  fall  (October 
-20).  The  fall  trial  was  terminated  3  days 
■arlier  than  scheduled  because  of  cold  and 
tormy  weather. 

Four  goats  were  used  for  each  seasonal  study 
Table  2).  Goats  were  confined  overnight  prior 
0  daily  fecal  collection  at  0700  hr  which  was 
ollowed  by  a  1  to  2  hr  collection  of  esophageal 
istula  samples.  Once  diet  samples  were 
ollected,  the  fistulae  were  closed  and  the 
oats  were  left  to  graze  until  sunset.  Drinking 
,ater,  salt  and  dicalcium  phosphate  were  made 
vailable  ad  libitum  in  the  holding  pen  and  in 
he  experimental  plot. 


able  2--Live  weight  of  goats  and  sample 
Dllection  schedule. 


Animal    # 

Sample 
Count 

Live  weight 

(kc)) 

?ason 

Initial 

Final 

)ring 

1 

5 

20.4 

24.0 

2 

5 

22.9 

22.7 

3 

5 

24.0 

24.9 

4 

5 

24.3 

23.8 

mmer 

4 

5 

23.4 

23.1 

5 

4 

23.4 

23.1 

5 

5 

28.1 

23.6 

7 

5 

24.0 

23.6 

11 

3 

4 

23.1 

16.3 

5 

4 

25.0 

19.0 

7 

4 

24.5 

19.5 

3 

4 

17.2 

15.4 

ount:  a  unit  represents  compounded  a\ier- 

ge  of  3  days  collection  (feed  or  feces)  by  the 

ame  animal . 


Leaves  and  twigs  of  young  regrowing  green 
:)ots  were  clipped  at  the  middle  of  each 
asonal  grazing  ()eriod.  These  clipped  sample?-. 


together  with  esophageal  samples,  were  frozen, 
freeze -dried  and  ground  in  a  wi ley  mill  (1  mm 
screen)  preparatory  to  analysis.  The  fecal 
samples  were  oven  dried  at  55°C  and  moisture 
contents  were  recorded. 


Analytical  Procedures 

Diet  samples  collected  from  each  animal  over  a 
3-day  period  were  compounded  in  equal  propor- 
tions. Rumen  contaminated  samples  were 
excluded.  Five  composited  dietary  samples  per 
goat  were  obtained  to  represent  spring  and 
summer  periods  and  four  samples  per  goat  for  the 
fall  (Table  2).  From  each  compounded  sample,  as 
well  as  from  the  clipped  shrubs,  microscopic 
slides  were  prepared  for  microhistological 
identification  (Sparks  and  Malecheck  1968).  Use 
was  calculated  as  the  %   of  each  species  in 
fistulae  samples  on  a  dry  matter  basis. 
Kjeldahl  nitrogen  (N)  was  measured  by  the  AOAC 
(1975)  procedure.  Esophageal  and  clipped 
samples  were  incubated  with  rumen  liquor 
collected  from  a  donor  goat  fed  65%  shrub  and 
35%  alfalfa  hay  feed  mixtures  in  order  to 
estimate  in  vitro  digestibility  values  (Tilley 
and  Terry  1963).  Fiber  components  and  tannins 
•ere   estimated  by  the  sequential  detergent 
ystem  (Van  Soest  and  Robertson  1980).  The 
clipped  samples  were  analyzed  similarly,  and  a 
further  parallel  sequential  analysis  to  estimate 
tannins  and  cutins  was  performed  based  on  the 
method  described  by  Horvath  (1980)  with 
modifications  of  Van  Soest  (personal 
communication).  Intake  (I)  was  calculated  by 
dividing  average  daily  fecal  dry  matter  output 
(F)  for  samples  collected  in  either  3  or  6  days 
over  the  apparent  indigestible  coefficients  (Ra) 
obtained  in  vitro  for  dietary  samples;  I  =  F/Ra. 
Statistical  analyses  were  performed  using  the 
methods  described  by  Steel  and  Torrie  (I960). 


RESULTS  AND  DISCUSSION 

Dietary  Botanical  Composition 

Botanical  composition  of  the  esophageal 
samples  for  each  season  are   shown  in  Table  3. 
There  was  no  significant  change  in  dietary 
preference  with  seasons  (P>.1).  Oak  comprised 
over  half  the  diet  in  all  three  seasons, fol lowed 
by  chamise  (35%  of  the  ^iry   matter).  The  selec- 
tive behavior  of  the  goats  was  examined  by 
correlating  use  and  availability  (Nudd  1980, 
iJestoby  1980).  Use  (%  in  the  diet)  for  the  4 
shrub  species  was  significantly  associated  (r  = 
.85,  P<.005)  with  availability  (Tables  1  and  3). 
This  relationship  may  imply  a  generalistic 
strategy  where  resources  are   restricted  and 
fitness  is  attained  by  maximizing  energy  intake 
(Schoner  1971).  Within  the  esophageal  samples 
there  was  a  reciprocal  relationship  between  oak 
and  chamise  (r  =  -.89,  P<.005)  as  shown  in  fig- 
ure 1.  Use  was  poorly  associated  with  availabil- 
ity (r  =  -.13)  when  oak  and  chamise  were 
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Table  3--Meanl  percentage  botanical 
composition  of  esophageal  samples. 


Manza- 

Ceano- 

Season 

Oak 

Chamise 

nita 

thus 

Others 

Spring 
Summer 
Fall 
Mean  of 

57+4  34+3  1+1 
59+4  35+3  3+1 
51+4  38+4  6+2 

1  +  1  6  +  2 

2  +  1  1  +  1 
4+1  1  +  1 

all  3 

seasons 

56  +  4  36  +  3  3  +  1 

2  +  1  3  +  1 

^  1   SE^. 

considered  separately,  and  preference  for  oak 
and  chamise  coincided  with  dominance.  However, 
in  a  previous  study  (Sidahmed  and  others  1981a) 
conducted  in  southern  California, we  observed  a 
similar  preference  for  oak  and  chamise  in  a  plot 
dominated  by  manzanita  and  ceanothus.  This 
suggests  that  goats  exhibit  a  specialized 
behavior  for  oak  and  chamise. 

The  herbaceous  species  were  of  minor 
importance  both  in  the  plot  and  in  the  diet 
during  summer  and  fall  (Tables  1  and  3).  In  the 
spring,  the  diets  selected  contained  about  6% 
herbaceous  species  while  availability  was  7.6%. 
This  finding  may  suggest  that  consumption  of  the 
herbaceous  plants  was  restricted  by  avail- 
ability. But,  Westoby  (1980)  reported  that 
consumption  of  particular  foods  was  constrained 
by  availability  only  at  cover  values  below  0.5%. 


100 


80 


60 


•8 


Y  =  89.89  -  .94X 

{R  =  -.89***,  n=   56,  Sy^  =   13.6) 


.  •••& 


■.ft« 
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20 


100 


0  25  50  75 

CHAMISE  (%  of  Diet  Composition) 
•••correlation  significant  at  P  <  .005  level 


Figure  1--The  relationship  between  the  % 
composition  of  oak  and  chamise  in  esophageal 
samples  collected  by  goats. 


Table  4--Chemical  constituents  and  IVOMD  of 
clipped  shrubs.^ 


Chemical 

constit- 

Oak 

Chamise 

Manzanita 

Ceanothus 

uents  (%) 

CWC 
NAD 

59  +  4 
42+3 

55  +  7 
40  +  4 

41  +  2 
34  +  3 

60  +  4    k 
46  +  .9   l,t 

NADLk 

Cutin 

Ash 

N 

Tannins 

9  +  .3 
4  +  2 
4  +  .E 

1  +  .4 

2  +  .E 

8+2   10+1 
7  +  .8   9+2 

3  +  .4   3  +  .4 
\       1  +  .3   1  +  .1 

4  +  5     IT 

9  +  1    1 
3  +  .5  W 
2  T  2    ij 

IVOMD 

34  +  5 

28  +  6 

30  +  4 

26 1 5     ■;, 

^Means  +_  SD. 

See  text  below  for  key  to  abbreviations. 

Nutritional  Characteristics  of  Clipped  Shrubs 


ill 


The  chemical  composition  of  the  shrubs  was 
estimated  from  samples  clipped  during  each 
season.  Regression  of  in  vitro  digestibility 
(IVOMD)  on  chemical  constituents  (Table  4) 
showed  positive  and  linear  relationships  with 
nitrogen  (r  =  .69,  P<.05)  and  ash  (r=.77, 
P<.005).  Although  there  were  negative 
relationships  with  fiber  components  for  data 
pooled  from  all  shrub  species  (r  =  -.41  to 
-.56),  these  relations  were  not  significant. 
Also,  it  was  observed  that  the  correlation 
coefficients  of  fiber  components  in  oak  and 
chamise  were  greater  (r  =  -.40  to  -.67)  than  ir 
all  shrub  species.  Sequential  neutral -acid 
detergent  fiber  (NAD)  was  more  closely 
associated  with  IVOMD  than  other  fiber 
components.  With  herbaceous  feeds.  Van  Soest 
and  others  (1978)  suggested  that  acid  detergent 
fiber  and  lignin  depress  digestibility  more  the 
cell  wall  content  (CWC)  or  cellulose. 
Permanganate  lignin  (NADL^)  had  an  insignif- 
icant effect  on  depression  of  IVOMD  of  the  shri 
samples  (r  =  -.14).  However,  cutin  and 
sulphuric  lignin  (NADLg)  had  a  more  pronounced 
association  (r  =  -.41  and  -.31,  respectively). 
These  correlations  suggest  that  cutin  would 
depress  digestibility  of  shrubs  more  than  true 
lignin  (permanganate  lignin).  However,  Van 
Soest  (1969)  suggested  on  limited  data  that 
cutin  had  a  lesser  and  quantitatively  different 
effect  than  permanganate  lignin  on  depression  c 
digestibility  of  sunflower  and  caster  seed 
hulls. 


The  difference  between  acid  detergent  fiber 
(ADF)  and  NAD  gives  a  presumptive  estimate  of 
condensed  tannins  (Van  Soest  and  Robertson 
1980).  The  correlation  of  ADF-NAD  tannins  and 
IVOMD  was  low  for  all  shrubs  and  for  oak  and 
chamise  together  (r=.19  and  .43,  respectively). 
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Comparison  of  clipped 
les  showed  that  goats  se 
igestibility  (22-39  vers 
ersus  1.47%)  than  the  cl 
nd  5).  However,  the  ass 
estibility  was  higher  fo 
all  diets  (r  =  .69  and  . 
ummer  diets  (r  =  .43  and 
his  indicates  either  a  N 
igestibility  or  the  high 
lant  age. 


versus  esophageal  sam- 
lected  a  diet  higher  in 
us  39-47%)  and  N  (1 
ipped  samples  (Tables  4 
ociation  of  N  with  di- 
r  clipped  samples  and 
77)  than  spring  and 
.25,  respectively), 
limiting  effect  on 
correlation  of  N  with 


easonal  Changes  in  Intake  and  Digestibility 

No  significant  difference  (P>.05)  was 
bserved  between  intake  values  estimated  from 
verage  fecal  ouput  of  3  or  6  days.  Therefore, 
.ntake  values  based  on  calculations  using  3  days 
?cal  excretion  were  used  throughout  the  fol- 
Dwing  discussion.  Animal -season  interactions 
3uld  not  be  determined  by  two-way  analysis  of 
5riance  because  of  missing  cells  resulting  from 
^placing  goats  during  the  study  (Table  2). 
lerefore,  the  variation  between  animals  within 
3Ch  season  was  examined  first.  From  13  param- 
:ers  (IVOMD,  intake,  N,  tannins,  CWC,  NAD, 
\DC,  NADLg,  NADHC,  NADLjtNAD,  ash  and  fecal 
)isture),  there  were  significant  differences 
?tween  animals  in  intake  during  spring  and  fall 
'<.05,  P<.001,  respectively)  but  not  in  summer, 
so,  different  animals  consumed  diets  contain- 
ig  different  N  levels  (P<.05)  in  summer,  and 
illulose  (P<.05)  in  the  fall.  It  was  assumed 
lat  between-animal  variation  was  not  signif- 
:ant  except  for  intake. 

'ible  5--Percentage  dietary  chemical  constituents,  in 
tro  organic  matter  digestibility  (IVOMD)  and  fecaT" 
listure  content. ■'■ 


Dietary 

mstituents 

Spring 

Summer 

-d 

11 

All 

seasons 

(%) 

n=20 

n= 

10 

1  = 

16 

n=56 

OMD 

47  + 

33 

44  + 

63 

39 

+ 

5b 

43 

+  6 

take 

60  + 

17^ 

57  + 

nab 

36 

+ 

lie 

52 

+  17 

1.8  + 

.2^ 

1.4  + 

.2b 

1.2 

+ 

.2C 

1.5 

+  .3 

nmn 

~ 

OF-NAD) 

1  + 

1^ 

2  + 

23 

3 

+ 

23 

2 

+  2 

C 

46  + 

3a 

48  + 

43 

50 

+ 

63 

48 

+  4 

D 

31  T 

23 

34  + 

33 

36 

T 

4b 

34 

+  4 

DC 

18  + 

2a 

19  + 

33 

19 

+ 

33 

18 

+  2 

DLs 

11  + 

la 

12  + 

;[ab 

15 

+ 

3c 

13 

+  2 

DHC 

15  + 

23 

14  + 

13 

15 

+ 

23 

14 

+  2 

OLj  :  NAD 

36  + 

43 

34  + 

23 

37 

+ 

3b 

35 

+  4 

h 

10  + 

13 

9  + 

43 

8 

+ 

33 

9 

+  3 

cal 

*"~ 

^ 

isture 

45  + 

23 

46  + 

23 

46 

+ 

43 

45 

1   3 

'^'Means  with  different  superscripts  are  signifi- 
cantly different  (P<.05  -  P<.001). 
•  SO. 


Seasonal  means  of  intake,  digestibility  and 
chemical  composition  of  diet  samples,  and 
results  of  the  paired  t-test  comparisons  are 
summarized  in  Table  5.  Daily  feed  intake  (g 
DM/BW'75)  during  spring  and  summer  was 
significantly  (P<.005,  P<.01,  respectively) 
higher  than  during  fall.  Spring  and  summer 
intakes  (Table  5)  were  comparable  to  the  NRC 
(1975)  requirements  for  sheep,  and  to  recorded 
values  for  Spanish  goats  in  a  digestion  trial 
(Sidahmed  and  others  1981b).  The  reduction  in 
intake  from  2.7%  of  body  weight  during  spring 
and  summer  to  1.7%  during  the  fall  period  was 
reflected  in  more  than  20%  decline  in  live 
weight  (Table  2).  Similarly,  IVOMD  and  N  in 
esophageal  samples  declined  from  47%  in  the 
spring  to  39%  in  the  fall  and  from  1.76%  to 
1.23%,  respectively.  Also,  there  was  a  sig- 
nificant increase  in  NADL5  of  diet  samples  as 
seasons  advanced.  It  was  suggested  that 
decreasing  N  and  increasing  lignin-cutin  levels 
in  browse  as  it  matures  would  contribute  to 
reduction  in  its  utilization  by  goats.  These 
results  agree  with  conclusions  reported  by  Smith 
and  others  (1971)  that  cellulose  availability 
and  rate  of  cell  wall  digestion  were  adversely 
affected  by  increase  in  forage  lignin 
concentrations.  There  was  a  nonsignificant 
increase  in  dietary  ADF-NAD  tannins  between 
spring,  summer  and  fall.  However,  tannins 
levels  were  generally  low  (2%). 

Browse  Characteristics  Related  to  Intake  and 
Digestibility 

Dietary  fiber  components  (CWC,  NAD,  NADC, 
NADLg,  NADHC,  and  NADLs:ADF  ratio),  tannins, 
N,  fecal  moisture  content  and  mean  daily 
temperature  were  regressed  against  intake  and 
digestibility  individually  (Table  6)  and 
combined  in  a  stepwise  analysis. 

Predictive  equations  obtained  for  intake 
(DMI)  and  digestibi Itiy  (IVOMD)  were: 


1. 


dm:  =  -25.67  +  1.80  IVOMD 

(n=56,  Syx  =  17.72,  r  =  .59,  P<.005; 


IVOMD 


45  NADLs  + 


56.98  -  .46  CWC  - 
N  +  .09  DMI 
(n  =  56,  Syx  =  2.77,  r  =  .88,  P<.005) 


.65 


The  correlation  between  digestibility  and 
intake  was  significant  when  all  data  points 
(n=56)  were  considered  (equation  1).  However, 
when  intake  and  digestibility  were  regressed 
individually  for  each  season  (Table  6  and  Figure 
2)  the  coefficients  varied.  Intake  and 
digestibility  were  poorly  related  in  the  spring 
(r=.13),  but  significantly  related  in  summer 
(r=.73)  and  fall  (r=.45).  It  was  reported  by 
Lippke  (1980)  that  only  when  digestibility  is 
closely  correlated  with  factors  limiting  intake 
(for  example  CWC)  will  it  show  a  high  relation- 
ship to  intake.  In  this  study,  digestibility 
was  weakly  correlated  with  fiber  components 
during  the  spring  and  highly  correlated  during 
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V   =    2!  77  •  0  36X 

(R  ^    +0  73'",  n  =   20,  S^„  =   3  9( 


13,  n  =   20,  Sy,  =3  2) 


INTAKE  (grams  DM/kllogidm  BW  ") 


INTAKE  I9rams  DM/kilogfam  BW  ") 
Hon  signlltcant  at  P  <    005  level 


Y  =  33  19  t     19X 

(R  =   *  59-",  n  =  56,    S^^  =   4  5) 


•    ••  '      • 


30  40 

NTAKE  Ig'ams  DM/kllog'am  BW  ^ 


INTAKE  (grams  DM/kilogiam  BW  ^^) 
or>  significant  at  P  <    COS  leuel 


summer  and  fall.  The  effect  of  N  on  digest- 
ibility was  more  significant  during  fall  season 
and  on  intake  during  spring  season.  The  con- 
tribution of  CWC,  NADLs,  N  3"d  intake  to  the 
variation  in  digestibility  of  browse  diets  was 
77%  (equation  2). 

The  effect  of  dietary  ash  on  intake  and 
digestibility  was  not  significant.  This 
contrasted  to  the  strong  relationship  between 
ash  and  digestibility  of  clipped  samples  (r=.77, 
p<.005).  The  correlation  between  intake  or 
digestibility  with  temperature  was  positive 
(r=.30  and  .66,  respectively)  but  not  signif- 
icant. The  decline  in  temperature  from  19°C  in 
spring  to  12°C  in  the  fall  depressed 
digestibility  more  than  intake.  The  decline  in 
temperature  during  the  fall  was  accompanied  by 
storms  which  restricted  the  browsing  and 
selection  by  the  goats. 


ADF-NAD  tannins 
intake  (Table  6)  an 
nounced  effect  on  d 
the  fall  (r=-.66,  P 
ibility  studies  ind 
was  inhibited  at  ta 
1978,  Horvath  1980) 
tannin  as  reported 
would  not  likely  be 
IVOMD  values  of  the 
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were  poorly  correlated  with 
d  did  not  exhibit  a  pro- 
igestibility  except  during 
<.01).  In  vitro  digest- 
icated  that  digestibility 
nnin  levels  above  4%  (Mika 
.  Therefore,  low  levels  of 
in  the  present  study  (2%) 
responsible  for  the  low 
immature  shrub  diets.  The 


Figure  2.  The  relationships  between  digest- 
ibility (IVOMD)  and  intake  (  a  =  spring,  b  =  j, 
summer,  c  =  fall  and  d  =  pooled  data  points  ijjc 
all  three  seasons). 


fecal  moisture  contents  were  comparable  in  all 
seasons  (Table  5)  and  correlated  poorly  with 
intake  (Table  6).  Similarly,  no  significant 
relationship  was  found  between  digestibility  an 
fecal  moisture.  This  was  in  contrast  to  that 
reported  by  Zimmerman  (1980)  who  concluded  that 
high  fecal  moisture  reflects  better  dietary 
quality  of  grazing  cattle. 


wi 


ill 


In  conclusion,  it  is  suggested  that  recentl 
burnt  chaparral  vegetation  would  provide  only  a 
maintenance  diet  for  goats  during  spring  and 
summer  and  a  submaintenance  diet  during  fall. 


ACKNOWLEDGEMENTS 

This  research  comes  from  a  doctoral 
dissertation  for  the  Department  of  Animal 
Science  at  the  University  of  California,  Davis. 
Partial  support  was  provided  by  research  grants 
from  the  Chaparral  R&D  Program,  USDA,  Forest 
Service,  and  the  Institute  of  Ecology,  UCD 
(OPER-4791).  Appreciation  is  extended  to  Mr.  A 
Murphy,  Superintendent,  Hopland  Field  Station, 
for  generous  assistance  and  for  performing  the 
prescribed  burning  for  the  study  site.  Mr. 
Norman  Hinman  helped  in  statistical  analysis, 
and  Mr.  John  Bryan  in  laboratory  analysis. 


Table  6--Relationship  between  in  vitro 
organic  matter  digestibility   (IVOMD) , 
intake  and  dietary  chemical   constit- 
uents and  fecal   moisture  content. 


.75 

D  i  et  a  ry 

%  IVOMD 

Intake  (g/w   ) 

constituent 

(%) 

All  seasons 

All  seasons 

n=56 

n=56 

IVOMD 

1.00 

^59*** 

Intake 

^59*** 

1.00 

N 

.65*** 

.26 

Tannins 

-.50*** 

-.20 

(ADF-NAD) 

CWC 

-.74*** 

-.45*** 

NAD 

-.75*** 

-.49*** 

NADC 

-.54*** 

-.29* 

NADLs 

-.75*** 

-.46*** 

NADHC 

-.43*** 

-.18 

NADLs : MAD 

-.24* 

-.17 

Ash 

.15 

.15 

Fecal 

Moisture  (%) 

-.19 

.05 

*,   **,   ***Correlations  significant   at 
P<.05,   P<.01,   P<.005   levels,   respectively. 
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Angora  Goats  for  Conversion  of  Arizona 
Chaparral:  Early  Results' 


O.  D.  Knipe- 


This  study  is  part  of  the  Rocky  Mountain  Forest 
and  Range  Experiment  Station  program  researching 
methods  of  effective,  economical,  and  environ- 
mentally safe  methods  of  converting  chaparral  to 
brush-grass  mosaics. 

Research  over  the  last  quarter  century  has 
shown  that  conversion  of  Arizona  chaparral  to 
grass  significantly  increases  water  and  forage 
yields,  reduces  fire  hazard,  and  may  increase 
wildlife  values  (Hibbert  et  al.  1974) . 

Total  rainfall  and  its  distribution  throughout 
the  range  of  Arizona  chaparral  is  adequate  for 
establishment  of  seeded  grasses.   Precipitation 
ranges  from  16  to  30  inches  annually,  with  about 
55  percent  falling  primarily  from  November  through 
April  and  the  remaining  45  percent  from  May 
through  October  (mostly  during  the  growing  season 
from  July  through  September) .   However,  to  date, 
the  only  entirely  effective  and  environmentally 
acceptable  means  of  controlling  shrubs  and  pro- 
moting grass  establishment  is  the  root  plow.   Its 
use  is  limited  to  less  than  8  percent  of  the 
chaparral  acreage  because  of  rugged  topography  and 
the  rocky  character  of  soils.   Fire  is  effective 
for  opening  up  mature  stands,  but   the  only 
important  shrub  species  killed  are  manzanita 
(Arctostaphylos  pringleii  and  A.  pungens)  and 
desert  ceanothus  (Ceanothus  greggii) ,  and  germin- 
ation of  their  seeds  is  stimulated  by  fire.   The 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean- type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

2 
Range  Scientist,  USDA  Forest  Service,  Rocky 
Mountain  Forest  and  Range  Experiment  Station 
located  at  the  Station's  Research  Work  Unit  at 
Tempe,  in  cooperation  with  Arizona  State  Univer- 
sity.  Headquarters  is  in  Fort  Collins,  in  cooper- 
ation with  Colorado  State  University. 

3 
The  herbicides  discussed  in  this  report  have 
been  used  experimentally;  their  use  does  not  imply 
that  they  are  recommended  or  registered  for 
watershed  use.   The  use  of  any  herbicide  for 
project  or  commercial  purposes  must  conform  with 
regulations  of  the  Environmental  Protection 
Agency  and  be  registered  for  the  intended  use. 
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Abstract:   Use  of  goats  to  convert  chaparral  toy 
brush-grass  to  increase  water  and  forage  may  be 
an  alternative  to  chemical  and  mechanical  means 
Results  indicate  that  trampling  of  grass  seed  bj 
goats  in  burned-over  chaparral  promotes  germin- 
ation and  establishment.   Because  shrubs  consti 
tute  a  large  percentage  of  the  goats'  diet, 
sprouting  is  retarded.   Goats  prefer  about  the 
same  shrub  species  as  other  domestic  livestock 
and  big  game  herbivores.   Since  goats  relish 
young  grasses,  areas  must  be  protected  during 
grass  establishment. 
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major  dominants,  shrub  live  oak  (Quercus  turbin 


jC 

jes 


ella)  and  mountainmahogany  (Cercocarpus  betuloii  ''' 


and  C.  brevif lorus) ,  sprout  vigorously  and  rega, 
dominance  before  herbaceous  plants  can  become 
established.   Foliage  spray  herbicides  of  the 
phenoxy  group,  such  as  2,4-0,2 ,4 , 5-T,  and  silve: 
and  mixtures  thereof,  have  been  used,  but  they  ( 
not  provide  adequate  control  without  several 
successive  annual  applications.   Soil-applied 
herbicides  previously  tested,  such  as  fenuron, 
picloram,  and  karbutilate,  are  potent  brush 
killers  but,  being  nonselective,  they  are  also 
toxic  to,  and  may  delay  establishment  of,  herba  "^ 
ceous  plants.   Even  when  shrubs  are  controlled 
herbicides,  grass  establishment  requires  severa 
years  because  it  is  not  possible  to  plant  the 
seeds.   The  terrain  is  too  rugged  and  rocky  for 
use  of  conventional  seedbed  preparation  and  see 
planting  equipment.   Thus,  conversion  by  tech- 
niques presently  in  use  leaves  much  to  be  desir 


In  view  of  the  foregoing,  and  since  public 
concern  about  environmental  quality  has  become 
powerful  force  in  resource  management,  we  need 
more  efficient,  economical,  and  environmentally 
safe  methods  for  conversion  of  chaparral. 
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Following  prescribed  burning  and  seeding, 
browsing  with  goats  to  trample  seeded  grasses 
into  the  soil  and  to  retard  recovery  rate  of  thj^iiEti 
sprouting  shrubs  might  be  an  effective  tool  for 
use  in  chaparral  conversion.   If  goat  use  will 
hold  the  shrubs  in  check  until  a  grass  cover  th 
will  carry  fire  becomes  established,  the  convei 
sion  can  be  maintained  by  periodic  prescribed 
burning,  or  possibly  by  continued  goat  browsindBfcr 
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The  objective  of  this  study  is  to  determine 
prescribed  burning,  seeding,  and  goat  browsing 
the  fall  can  be  a  useful  tool  for  conversion  of 
Arizona  chaparral. 


PRIOR  RESEARCH 


Goats  are  primarily  browsers  and,  given  a 
choice,  prefer  woody  species,  as  studies  in  Ea£ 
Africa  (Wilson  1957)  ,  Texas  (Fraps  and  Cory  194 
McMahan  1964)  ,  and  Australia  (Wilson  et  al .  19'i 
Wilson,  Mulham,  and  Leigh  1976)  have  shown.  Ir 
Mexico,  Carrera  (1971)  observed  1,728  goat  bit«|^; 
and  found  83  percent  browse  and  forbs  and  17 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  1 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982 
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:cent  grass  bites.   Huss  et  al .  (1970)  and 
:tuche  (1970)  noted  that  goats  preferred  browse 
■n  when  there  was  an  abundance  of  grass, 
.son,  Mulham,  and  Leigh  (1976)  found  that  goats 
)W  a  definite  preference  for  certain  shrubs  and 
■e  leaves  over  others. 

"Goats  eat  a  wider  range  of  available  vege- 
■.ion  than  do  sheep  and  should  make  better  use 
the  vegetation  as  a  whole.   At  the  same  time 
quality  of  their  diet  is  equivalent  to  that 
sheep  so  that  the  greater  production  from  the 
id  should  be  obtained  from  goats  than  sheep, 
is  clear  that  the  effect  of  goats  on  the  woody 
:cies  in  a  community  will  be  dependent  on  the 
ieptability  to  goats  of  the  particular  species 
-sent.   Some  will  be  controlled  and,  depending 
species  composition,  possibly  eliminated  while 
.ers  may  be  relatively  untouched  and  become 
e  dominant"  (Wilson  et  al.  1975). 

(Fraps  and  Cory  (1940)  found  that  cattle  fed  on 
smallest  numbers  of  different  kinds  of  plants, 
ep  on  a  somewhat  larger  variety,  while  the 
t  of  goats  was  quite  diversified. 

Davis,  Bartel,  and  Cook  (1975)  used  goats  to 
itrol  Gambel  oak  (Quercus  gambelii)  sprouts  in 
lOrado  and  observed  that  "the  goat  diet  was 
^ally  composed  of  over  85  percent  oak  leaves, 

ut  10  percent  forbs,  and  5  percent  grasses" 

values  regarding  relative  species  composition 
ie  given) .   However,  another  research  study 

icated  that  goats  consumed  large  portions  of 
iss  and  forbs  and  that  Spanish  goats  consumed 

nificantly  less  grass  and  more  browse  than 
iOra  goats  (Taylor  1975)  . 

■Because  many  food  habit  studies  failed  to 
Ermine  relative  forage  availability,  it  is  not 
sible  to  state  with  certainty  whether  a 
ticular  class  of  forage  was  used  because  of 
ference  or  because  little  or  no  other  kinds 
a  available.   Malechek  and  Leinweber  (197  2) 
sured  botanical  composition  of  angora  goats' 
ts  and  the  forage  available  for  consumption; 
/  found  that  grass  was  the  major  class  of 
lage  consumed  during  the  growing  season  (June 
iTiid-October)  ,   The  proportion  of  browse  in 
ts  increased  rapidly  in  late  October  and 
amber,  and  remained  relatively  high  through 

(greatest  use  of  browse  was  from  mid-March  to 
-April)  .   Although  Malechek  and  Leinweber 
72)  did  not  say  this,  it  is  likely  that  the 
i  in  browse  use  corresponded  with  the  period 
Initiation  of  shrub  shoot  growth  and  the 
Led  prior  to  initiation  of  grass  growth. 


3u  Toit  (1972)  investigated  the  role  of  goats 
controlling  sprout  regrowth  after  sprouting 
begun,  following  chopping  of  shrubs  in  a 
h-grass  community  (no  data  was  presented  on 
aosition  of  the  stand) .   The  time  goats  spent 
*sing  shrubs  was  about  equal  to  the  time  they 
It  grazing  grass.   Basal  cover  of  grass  in- 
ised  significantly  in  the  3 -year  period,  and 
lb  regrowth  was  negligible.   Cattle-carrying 
icity  was  greater  than  in  similar  areas  grazed 


by  sheep,  where  shrub  regrowth  was  double  that  in 
the  goat  use  pastures. 

In  a  study  within  the  Edwards  Plateau  region 
of  Texas,  Bryant  et  al.  (1979)  found  that  goat 
diets  were  nearly  equal  in  percent  grass  and 
browse  consumed. 


STUDY  AREA 

The  study  area  is  a  210-acre  exclosure  (roughly 
3,000  square  feet)  located  on  the  Tonto  National 
Forest,  10  miles  northeast  of  the  town  of  Payson, 
Arizona.   This  area  was  selected  because  of 
accessibility,  the  presence  of  permanent  water, 
and  the  dominance  of  a  mature  stand  of  shrub  live 
oak-mountainmahogany — the  most  widespread  and 
dominant  associate  of  the  Arizona  chaparral 
(Knipe  et  al.  1979) .   Other  important  shrub 
species  common  to  the  type  are  also  represented, 
such  as  manzanita,  desert  ceanothus,  yellowleaf 
and  Wright  silktassel  (Garrya  flavescens  and  G. 
wrightii) ,  skunkbush  (Rhus  triloba ta) ,  sugar 
sumac  (R.  ovata) ,  hollyleaf  buckthorn  (Rhamnus 
crocea) ,  and  cliffrose  (Cowania  mexicana) . 
Average  annual  precipitation  at  Payson  (elevation 
5,000  feet)  is  21  inches;  the  study  area  is  300 
to  800  feet  higher  so  it  is  likely  that  annual 
precipitation  is  about  23  inches. 

Elevation  gradually  rises  from  5,300  feet  at 
an  east  west  channel  near  the  southern  boundary 
to  5,800  feet  at  the  crest  of  Diamond  Rim  at  the 
north  boundary  (fig.  1) .   There  is  a  north  slope 
comprising  about  20  acres  (10  percent  of  the 
area)  south  of  the  main  channel,  and  about  190 
acres  (southerly  exposure)  above  and  north  of  the 
channel.   This  area  is  dissected  north  to  south 
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Figure  ] — Schematic  description  of  study  area 
(not  to  scale) . 


265 


by  several  branch  channels  which  flow  into  the 
main  east-west  channel.   The  20-acre  north  slope 
is  shrub  live  oak-mountainmahogany,  with  sparse 
Wright  silktassel .   Mountainmahogany  dominates 
the  higher  elevation  (rim  zone) ,  but  sparse  shrub 
live  oak  and  Wright  silktassel  are  also  present. 
This  zone  comprises  about  20  percent  of  the  total 
acreage. 

Elevation  decreases  rapidly  from  the  rim 
through  an  intermediate  elevation  zone  of  shrub 
live  oak-mountainmahogany  with  sparse  Wright 
silktassel,  sugar  sumac,  and  skunkbush.   This 
intermediate  zone  comprises  about  25  percent  of 
the  area . 

Between  the  base  of  the  rim  slope  and  the 
channel  is  a  lowland  zone,  ranging  in  elevation 
from  5,300  feet  at  the  main  channel  to  5,450  feet 
at  the  base  of  the  rim  slope.   This  zone  is  shrub 
live  oak-mountain-mahogany;  manzanita  is  codomi- 
nant  in  a  few  small  pockets,  and  Wright  silk- 
tassel, sugar  sumac,  and  skunkbush  are  sparsely 
scattered  throughout.   The  main  channel  is  occu- 
pied by  pine  (Pinus  ponderosa) ,  Emory  oak  (Quercus 
emoryi) ,  and  walnut  (Juglans  major) ,  with  a 
sparse  mixed  shrub  under story. 


PROCEDURES 

Starting  from  a  random  sample  point,  four 
peDonanent  sample  lines  were  established  at  600- 
foot  intervals  across  the  area  (upslope  to  down- 
slope)  .   Cover  percentages  (total  and  by  indi- 
vidual shrub  species)  were  determined  by  100-foot 
intercept  segments  along  these  lines  in  September 
1979  and  again  in  1980.   Percent  of  individual 
species  utilized  was  determined  along  the  inter- 
cept lines  at  regular  intervals  for  several  weeks 
after  introduction  of  the  goats  by: 

1.  Selecting  a  random  number  between  1  and  100 
for  each  100-foot  segment  of  each  line. 

2.  Beginning  at  the  random  point,  tallying  the 
first  10  plants  of  each  species  as  browsed 
or  not  browsed. 

The  height  of  the  tallest  sprout  of  each  plant 
sampled  for  utilization  was  also  noted. 

At  the  end  of  the  growing  season  (Sept.  30, 
1980) ,  the  percent  biomass  removed  by  goat  brow- 
sing was  estimated  visually.   The  area  had  been 
burned  the  first  week  of  October  1979,  which  was 
a  departure  from  the  norm  since  controlled  burning 
in  the  Arizona  chaparral  had  always  before  been 
conducted  in  the  spring.   The  area  was  burned  in 
the  fall  this  time  because 

1.   Winter  rains  are  cyclonic  in  nature  (low 
intensity,  long  duration)  and  are  less  apt 
to  result  in  erosion  of  the  freshly  bared 
soil  than  would  convectional  summer  storms 
which  are  of  short  duration  and  high  inten- 
sity.  Summer  rains  typically  result  in  1- 
1/2  inches  precipitation  in  15  minutes. 
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2.  Burning  of  chaparral  imparts  a  hydrophobic 
property  to  the  soil  which  restricts  infil- 
tration. This  property  may  be  less  detri- 
mental in  the  winter  because  the  precipita- 
tion is  less  intense,  and  trampling  by 
goats,  chemical,  microbial,  and  root  activ 
ity,  leaching,  and  freezing  and  thawing 
prior  to  the  start  of  the  summer  rains  may 
dissipate  the  hydrophobic  layer. 

The  burn  eliminated  top  growth  over  80  perce ; 
of  the  area,  leaving  20  percent  in  a  mosaic 
pattern  for  wildlife  cover  and  esthetic  purpose 
The  main  channel  is  dotted  with  large  ponderosa 
pine,  Arizona  walnut,  junipers  (Juniperus 
monosperma,  J.  deppeana,  J.  osteosperma,  J. 
scopulorum)  and  Emory  oak  trees  which  were  retai- 
ed  for  wildlife  habitat.  ^ 

The  area  was  broadcast  seeded  with  weeping 
lovegrass  (Eragrostis  curvula)  in  the  fall  imme 
diately  after  burning,  at  a  rate  of  1  pound  pur 
live  seed  per  acre. 

The  area  was  fenced  with  a  seven-wire  electr; 
fence  which  uses  smooth,  12-1/2  gauge  wire,  and 
fiberglass  posts.   The  fence  is  operated  by  a  1- 
volt  wet  cell  battery  (charged  by  a  solar  cell) 
attached  to  a  high-powered  low-impedance  energi 
zer  which  pulsates  a  5,000-volt  current  60  time 
per  minute;  each  pulse  lasts  3/10,000ths  of  a 
second.   The  fence  is  designed  not  only  to  keej- 
livestock  in  but  to  keep  predators  out.   Wires 
are  spaced  close  together  near  the  ground  and 
increasingly  further  apart  toward  the  top.   The 
height  of  the  fence  was  limited  to  54  inches  sc 
that  deer  and  elk  movement  into  the  area  was  nc 
restricted.   A  200-foot  strip  was  left  outside 
the  grazed  area  for  measuring  shrub  recovery 
without  grazing. 

In  an  attempt  to  preclude  overuse  and  becau: 
of  problems  that  would  be  present  if  numbers  h. 
to  be  reduced,  approximately  one  goat  unit  per 
acre  was  decided  upon  as  the  stocking  rate.  I 
June,  242  angora  wethers  were  introduced  into 
the  area.  Wethers  are  being  used  for  three 
reasons.  First,  kidding  is  a  highly  specializ 
operation;  second,  wethers  are  larger  than  nan 
nies  and  less  susceptible  to  predation;  and 
third,  if  wethers  were  to  escape,  they  would  b 
unable  to  establish  a  self-perpetuating  feral 
population. 

The  plan  was  to  burn,  seed,  and,  when  the 
shrubs  had  started  to  sprout,  introduce  goats 
trample  the  grass  seed  into  the  soil  and  suppr 
shrub  growth  through  browsing.   It  was  anticip 
ted  that  the  young,  tender,  and  presumably  pal 
table  shrub  sprouts  would  be  preferred  over 
establishing  grasses.   Three  weeks  after  their 


Of  the  242  wethers,  42  were  3  years  of  age 
and  equal  to  1  goat  unit  each,  100  were  2- year 
olds  considered  0.90  goat  units  each,  and  100 
were  yearlings  considered  0.75  goat  units  each 
so  that  the  area  was  stocked  with  217  goat  uni 


iji 
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troduction,  when  grasses  were  beginning  to 
Dw,  the  goats  were  eating  or  pulling  up  a  high 
ccentage  of  grass  seedlings.   The  area  was 
nediately  divided  into  two  105-acre  pastures 
1  the  goats  were  kept  in  one  pasture  until  the 
1  of  the  growing  season.   Thus,  this  pasture 
;  used  from  June  11  to  November  1,  1980. 
':ept  for  the  period  from  June  11  to  July  1,  the 
\er   pasture  was  deferred  during  the  1980  summer 
)wing  season. 

A  fair  stand  of  grass  resulted  in  the  summer- 
'ierred  pasture;  at  the  end  of  the  growing 
ison  (about  November  1,  1980) ,  after  the  grasses 
1  matured  and  set  seed,  the  goats  were  moved  to 
.8  pasture.   This  summer-deferred  pasture  will 
? grazed  until  about  June,  at  which  time  the 
itmer  1980  grazed  pasture  will  be  seeded  and  the 
)  ts  put  in  it  long  enough  to  trample  the  seeds 
^,0  the  soil.   When  the  summer  rains  start,  the 
i'd  will  be  removed  from  the  experimental  area 
i'   the  duration  of  the  1981  growing  season. 


lULTS  AND  DISCUSSION 

5  ub  Response 

The  heaviest  used  shrubs  during  the  first  16 
is  after  introduction  of  the  goats  were  shrub 
La  oak,  sugar  sumac,  and  skunkbush  (table  1). 
i'^jy   use  of  the  palatable  skunkbush  was  expected, 
31  it  was  also  expected  that  the  goats  would 
ti  2  mountainmahogany  and  Wright  silktassel  more 
K  illy  than  shrub  live  oak  and  sugar  sumac. 


During  the  first  3  weeks  of  use,  the  values  were 
estimated,  with  the  exception  of  sugar  sumac,  to 
also  be  representative  of  percent  biomass  removed. 
A  high  percentage  of  the  plants  of  this  species 
were  browsed,  but  only  the  tips  of  the  sprouts 
were  taken  so  that  very  little  biomass  was  removed 
(table  1) .   The  use  pattern  had  changed  by  the 
fourth  week  after  introduction  of  the  goats;  by 
this  time  the  use  of  mountainmahogany  had  increased 
and  was  being  heavily  used  both  with  respect  to 
percentage  of  plants  and  biomass  removed.   Heavy 
use  of  the  relatively  palatable  Wright  silktassel 
did  not  occur  until  about  2  months  after  introduc- 
tion of  the  goats.   Thereafter,  use  of  this  species 
was  about  equal  to  that  of  mountainmahogany.   The 
reasons  for  the  relatively  heavy  use  of  shrub  live 
oak  and  light  use  of  mountainmahogany  and  silk- 
tassel during  the  first  few  weeks  may  be  these: 

1.  Mountainmahogany  and  Wright  silktassel  do  not 
grow  in  Texas  and  they  were  new  to  the 
goats. 

2.  Mountainmahogany  and  Wright  silktassel 
growth  had  started  earlier  in  1980  than  shrub 
live  oak,  and  they  may  have  been  somewhat 
coarser  by  June  when  the  goats  were  intro- 
duced. 

3.  During  the  first  3  weeks  after  introduction, 
the  goats  concentrated  in  and  grazed  a  strip 
about  100  yards  wide  across  the  area  along 
the  base  of  the  rim  (fig.  1) .   Vegetation 
within  this  zone  is  predominantly  shrub  live 
oak. 

Number  3  above  is  probably  the  best  explanation 
although  number  2  may  also  have  some  merit. 


1 — Percent  of  important  plant  species  browsed  (Summer  1980) 


.te 

Species 

Shrubs 

Forbs 

Half 

shrubs 

Grass 

Tree 

Shrub 

live 

oak 

Mtn.- 
mahog . 

Wright 
silk- 
tassel 

Sugar 
sumac 

Skunk- 
bush 

Lambs- 
quarter 

Morning 
glory 

Snake- 
weed 

Rough 
meno- 
dora 

Juni- 
per 

/BO 

/80 
/80 
/80 
/80 
/BO 
/BO 
/BO 
/BO 

Wit 

I  ^  3 
nass 

action 


0      12 
Goats  introduced 


29 

82 

93 

95 

100 

100 

100 


60 


18 

55 

89 

93 

100 

100 

100 


80 


14 

16 
26 
59 
60 
90 
100 
100 


75 


T 

13 

75 

83 

98 

100 

99 

100 

100 

100 

100 

100 

100 

100 

10 


80 


45 

70 
100 
100 
100 
100 
100 
100 


95 


41 

80 
90 
100 
100 
100 
100 
100 


90 


0 

0 
0 

20 
68 
90 
92 
100 


40 


25 


0 

50 

10 

0 

85 

10 

0 

93 

23 

10 

98 

38 

15 

100 

62 

20 

100 

73 

30 

100 

100 

20 


95 


15 


'rimarily  weeping  lovegrass  with  traces  of  native  sideoats  grama  (Bouteloua  curtipendula) ,  red 
5awn  (Aristida  longiseta) ,  and  squirreltail  (Sitanion  hystrix) . 

'rior  to  introduction  of  goats;  deer  and  elk  use. 

'isually  estimated  on  9/30/80. 
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Species  preferences  described  above,  for  the 
pasture  used  during  the  summer,  appeared  to  be 
the  same  when  the  goats  were  turned  into  the 
summer-deferred  pasture  in  November,  the  only 
exceptions  being  that  the  dry  grass  and  forbs 
were  not  used  as  heavily  as  during  the  growing 
season. 

The  palatable  forbs — lambsquarter  (Chenopodium 
album)  and  morning  glory  (Ipomea  hirsutula) — and 
grass  were  all  heavily  used  during  the  growing 
season. 

Of  the  two  important  half  shrubs  in  the  area, 
snakeweed  (Xanthocaphalum  sarathrae)  and  rough 
menodora  (Menodora  scabra) ,  snakeweed  received 
the  heaviest,  though  only  moderate,  use.   The 
relatively  light  use  of  rough  menodora  is  surpri- 
sing as  this  species  is  relished  by  deer,  elk, 
and  cattle;  it  was  anticipated  that  it  would  be 
highly  palatable  to  goats. 

Juniper  was  taken  readily  by  the  goats,  but 
actual  removal  of  foliage  is  light  (table  1) 
because  most  is  out  of  reach  of  the  animals. 

Percent  reduction  in  height  of  the  three  most 
important  shrub  species  (shrub  live  oak,  mountain- 
mahogany,  and  Wright  silktassel)  as  a  result  of 
goat  browsing  varied  appreciably  (table  2) . 
These  measurements,  the  percent  browsed  plants  by 
species  discussed  above,  and  the  estimates  of 
biomass  removal  indicate  a  strong  preference  for 
mountainmahogany  and  Wright  silktassel  over  shrub 
live  oak.   Heavy  use  of  Wright  silktassel  did  not 
begin  until  late  in  the  summer;  after  October  it 
appeared  that  use  of  the  species  was  about  equal 
to  that  of  mountainmahogany. 


Other  Observations 

Because  of  restrictions  imposed  by  topography 
and  accessibility,  the  holding  pen  and  shelter 
were  placed  in  one  corner  of  the  area  (fig.  1) . 
It  was  believed  that  the  herd  should  be  penned 
nightly  as  a  precaution  against  predation  losses, 
so  the  goats  were  salted  in  the  pen  and  shelter 
area  to  induce  them  into  the  pen  at  night. 


fR 


■e 
(Because  of  topography  and  labor  limitations, 

would  not  have  been  possible  to  herd  the  goats 

the  pen  daily.)   This  resulted  in  an  undesirabl 

use  pattern;  a  quarter  circle  area  extending 

about  400  feet  out  from  the  penning  area  became 

heavily  used  "sacrifice  zone";  the  problem  was 

magnified  because  the  vegetation  composition 

within  the  zone  was  predominantly  mountainmahog  ifli 

(fig.  1) ,  which  is  more  palatable  than  the  othe 

major  dominant  (shrub  live  oak) .   This  "sacrifi 

zone"  could  have  been  reduced  or  possibly  preve 

ed  had  it  been  possible  to  centrally  locate  the 

pen-shelter  site  and  salt  the  goats  in  outlyinc 

areas.   It  appears  that  the  electric  fence  is 

effective  against  predation  (no  losses  have 

occurred) ,  and  it  may  not  be  necessary  to  pen  t 

herd  nightly. 

Treatment  (prescribed  burning  and  goat  brows 
resulted  in  decreased  shrub  cover,  increased 
herbaceous  cover,  and  an  apparent  reduction  in 
fire  hazard  and  improvement  in  water  yield  (tah 
3) 

There  was  a  fair  stand  of  grass  over  the     i«' 
entire  study  area  by  the  end  of  the  second  wee} 
in  July.   Some  of  the  seedlings  were  from  sprii 
emergence  and  some  were  from  late  June  and  ear, 
July  rains.   Precipitation  in  the  area  totaled 
inches  during  the  growing  season  (May  through 
September) — about  7  inches  fell  from  June  20 
through  September.   Almost  15  inches  fell  duriij^pl: 
the  1980-81  winter  months  (October  through  Apr: 
Grass  production  increased  in  the  summer-defer] 


pasture — the  stand  was  better  than  is  charactej  tal 
tic  of  seedings  in  the  Arizona  chaparral  follow 
burning.   It  is  believed  that  this  is  due,  in 
part,  to  "seed  planting"  as  a  result  of  trampl 
by  the  goats  during  the  3  weeks  before  the  hen 
was  excluded  from  this  pasture.   It  remains  to 
seen  if  goat  browsing  during  the  winter  months 
will  result  in  sufficient  control  of  shrubs  to 
maintain  and/or  increase  the  grass  stand.   Thi 
will  depend  on  the  degree  of  shrub  cover  reduc 
from  browsing  pressure  prior  to  initiation  of 
spring  growth,  at  which  time  utilization  of 
grasses  may  necessitate  removal  of  the  herd  fr 
the  pasture. 
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Table  2— Average  ieight  (feet)  of  important  shrubs  as  related  to  browsing. 
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tior 


6/11/80 
7/23/80 
9/11/80 
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1 


1.70 
1.47 
1.59 
1.56 


1.68 


2.17 


28 


0.92 
0.89 
0.74 
0.49 


0.93 


1.50 


67 


1.34 
1.60 
1.43 
1.17 


1.36 


2.10 


44 


Prior  to  introduction  of  goats. 
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ble  3 — Characteristics  of  the  study  area,  October  1979  to  November  1980. 
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End  of  first 

growing  season 

Summer-grazed  pasture 

Summer-deferred  pasture 

rub  cover  (pet.) 

70 

10 

28 

timated  grass 
production  (no. /acre) 

25 

0 

200 

ter  production 
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Continuous 

No  summer  or  fall  flow 

re  hazard 

High 

None 

None 

Idlife 

7 

No  quail 

No  cottontail 

Heavy  deer  and  elk 

use 
4  coveys  quail 
Sparse  cottontail 

Very  heavy  deer  and 

elk  use 
2  coveys  quail 
Cottontail  numerous 

>ICLUSIONS 

Conversion  of  chaparral  by  goat  browsing  will 
juire  some  form  of  put-and-take  system  of 
azing  management  to  protect  the  area  during  the 
iLtical  period  of  grass  establishment.   Results 

date  indicate  that  it  may  be  possible  to 
itrol  shrub  cover  sufficiently  to  result  in 
:reased  water  yield.   Whether  or  not  this  can 

accomplished  while  establishing  an  acceptable 
iss  cover  remains  to  be  seen.   It  appears  that 
ampling  does  effectively  "plant  the  seed"  and 
lance  seedling  establishment. 

,  Goats  utilized  a  far  wider  range  of  vegetation 
the  Arizona  chaparral  than  other  domestic 
/estock  and  resident  big  game.   Species  such  as 
ikeweed,  juniper,  and  sugar  sumac  appear  to  be 
ad  more  heavily  by  goats  than  by  other  animals 
.nmon  to  the  area.   Chaparral  species  most 
if erred  by  goats  are  comparable  to  those  of 
ler  domestic  livestock  and  resident  big  game. 
as,  goat  browsing  in  the  Arizona  chaparral  can 
expected  to  result  in  heaviest  use  of  species 
30  preferred  by  cattle,  deer,  and  elk. 
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Grazing  Management  of  Evergreen  Brushlands 
in  Greece^ 


Leonidas  Liacos" 


Greece  is  an  east  mediterranean  country.   Its 
climate  is  typically  mediterranean,  ranging  from 
the  arid  to  the  perhumid  of  Elnberger's  (1955) 
classification.   The  most  significant  of  its 
features  from  the  standpoint  of  production  and 
management  is  that  water  is  the  main  limiting  and 
regulating  factor  for  plant  growth.   This  is 
especially  true  in  the  maquis  zone.   Increase  in 
soil  water  storage  could  contribute  to  an  increase 
in  biomass  production,  particularly  in  the  driest 
zones,  through  improved  evapotranspiration 
efficiency  and  greater  precocity  of  plant  growth 
(precipitation  is  concentrated  in  winter  and  early 
spring) . 

Maquis  vegetation  occupies  a  great  part  of  the 
territory  of  Greece.   A  considerable  part  of 
Greece's  land  area  is  covered  by  evergreen  brush 
vegetation,  the  dominant  species  of  which  is 
kermes  oak  (Quercus  coccifera  L. ) ,  and  this  species 
is  also  the  most  abundant  plant  in  the  typical 
maquis  formation.   Kermes  oak  brushlands  outside 
the  maquis  zone  are  a  degraded  state  of  former 
productive  high  forests,  mainly  deciduous  broad- 
leaf  oaks.   These  formations,  covering  783,000  ha, 
and  making  up  15.4  percent  of  the  total  area  of 
Greece,  are  the  typical  browse  rangelands. 

The  main  use  of  these  brushlands  during  the 
long  past  of  Greece's  history  was  grazing  by 
livestock,  especially  goats.   Their  use  for 
fuelwood  production  was  also  quite  intensive. 
Irrational  use  of  these  natural  resources  over  long 
periods,  coupled  with  frequent  wildfires,  has 
greatly  lowered  their  productivity.   Therefore 
bedrock  now  extends  over  a  large  part  of  the 
ground  surface,  leaving  a  relatively  small  area  to 
shallow  poor  soils. 

At  present,  the  usefulness  of  Greece's  sclero- 
phyllous  evergreen  brushlands  is  multiple.   The 
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Abstract:  Evergreen  brushlands  in  Greece  occupy 
783,000  ha.   Their  main  use  in  the  past  and  at 
present  is  for  grazing  by  livestock,  especially 
goats.   Irrational  long  grazing  has  lowered  brui 
cover  and  density  of  the  most  productive  and 
desirable  species.   Now  kermes  oak  is  the  domin< 
species,  represented  by  various  browse  types. 
Production  of  natural  kermes  oak  stands  of  100 
percent  cover  was  found  to  be  30  kg  meatAia/yr 
Improvement  experiments  have  shown  that  meat 
production  can  be  doubled  if  brush  composition  i  *^ 
management  form  are  improved,  and  increased  by 

four  times  if  brush  is  partly  converted  to  gras 
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following  uses  should  be  emphasized: 


a)  Fuelwood;  The  increased  cost  of  heating 
houses  with  oil  or  electric  energy  has  forced 
people,  especially  in  small  towns  and  villages, 
return  to  wood  for  heating.   Thus,  an  old  marke-J^eiu 
has  been  reopened,  making  fuelwood  production  a 
viable  economic  operation  in  managing  maquis. 


b)  Production  of  Energy:  The  energy  crisis. 
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especially  distressing  in  the  countries  that,  1:  'sd 
Greece,  are  poor  in  traditional  energy  resource  tm 
brings  about  the  use  of  maquis  biomass  for  ener  ily 
production  (Margaris  1980).  Certainly,  relativij 
research  must  specify  the  conditions  under  whiclt:5 
such  utilization  could  be  feasible  and  justif ieliK 

c )  Landscape  and  Recreation:  Maquis  vegetaticju"^ 
has  great  esthetic  and  recreational  value.  It  W' 
extends  over  the  low-elevation  land  of  Greece  V^ 
along  and  around  its  sea  shores  and  beaches,  wha'^ 
are  great  tourist  attractions.  This  fact  might 
even  justify  the  exclusion  of  any  other  use. 

d)  Soil  Protection:  Evergreen  brush  vegetati i 
effectively  protects  the  soil  against  erosion. 
Under  Greece's  climatic  conditions,  particularl 
with  heavy  rains  during  the  winter,  evergreen 
brush  plays  an  important  role  in  soil  stability 

e)  Water  Production;  Under  the  intensive 
economic  development  of  Greece,  the  availabilit' t: 
of  the  required  water  in  relatively  high  quanti'4-' 
(to  supply  the  cities,  for  irrigation,  and  for  Mi 
industry)  is  of  paramount  importance.  Therefor  j 
the  use  and  management  of  evergreen  brush  vegetf 
tion,  covering  a  considerable  part  of  the  water 
sheds  around  crowded  beaches,  big  cities,  and 
industrial  centers,  must  guarantee  the  maximum 
possible  production  of  usable  water. 

f)  Forage;  Goat  raising,  and  to  some  extent 
sheep  raising  also,  depends  greatly  on  browse  a 
grass  produced  on  evergreen  brushlands.   This  i 
especially  true  for  the  period  from  late  autumn  * 
late  spring,  when  the  upland  ranges  are  not  rea  IK 
to  be  grazed.   However,  under  proper  management 
these  evergreen  brushlands  might  be  profitably 
used  by  grazing  goats  throughout  the  year, and  V. 
protect  the  productive  forests,  especially  fir, 
from  the  damaging  effects  of  goat  grazing  press' 
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Gen.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  F| 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982.  IT 


'ZING  USE  OF  EVERGREEN  BRUSHLANDS 

Sclerophyllous  evergreen  vegetation  under 
Bent  use  is  the  basis  of  goat  grazing  for  a 
Led  of  6  to  7  months  from  late  autumn  to  late 
Lng.   In  summer,  the  majority  of  grazing  goats 
i   to  higher  elevation  rangelands,  covered, 
ily,  with  deciduous  oak  or  fir  forests.   Goat 
rators,  mostly  nomads,  believe  that  goats 
lot  live  in  lowlands  during  the  hot  dry  season. 

Feeding  requirements  of  grazing  goats  during 
cold,  humid  winter  are  met  mainly  by  browsing 
rgreen  brush  species,  among  which  kermes  oak  is 
.:  important  from  a  production  standpoint. 
leen   individual  brush  plants  are  found  some 
3S  species,  which  contribute  to  the  diet 
jcted  by  grazing  animals.   It  is  certain  that 
;s  cannot  meet  all  their  feeding  requirements 
maximum  production  from  such  browse  and 
ige.   It  could  even  be  said  that  in  most 
;ances  the  diet  consumed  is  well  below  the 
ritenance  requirements  of  goats. 

Cn  the  past,  grazing  management  practices  in 
rgreen  brushlands  were  mainly  circumscribed  by 
needs  and  perspectives  of  goat  operators, 
med  by  their  desire  to  increase  their  income 
:he  maximum.   This  was  attempted  almost 
rely  by  increasing  the  number  of  goats;  the 
lilt  has  been  a  pronounced  deterioration  of 
;h  cover.   With  time,  brush  height  has  been 
red  and  brush  cover  reduced  in  proportion  to 
intensity  of  grazing  pressure.   Now,  the  brush 
(unity  is  usually  composed  of  the  less  pala- 
e  and  less  productive  species  and  types.   Very 
n,  soil  erosion  is  evident  between  brush  clumps 
use  of  overuse  of  grass  species  growing  there, 
heavy  trampling  (fig.  1). 
•ften,  fire  is  used  by  goat  raisers  in  an 
ftional  way,  to  improve  browse  production  and 
icularly,  palatability .   This  is  done  without 
ission  of  responsible  administration  authori- 

Goat  operators  have  found  by  experience  that 
urning  the  aboveground  part  of  brush  plants 

can  rejuvenate  them,  and  thus  obtain  a 
ificant  improvement  of  the  browse  produced. 
!  do  not  realize,  however,  that  this  uncon- 
;led  and  irrationally  practiced  burning  leads 
ually  to  a  severe  deterioration  of  the  site. 

I 

lanagement  working  plans  and  grazing  control 
.applied  in  a  very  limited  area.   The 
onsible  authorities  are  limited  to  deciding 
her  or  not  the  various  brushland  units  should 
rotected  from  grazing.   The  areas  burned  by 
dental  wildfires  or  dry  fires  started  by  goat 
iters  are  protected  for  3  to  5  years  from 

When  brushlands  fall  within  the  limits  of 
rrent  watershed,  the  period  of  protection 
1st  any  grazing  can  be  prolonged  according  to 
[Specifications  of  the  watershed  management 


nprovement  practices  to  increase  browse  and 
je  production  in  the  brush-covered  areas  are 
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Fig.  1 — Kermes  oak  clumps  with  grass-covered 
surfaces  between  them,  in  a  brushland  north  of 
Thessaloniki.   Soil  erosion  between  clumps  is 
evident. 


at  present  limited  to  an  experimental  scale.   The 
main  reason  is  the  great  difficulty  of  changing 
the  customs  of  the  goat  raisers,  who  are  strongly 
attached  to  traditional  practices.   It  is  almost 
impossible  to  persuade  the  small  operators 
(100-200  head)  to  group  their  animals  in  common 
herds  and  lead  them  to  graze  in  specific  brushland 
units  at  particular  times,  under  the  control  of  a 
management  plan.   The  improvements  they  are  inter- 
ested in  and  ask  for  are  range  development  works, 
such  as  roads  to  facilitate  transportation  of 
supplements,  animal  products,  etc.,  and  animal 
watering  facilities.   It  is  worthwhile  to  note 
that  such  development  works,  in  the  absence  of  any 
management  plan,  have  led  to  more  intensive  misuse 
and  overuse  of  brushlands,  with  resulting  heavier 
deterioration  of  the  site,  and  more  pronounced 
decrease  in  their  carrying  capacity. 


PROPER  USE  AND  MANAGEMENT 

From  the  above  discussion,  it  is  rather  obvious 
that  proper  management  of  maquis  vegetation,  and 
in  general,  of  sclerophyllous  evergreen  brushlands 
in  Greece,  must  be  based  upon  the  principle  of 
multiple  use.   The  management  form  and  the  vegeta- 
tional  structure  which  respond  to  this  need  might 
vary  according  to  existing  specific  conditions. 
The  various  products  and  services  expected  from 
evergreen  brushlands  could  be  obtained  either 
simultaneously  from  every  small  piece  of  land 
under  a  complex  management  scheme  over  the  total 
area,  or  separately.   If  separately,  each  product 
or  certain  selected  products  would  be  obtained 
from  small  surface  subunits,  each  under  a  specific 
management  plan.  Thus  a  mosaic  of  vegetation  types 
would  be  created  over  the  total  brushland  area. 
This  second  type  of  management  scheme  seems  to  be 
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more  suitable  in  Greece  for  the  following  main 
reasons : 

a)  It  is  better  adapted  to  the  extremely 
diversified  topography,  rockiness,  soil  depth  and 
fertility,  etc.  of  the  land. 

b)  It  fulfills  more  efficiently  the  esthetic 
requirements  and  the  necessary  conditions  for 
development  of  recreation  facilities. 

c)  It  offers  the  possibility  of  securing 
protection  against  soil  erosion  by  conserving  a 
thick  brush  stand  on  steep  slopes  and  susceptible 
sites,  and  at  the  same  time  improving  usable  water 
production  by  establishing  low  water-consuming 
plant  cover  on  less  vulnerable  sites. 

d)  It  renders  easy  the  task  of  balancing  browse 
and  grass  forage  production  according  to  the  diet 
req[uirements  of  grazing  animals. 

In  a  considerable  portion  of  evergreen  brush- 
land,  the  soil  is  relatively  fertile  and  suffi- 
ciently deep  to  support  productive  forests,  while 
the  most  productive  sites  can  be  used  for  olive  or 
almond-tree  orchards.   Unfortunately,  inventory 
data  about  the  acreage  of  such  sites  are  not 
available;  it  is  estimated  as  10  to  15  percent  of 
the  total  brushland  area  of  Greece. 

The  main  forest  species  used  in  reforestation 
work  in  this  area  are  aleppo  pine  (Pinus  hale- 
pensis) ,  brutia  pine  (P.  brutia),  maritime  pine 
(P.  maritima)  and  parasol  pine  (P.  pinaster) . 
All  are  light-demanding  species.   Therefore,  their 
stands  remain  open,  in  general,  during  most  of  the 
rotation  time,  promoting  an  understory  of  brush  or 
grass,  or  both  (fig.  2). 

Under  the  specific  conditions  governing  the 
functioning  of  the  ecosystems  within  the  biocli- 
matic  zones  in  question,  the  competition  for  water 
(the  limiting  factor  in  plant  growth)  exercised  by 
this  understory  vegetation  against  the  plants  of 
the  forest  floor  is  extremely  high.   The  result  is 
(a)  considerable  decrease  in  stand  annual  incre- 
ment; (b)  rapid  depletion  of  soil  moisture;  and 
(c)  pronounced  desiccation  of  biomass  for  a  com- 
paratively longer  period  of  time  during  the  dry 
and  hot  summer,  and  hence,  increased  fire  hazard. 

No  doubt,  proper  browsing  or  grazing  of  the 
understory  vegetation  will  diminish  all  these 
undesirable  effects.   In  addition,  such  control  of 
the  understory  vegetation,  which  is  effective  and 
inexpensive,  and  of  considerable  benefit,  will 
permit  intensification  of  the  silvicultural 
treatment  of  the  forest  tree  floor  for  maximum 
wood  production  (Liacos  1980).   The  International 
Meeting  of  Scientists  held  in  Palermo,  Sicily 
(Oct.  6-11,  1980)  on  "Conservation  and  Restoration 
of  Forest  Cover  in  Mediterranean  Regions"  con- 
cluded with  this  recommendation:   "In  some  cases 
the  rational  silvo-pastoral  use  of  mediterranean 
forests  might  even  improve  their  productive 
function  and  better  secure  their  protection. " 
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Figure  2 — Thick  brush  understory  vegetation  in  irt 
70-year-old  natural  stand  of  brutia  pine. 

led 
In  the  major  part  of  Greece's  brushlands,  so 
are  steep,  shallow,  and  rocky.   Because  this  ar  '^6 
is  more  suitable  for  livestock  grazing,  its 
vegetation  cover  must  meet  the  feeding  require- 
ments of  grazing  animals  to  the  greatest  extent  ive 
possible.   It  is  rather  obvious  that  the  kind  o 
animals  most  adapted  to  evergreen  brushlands  arljnt 
goats  (domestic  or  wild)  and  roe  deer.   However 
goats  and  roe  deer  as  well  cannot  be  entirely 
satisfied  with  browse  alone,  and  thus  they  cann 
reach  their  productive  potential.   They  also  ne 
some  grass  forage,  which  for  domestic  goats  amoi 
to  about  40  percent  of  their  daily  requirements 
Consequently,  the  composition  and  structure  of 
vegetation  cover  on  brushlands  would  be  ideal  i 
it  could  offer  to  grazing  animals  the  daily  re-  fte 
quired  quantity  of  forage  composed  of  about  60 
percent  browse  and  40  percent  grass.   Besides, 
such  a  diversified  plant  cover  is  more  appro- 
priate.  By  relative  control  trials  (Nastis  and 
Liacos  1981)  it  has  been  found  that  the  assimi- 
lated N  of  kermes  oak  foliage  is  almost  zero, 
although  the  digested  N  is  about  40  percent,  wh 
goats  are  fed  only  kermes  oak  foliage  harvested 
during  the  dormant  season  of  plant  growth. 


Its 
lir 


The  browse  production  of  evergreen  brushlanc 
in  Greece  is  quantitatively  and  qualitatively  1 
at  present.  An  experiment  carried  out  in  the 
subbumid  zone,  with  good  soil  conditions  and 
a  brush  cover  of  100  percent,  has  shown  that 
annual  browse  production  varies  greatly  (Liacos 
and  Moulopopoulos  1967).  Five  kermes  oak  types 
were  identified,  differentiated  by  their  botani 
characteristics  such  as  color  of  new  leaves,  si 
and  size  of  adult  leaves,  size  and  peduncle  of 
acorns,  scales  of  acorn-cups,  etc.  The  browse 
produced  annually  by  the  different  types  variec 
with  762  kgAia  for  the  least  productive  type, 
which  is  usually  dwarf  and  of  very  low  palata- 
bility  for  goats.  Differences  were  also  found 
browse  nutritive  value,  specifically  in  crude 
protein  content.   Again,  the  browse  of  the  leas 
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iuctive  and  least  palatable  type  has  the  lowest 
ritive  value.   It  is  interesting  to  report  here 
t  browse  preference  by  domestic  goats  was 
Liar  to  host  preference  noticed  for  the  larvae 
jypsy  moth  (Lymandria  dispar) ,  which  is  the 
t  damaging  pest  of  all  oak  species  in  Greece.-' 
less  productive,  less  palatable,  and  less 
ritive  type  of  kermes  oak  is  now  the  most 
idant  in  the  evergreen  brushlands  of  Greece, 
ised  and  overused  for  many  centuries. 

Herbaceous  vegetation  cover  in  the  evergreen 
shland  area  is  more  productive  than  brush 
er.   An  experiment  to  convert  brush  to  grass 
carried  out  in  the  semiarid  bioclimatic  zone 
seeding  grass  forage  species:  hardinggrass 
ilaris  tuberosa) ,  orchardgrass  (Dactylis  glo- 


ita-palestina) ,  rose  clover  (Trifolium  hirtum) . 
1  show  that  forage  production  went  up  to  4500 
'la  (fig.  3).   That  means  that  forage  could  be 
reased  by  7  to  10  times  when  brushlands  are 
i/erted  to  grasslands. 

Certainly,  this  kind  of  improvement  can  be 
Lied  only  on  good  sites  with  gentle  topog- 
ly  (slope  15  percent)  and  good  conditions, 
siderable  improvement  could  be  obtained  even  on 
jh  areas,  however,  by  applying  the  proper  tech- 
le  in  each  case.   Liacos  and  others  (1980),  in 
inversion  experiment,  carried  out  in  the 
aumid  bioclimatic  zone  in  rough  country  (40 
i:ent  slope),  used  controlled  burning  to  clear 

ground  and  then  seeded  valuable  forage  species 
:he  ash--primarily  orchardgrass,  smooth  brome 
3mus  inermis) ,  hardinggrass  (Phalaris  tuberosa) 
' birdsfoot  trefoil  (Lotus  corniculatus) . 
lian  ryegrass  (Lolium  multiflorum)  was  also 
i   with  the  hope  of  depressing  the  kermes  oak 
3uts  by  its  strong  competitive  eff-ect.   During 

first  year  after  burning,  Italian  ryegrass  was 
2cted  to  grow  vigorously,  because  the  soil  was 
L  fertilized  by  the  ash,  and  it  was  relatively 
1  in  N  from  rich  brush  humus  mineralization 
:  a  long  period  before  burning. 

Che  effectiveness  of  this  conversion  technique 
■Qugh  country  was  compared,  under  the  same 
.jrimental  design,  to  improved  brush  cover  in 
:h  all  undesirable  and  less  desirable  species 
types  of  brush  were  eliminated.   Additionally, 
brush  plants  were  cut  down  to  0.40  m  high,  and 
1  left  for  two  years  to  recover.  The   structure 
:he  cover  was  also  improved  to  secure  the 
)er  utilization  by  goats  of  all  browse 
luced.   Yearling  goats  were  used  in  both 
itments  to  check  the  effectiveness  of  the 
movement  techniques  applied.   The  annual  grass 
browse  production  of  the  conversion  treatment 
found  to  be  3400  kg/ha  and  2000  kg/ha 
lectively  on  the  average  for  three  consecutive 
"s.   Meat  production  of  the  yearling  goats  used 


'TOie  palatibility  differences  noted  among  the 
i  ous  kermes  oak  types  are  now  being 
Instigated  by  the  author's  associates. 


Figure  3 — High  forage  production  in  the  brush- 
land  area  of  the  semiarid  zone  after  conversion  to 
grass.   Brush  cover  was  removed  mechanically  and 
grass  forage  species  were  seeded. 


in  the  experiment  was  about  120  kg/ha  for  the 
conversion  treatment  and  60  kg/ha  for  the  improved 
brush  cover,  while  meat  production  in  unimproved 
brush  stands  of  100  percent  cover  was  found  not  to 
exceed  30  kgA»a  (Liacos  and  Moulopoulos  1967). 

The  brushland  improvement  experiments  have  shown 
that  the  production  of  Greece's  evergreen 
brushlands,  used  for  livestock  grazing,  can  be 
atleast  doubled  by  the  proper  improvement  of  brush 
cover,  and  increased  by  four  times  by  partial 
conversion  to  grass. 

Up  to  the  present,  the  experimental  data, 
although  very  limited,  show  that  the  possibility  for 
improvement  of  Greece's  evergreen  brushlands  and  the 
increase  in  forage  and  grazing  animal  production  is 
relatively  high.   To  make  this  more  concrete  and 
meaningful,  it  would  be  useful  to  say  that  in  Greece, 
within  the  evergreen  brushlands  suitable  for 
livestock  grazing,  meat  production  could  be 
increased  by  at  least  three  times,  on  the  average, 
after  the  appropriate  improvement  of  brush  cover  and 
the  application  of  proper  management.   Thus,  the 
estimated  present  meat  production  of  18,000  ton/year 
could  reach  the  amount  of  7  2,000  ton/year.   Greece's 
evergreen  brushlands  suitable  for  grazing  are 
estimated  at  600,000  ha  out  of  a  total  area  of 
783,000  ha.   Moreover,  it  is  the  author's  belief 
that  the  opportunity  for  further  improvement  of 
forage  production  and  an  increase  of  animal  products 
from  brushlands  is  great. 

Management  techniques  to  be  applied  in  evergreen 
brushlands,  to  secure  the  highest  possible  sus- 
tained yield  of  forage  and  livestock  products,  are 
not  well  defined.   It  is  not  yet  known  which  struc- 
ture and  form  of  vegetation  is  most  productive.   A 
series  of  experiments  are  underway  to  approach  the 
solution  to  the  problem.   The  following  three  forms 
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Figure  4 — Improved  brushland  with  controlled  burning 
of  brush  cover  and  seeding  of  valuable  forage 
species  on  the  ash. 


are  being  investigated  to  evaluate  their  compati- 
bility for  the  various  brushland  sites: 

a)  A  vegetation  form  that  seems  quite  promising 
for  relatively  good  sites  is  that  shown  in  figure 
4.   Brush  plants  are  low,  spreading  on  the  ground 
surface,  with  grasses  growing  between  in  large  or 
small  patches,  occupying  30  to  40  percent  of  the 
total  area. 

b)  A  brush  form  which  is  suitable  for  relatively 
poor  and  rocky  sites  is  shown  in  figure  5.   Under 
this  form  the  individual  brush  plants  are  evenly 
distributed  all  over  the  area  at  a  height  within  the 
reach  of  goats.   The  browse  produced  is  organized 
vertically  over  all  the  depth  of  the  brush  stand. 
Grass  forage  produced  under  this  form  is  very 


Figure  6 — Dwarf  brush  stands  with  grass-covered 
between  brush  patches  and  small  tree-like 
individuals  of  kermes  oak  interspersed,  to  supj 
spreading  shoots  and  produce  acorns  for  animal 


Figure  5 — Brushland  improved  by  eliminating 
undesirable  brush  plants  and  limiting  the  brush  to  a 
height  within  the  reach  of  browsing  goats. 


limited.   Therefore,  in  order  to  secure  the  fo: 
required  by  the  livestock,  the  brush-covered  le 
should  be  incorporated  in  the  same  management 
allotment  with  the  required  grass-covered  area 

c)  The  third  form,  which  has  high  esthetic  \ 
is  an  improved  form  of  the  first  (fig.  6).   Unc 
this  form,  a  number  of  kermes  oak  shoots  evenlj 
distributed  all  over  the  area  are  left  to  grow 
high  as  small  trees.   The  main  advantages  expe< 
under  this  diversified  form  are  (1)  betterment 
microclimatic  conditions  with  the  aim  of  retail 
greater  quantity  of  water  and  improving  the 
evapotranspiration  efficiency  in  the  system;  (; 
conservation  of  the  vigor  of  spreading  brush  si 
which  are  heavily  browsed;  (3)  production  of  a 
considerable  quantity  of  acorns,  which  are  a 
valuable  feed  for  livestock  during  the  most  cr 
season  for  browsing  animals — late  summer  and  e;  l] 
autumn;  and  (4)  a  very  significant  improvement  f 
the  landscape  and  the  recreation  conditions  in  n 
area  falling  within  the  most  touristically  imp' t; 
zone  of  Greece.  ,_ 
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Research  and  Management  of  Animals  in 
Mediterranean-Type  Ecosystems:  A  Summary 
and  Synthesis' 

Ronald  D.  Quinn- 


Suiranarizing  a  session  as  diverse  as  this  one 
has  been  challenging.   The  papers  deal  with 
animals  as  different  as  insects  and  Mountain 
Sheep,  from  five  different  parts  of  the  world, 
both  domestic  and  feral,  and  from  the  perspective 
of  both  research  scientists  and  land  managers. 
The  only  thing  these  papers  have  in  common  is 
that  they  all  deal  with  animals  in  Mediterranean- 
type  ecosystems.   In  the  summary  that  follows  I 
have  drawn  inferences  which  may  not  be  in  accor- 
dance with  the  professional  opinions  of  all 
session  participants.   It  is  my  intention  to 
stimulate  further  thought  on  the  subject  at  hand, 
not  to  have  the  last  word,  and  I  am  solely 
responsible  for  what  follows. 

This  session  has  accomplished  its  two  major 
goals:   1)  it  has  been  a  truly  international 
exchange  of  ideas  bringing  together  researchers 
from  all  five  parts  of  the  world  having 
Mediterranean- type  ecosystems  and  2)  in  the 
presentations  there  has  been  a  productive  balance 
between  research  and  the  application  of  that  re- 
search to  management  situations. 

The  summary  and  discussion  below  treat  topics 
in  approximately  the  order  they  were  presented, 
with  small  mammals  first,  followed  by  insects, 
deer  and  Mountain  Sheep,  and  finally  domestic 
goats.   I  conclude  with  a  few  remarks  about 
future  research  on  the  animals  of  Mediterranean- 
type  ecosystems. 


SMALL  MAMMALS 

The  influence  of  fire  on  small  mammal  commu- 
nities was  analyzed  for  Australia  (Fox;  Catling, 
Newsome  and  Dudzinski) ,  and  South  Africa  (Willan 
and  Bigalke) .  Using  a  most  innovative  approach. 
Fox  showed  that  despite  being  members  of  distant 
phyla  both  small  mammals  and  ants  can  be  used  as 
indices  of  disturbance  in  Australian  heathlands. 
In  both  cases  the  patterns  of  replacement  of  one 
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species  by  another  showed  the  importance  of  the 
changing  structure  of  the  plant  community  in 
ordering  corresponding  changes  in  the  structure  ; 
the  animal  community.   This  relationship  between 
the  habitat  structure  and  the  community  structur 
of  small  mammals  was  stressed  by  Catling,  Newsorr 
and  Dudzinski  for  the  dry  sclerophyll  forests  of  , 
southeastern  Australia,  by  Willan  and  Bigalke  fc 
the  montane  fynbos  of  South  Africa,  and  by  Glanz^ 
and  Meserve  for  the  sclerophyll  shrublands  of  bdi 
southern  California  and  central  Chile.   In  the  cse 
of  Catling  and  coworkers,  fire  intensity  was  alsc 
found  to  be  important  to  the  structure  of  the 
small  mammal  community,  but  this  too  was  inter- 
preted in  terms  of  the  resulting  structure  of  tY 
plant  community  rather  than  the  direct  effects  c 
the  heat  of  a  fire  on  the  animals. 

This  consistent  connection  between  the  struc- 
ture of  the  habitat  and  the  structure  of  the  sm£. 
mammal  community  is  interesting  in  two  respects. 
First,  to  the  researcher  it  suggests  that  in 
Mediterranean-type  ecosystems  it  is  the  physical 
structure  of  the  habitat,  not  the  presence  of 
particular  species  of  plants,  that  causes  the 
presence  or  absence  of  particular  species  of  ani 
mals.   Secondly,  to  the  manager  it  suggests  that 
when  the  successional  changes  in  the  community  c 
small  mammals  are  well  understood,  as  they  are  i 
California  chaparral  and  southeastern  Australia! 
heath,  diversity  and  abundance  of  the  small  mamn'L 
community  can  be  predicted  from  measurement  of 
readily  determined  parameters  of  the  habitat,  sii 
as  the  size  of  the  plants,  age  of  the  plant  comn- 
nity,  or  the  presence  of  rock  outcrops.  Converse/, 
the  condition  of  the  habitat  can  be  assessed  by 
sampling  the  community  of  small  mammals,  which  i 
some  cases  may  be  more  easily  accomplished  than 
more  direct  measurements  of  the  environment. 


In  montane  fynbos  Willan  and  Bigalke  found  tl 
diversity,  abundance,  and  biomass  for  the  commui 
of  small  mammals  peaked  within  the  first  several 
years  after  fire.   This  finding  is  typical  for 
fire-prone,  Mediterranean-type  ecosystems.   Sim; 
post-fire  population  peaks  are  reported  in  this 
session  for  southeastern  Australia  by  both  Fox  ; 
Catling  and  coworkers,  and  for  southern  Califori 
by  Wirtz .   The  remarkable  thing  about  the  South 
African  pattern,  however,  was  a  second  peak  in 
these  community  characteristics  in  very  old 
(38  years)  fynbos.   This  increase  seemed  to  be 
related  to  a  secondary  recovery  of  the  plant 
community  after  earlier  senescence,  which  in  tuj 
caused  it  to  once  again  develop  those  attribute, 
which  supported  the  first  peak. 

Bigalke  and  Willan  emphasized  the  importance 
nearby  refugia  as  centers  of  dispersal  for  smal! 
mammals  back  into  recently  burned  areas.  Dispe: 
between  patches  of  vegetation  of  different  ages 
was  also  discussed  by  Catling,  Newsome  and  Dudzi 
This  dispersal  phenomenon  has  management  implici 
tions,  suggesting  that  not  only  the  time  intervi 
between  fires  but  also  the  size  and  pattern  of 
patches  burned  (or  unburned)  are  important  in  tl 
community  dynamics  of  small  mammals.   Catling  ai 
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:  workers  also  arrived  at  the  rather  surprising 
:iclusion  that  intense  fires  in  the  sclerophyll 
j-ests  of  southeastern  Australia,  rather  than  the 
:.)ler  fires  favored  by  managers,  are  the  best  way 
:  maximize  the  abundance  and  diversity  of  the 
ull  mammal  community: 

:  Glanz  and  Meserve  made  comparisons  between  the 
iucture  of  small  mammal  communities  in  the 
J  erophyll  shrublands  of  central  Chile  and 
j.thern  California.   They  found  that  convergence 
),  community  structure  between  paired  communities 
(the  two  continents  was  rather  weak,  with 
rferences  being  more  notable  and  intriguing  than 
idlarities.   This  lack  of  close  convergence 
I  ngst  the  small  mammals  is  consistent  with  the 
[  eral  conclusions  of  comparisons  of  many  other 
;a  between  these  two  ecosystems.   There  were 
1  ferences  in  trophic  organization  and  the  range 
(habitat  preferences  between  the  two  faunas. 
?iy   also  reported  low  and  highly  variable  popu- 
.  ion  densities  in  Chile  when  compared  to  Calif - 
)lia,  and  lesser  community  diversity  as  well. 
:<  is  interesting  that  Catling  and  coworkers  also 
:Jnd  low  densities  and  diversity  in  the  sclero- 
)',  11  forests  of  southeastern  Australia,  as  did 
ialke  in  some  circumstances  in  montane  fynbos. 
'  relatively  high  diversity  and  abundances  found 
i;  Wirtz  in  California  chaparral  were  comparable 
;ithe  findings  of  Glanz  and  Meserve  for  the  same 
lion.   It  may  be  that  for  small  mammal  communi- 
:\s   in  Mediterranean- type  ecosystems,  low 
ilndance  and  diversity  are  the  rule  with  Calif- 
i:.ia  as  an  exception. 

.■Jirtz  observed  a  pattern  of  resilience  and 
;<bility  in  a  community  of  birds  and  small  mammals 
xlowing  a  chaparral  wildfire.   Although  some 
ii:;ies  appeared  and  others  disappeared,  and  the 
:<ative  abundances  between  species  changed  rapidly, 
Jice  was  a  steady  increase  in  biomass  to  2-3  kg/ha 
i^sr  three-and-one-half  years.   By  contrast 
Icling  and  coworkers  reported  a  small  mammal  bio- 
i£3  of  1.5-2.5  kg/ha,  which  was  reached  5  years 
liar  fire.   In  Wirtz'  study  if  either  rodent  (or 
);J)  diversity  or  biomass  is  used  as  an  index  of 
:cnunity  recovery,  the  burned  plots  exceeded  the 
iCcrols  in  less  than  2  years.   The  changes  that 
lizz   found  are  consistent  with  the  structural 
icLtat  preferences  of  the  individual  species  of 
in  11  mammals. 

^uentes  and  Simonetti  found  that  mammals  in  the 
^■iLean  matorral  not  only  responded  to  the  structure 
>i:he  plant  community,  but  also  played  a  rather 
Jtjrtant  role  shaping  that  structure.   Furthermore, 
:!■  impact  of  exotic  herbivores  was  quite  different 
^  1  that  of  native  species.   These  phenomena, 
iliough  not  surprising,  have  not  received  suffi- 
:iit  attention  by  researchers.   It  is  important 
-c  both  pure  and  applied  ecologists  working  in 
'e.Lterranean  areas  to  remember  that  herbivores, 
i-rLuding  small  mammals,  can  act  as  agents  of 
:h  ige  within  an  ecosystem.   Fuentes  and  Simonetti 
51  ;ented  evidence  that  herbivores,  especially 
JC:s,  exert  pressures  upon  the  plant  community 
'^^';h  are  potentially  drastic  and  undesirable. 


INSECTS 

The  opening  statement  of  Force's  paper  is  the 
most  important — the  study  of  insects  in  chaparral 

(and  other  Mediterranean-type  ecosystems)  has  been 
largely  neglected.   In  view  of  the  strong  influ- 
ences insects  have  over  the  plant  community 

(especially  reproduction) ,  and  their  importance  as 
a  food  resource,  this  oversight  is  unfortunate. 
Force  clearly  showed  that  some  groups  of  insects 
responded  with  remarkable  rapidity  to  the  equally 
rapid  changes  in  the  plant  community  after  chaparral 
fire.   In  the  early  years  after  fire  these  insects 
were  sufficiently  abundant  to  constitute  an  impor- 
tant food  resource  for  birds,  as  was  shown  by  Wirtz, 
and  for  phytophagous  insects  to  damage  plants  as  was 
found  by  Force  for  aphids  on  lupines.   Wirtz  report- 
ed that  of  55  species  of  chaparral  birds,  35  be- 
longed to  guilds  that  feed  largely  or  exclusively 
upon  insects.   Fuentes  and  Simmonetti  mentioned 
that  insects,  not  vertebrates,  are  the  most  impor- 
tant defoliators  of  matorral  shrubs  to  the  extent 
that  they  change  shrub  densities  by  altering  the 
competitive  equilibrium  between  populations  of 
shrubs . 

In  Australian  heath  slowly  recovering  from  min- 
ing disturbance.  Fox  found  that  groups  of  ant 
species  replace  one  another  in  response  to  changes 
in  the  plant  community,  and  that  this  replacement 
process  is  influenced  by  competition  between  the 
dominant  species  of  ants. 


CHAPARRAL  DEER  AND  MOUNTAIN  SHEEP 

Thornton  described  a  herd  of  black-tailed  deer 
(Cervus  hemionus  columbiana)  living  in  chaparral 
that,  after  a  long  period  of  decline,  experienced 
a  300-percent  increase  in  numbers  over  a  period  of 
7  years.   This  increase  was  the  result  of  a  fuel 
management  program  which,  among  other  things, 
greatly  improved  the  extent  and  quality  of  deer 
habitat.   This  highly  successful  management  program 
has  produced  numerous  benefits  at  a  relatively  low 
cost. 

Bleich  and  Holl  emphasized  the  importance  of  the 
physical  environment,  rather  than  vegetation  type 
in  defining  desirable  habitat  for  the  Mule  Deer 
(Cervus  hemionus)  and  the  Mountain  Sheep  (Ovis 
canadensis) .   They  presented  models  which  predict 
the  potential  of  habitats  to  support  populations 
of  these  two  species,  and  provide  guidelines  for 
the  systematic  improvement  of  habitat  for  either 
species  through  manipulation  of  the  vegetation. 


DOMESTIC  GOATS 

Recently  goats  have  been  used  experimentally  to 
manage  vegetation  in  the  chaparral  of  California 
and  Arizona.   The  interactions  between  the  goat 
herds  and  the  vegetation  were  reported  by  Knipe , 
and  Sidahmed  and  coworkers.   The  emphasis  in  both 
studies  was  to  use  goats  as  a  tool  for  reducing 
fuels  and  for  type  conversion  of  the  vegetation 
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on  public  lands.   Knipe  has  found  that  under  care- 
ful management,  herds  of  goats  can  assist  in  fuel 
reduction,  type  conversion  from  shrubs  to  grasses, 
improvement  of  water  output,  and  even  in  the 
planting  of  grass  seeds  by  trampling!   Although 
goat  herders  may  profit  from  such  a  project  by 
selling  goat  products,  these  economic  benefits 
were  secondary  to  the  study. 

Sidahmed  and  coworkers  clearly  showed  that  goats 
are  selective  herbivores  that  both  browse  and 
graze.   These  feeding  habits  were  also  shown  by 
Knipe' s  data,  and  both  studies  emphasized  that 
regular  goat  grazing  can  be  a  powerful  agent  of 
change  in  the  composition  of  plant  communities. 
Liacos  pointed  out  that  in  Greece,  where  goat 
grazing  practices  have  been  determined  by  tradition 
and  short-term  economic  gains ,  there  has  been  deg- 
radation of  the  forage  value  of  the  plant  community 
over  the  long  term.   Only  recently  have  scientists 
like  Liacos  analyzed  the  changes  in  management 
practices  that  would  be  necessary  to  improve  the 
forage  value  of  the  brushlands  in  which  goats 
graze,  so  that  the  scope  and  magnitude  of  long- 
term  economic  benefits  could  be  increased. 

Fuentes  and  Simonetti  described  the  desertifi- 
cation of  the  more  arid  parts  of  Central  Chile 
from  long-term  goat  grazing.   More  recently  the 
introduction  of  large  numbers  of  goats  into  ever- 
green matorral  has  caused  shifts  in  the  composition 
of  that  plant  community  due  to  selective  feeding. 
In  more  extreme  situations,  matorral  degradation 
has  been  accompanied  by  soil  erosion  and  by  a 
declining  economic  return  from  goat  products. 
Fuentes  and  Simonetti  agreed  with  Liacos;  additional 
research  and  more  careful  management  practices  are 
needed  if  goat  grazing  is  to  continue  indefinitely 
as  a  productive  economic  activity. 


THE  FUTURE 

The  Mediterranean  climate  areas  of  the  world 
are  places  that  already  have  relatively  high  popu- 
lation densities,  and  these  populations  are  growing 
rapidly.   A  pleasant  climate,  growing  urban  areas 
and  productive  agriculture  will  continue  to  attract 
ever  more  people  to  these  areas  during  the  forsee- 
able  future.   The  cultural  history  of  the  Mediter- 
ranean Basin  has  shown  us  repeatedly  that  neither 
the  pristine  nor  modified  ecosystems  of 
Mediterranean- type  areas  are  especially  resilient. 
The  dismal  cycle  of  deforestation,  overgrazing, 
soil  and  watershed  degradation,  deterioration  of 
plant  communities,  and  wildlife  loss  has  been  seen 
all  too  often  to  be  ignored.   In  regions  where  the 
vegetation  has  been  less  degraded,  there  is  the 
problem  of  destructive  and  uncontrollable  wild- 
fires raging  through  sclerophytic  vegetation  in 
close  proximity  to  densely  urbanized  areas. 

With  all  of  the  above  in  mind,  it  is  altogether 
proper  that  the  attention  of  research  scientists 


and  managers  should  be  devoted  to  the  understaSin 
and  management  of  these  ecosystems,  and  that  pjli 
agencies   should  sponsor  international  symposi  of 
this  kind.   It  is  appropriate  that  the  greater 
part  of  these  research  and  management  activiti  5 
should  be  focused  on  the  pressing  problems  of  ire 
management,  watersheds,  soils,  nutrients,  and 
vegetation,  so  long  as  this  approach  does  not  ^rer 
look  the  effects  of  management  practices  upon  le 
fauna. 

These  communities  of  animals  are  an  indispe:iab 
element  of  our  understanding  of  Mediterranean- rpe 
ecosystems.   A  few  animals  are  relatively  well 
studied  because  they  are  of  particular  interes; 
to  the  public,  such  as  the  spectacular  and  endii- 
gered  California  condor  (Gymnogyps  californianlO , 
the  hunted  Mule  Deer  (Cervus  hemionus) ,  and  th^ 
admired  and  rare  Mountain  Sheep  (Ovis  canadens  ;) . 
These  species  and  a  handful  of  others  like  thei, 
however,  are  exceptions.   We  remain  woefully 
ignorant  of  the  biology  of  most  vertebrates  in  I 
Mediterranean-type  ecosystems  and  know  next  to 
nothing  about  the  invertebrates.   Many  of  thesi 
species  do  not  simply  respond  to  the  condition Tf 
the  plant  communities  in  which  they  live,  theyiils^ 
influence  both  its  structure  and  function.   An.iaal 
influence  plant  reproductive  patterns  as  polliuto: 
and  by  their  dispersal  and  consumption  of  seed- 
Animals  can  greatly  modify  the  structure  of  plat 
communities  by  selective  herbivory,  as  was  sho'i 
by  several  of  the  papers  in  this  session.   Add  ■ 
tionally,  animals  are  frequently  useful  as  ind  ;es 
of  the  condition  of  the  community  as  a  whole. 

All  management  activities  are  an  expression 
values.   I  would  like  to  conclude  with  a  plea  i  : 
a  value  that  rests  in  the  heart  of  many  of  us  1 
call  ourselves  scientists  and  managers,  but  oni 
which  is  more  difficult  than  the  others  to  redi 
to  an  annual  budget  item,  cost  benefit  analysi 
or  research  proposal.   We  must  always  remember 
that  the  presence  of  native  animals  in  Mediter: 
type  ecosystems  is  an  important  goal  for  its  o'ji 
sake.   Many  people  enjoy  seeing  these  animals  r 
even  just  knowing  that  they  are  there,  unseen. 
What  importance  they  might  have  in  maintaining  ;h£ 
integrity  of  the  ecosystem  is  often  unknown.   '  ar 
is  not  the  point.   Even  if  they  play  no  known  '1 
in  the  system  they  are  nevertheless  important ,  'ci 
their  own  sake.   In  the  press  of  what  we  belie- 1 
to  be  more  immediate  and  therefore  more  import  it 
issues,  we  must  not  lose  sight  of  the  right  th,; 
other  species  have  to  exist.   In  the  grand  schiie 
of  things  they  have  lived  in  these  marvelous, 
small,  fragile,  Mediterranean-type  ecosystems 
far  longer  than  we — and  if  we  are  wise  they  wi 
be  present  long  after  we  have  departed. 
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During  fires  a  large  quantity  of  essential 
lant  nutrients,  particularly  nitrogen,  may  be 

„.ost  from  terrestrial  ecosystems  to  the  atmos- 
"here  (Raison  1979) .    These  losses  have  been 
uantified  in  chaparral  ecosystems  (DeBano  and 
onrad  1978,   DeBano  et  al.  1979),  as  have  the 
osses  in  erosion  and  runoff  following  fire 

^jDeBano  and  Conrad  1976) .    The  marked  response 
f  Adenostoma  chaparral  to  nitrogen  fertilization 
Hellmers  et  al .  1955)  has  led  to  the  widespread 
ecognition  of  nutrient  limitations  to  growth  in 

.'■Ihaparral  soils.   If  fires  are  frequent,  large 
osses  could  deplete  chaparral  sites  of  nitrogen 
t  a  more  rapid  rate  than  it  is  replenished  by 

^-tmospheric  deposition  and  by  nitrogen-fixing 
pecies  such  as  Ceanothus . 

I  Over  the  past  several  years  we  have  studied 
jilhe  rate  of  deposition  of  nutrients  from  the 
tmosphere  in  the  chaparral  near  Santa  Barbara, 
A.  The  goal  of  these  studies  was  to  compare 
he  annual  deposition  of  nutrients  to  the  typical 
osses  in  runoff  and  to  the  nutrient  requirements 
or  growth  in  mature  chaparral.   Our  data  also 
How  a  calculation  of  the  time  needed  to  replen- 
sh  the  exacerbated  losses  which  occur  as  a 
esult  of  fire.   In  our  early  studies,  we 
ollected  rainfall  and  dry  fallout  together  in 
pen  funnels  (Schlesinger  and  Hasey  1980) ;  more 
ecently  we  have  separated  these  deposition 
rocesses  by  collections  using  an  automatic 
ain  collector.   Here  we  report  on  our  recent 
ork,  and  we  review  sources  of  similar  data  in 
alifornia. 

ETHODS  AND  MATERIALS 

We  established  a  research  site  on  the  south 
lope  of  the  Santa  Ynez  Mountains  (Los  Padres 
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Abstract :   Precipitation  and  dry  fallout  were 
collected  over  a  2-year  period  at  a  remote  site  in 
the  Santa  Ynez  Mountains,  Santa  Barbara  County, 
California,  USA  and  analyzed  for  nutrient  content. 
Mean  annual  depositions  of  Ca  (2.2  kg/ha),  K 
(0.7  kg/ha),  NH4-N  (0.5  kg/ha),  and  NO„-N  (1.5 
kg/ha)  were  largely  derived  from  dryfall;  deposi- 
tions of  Na  (7.2  kg/ha)  and  Mg  (1.2  kg/ha)  were 
important  in  both  rainfall  and  dry  fallout.   These 
inputs  are  equal  to  or  larger  than  the  typical 
losses  reported  in  runoff  from  mature  chaparral, 
but  these  values  imply  that  long  periods  are 
necessary  to  replace  losses  measured  in  volatili- 
zation and  exacerbated  runoff  after  fire. 


National  Forest)  at  850  m  elevation  and  approx- 
imately 10  km  north  of  the  Pacific  Ocean  near 
Santa  Barbara,  CA.   The  site  was  3  km  west  of 
the  transect  of  sites  used  for  precipitation 
collections  in  related  studies  (Schlesinger  and 
Hasey  1980,  1981).   While  these  sites  are  close 
to  the  ocean,  the  south  slope  of  this  mountain 
range  receives  little  direct  deposition  of  salt 
spray  and  marine  aerosols  (Ogden  1975,  p.  205- 
206) .   Direct  on-shore  winds  are  predominant  only 
during  the  arrival  of  winter  synoptic  storms  from 
the  Pacific  Ocean.   The  site  is  remote  from 
anthropogenic  sources  of  atmospheric  constituents. 

Over  a  25-month  period  we  measured  precipita- 
tion in  individual  rainstorms  using  a  standard 
U.S.  Weather  Bureau  8"  (20.3  cm)  diameter  rain- 
gage.   Monthly  total  airflow  was  measured  with  a 
recording  3-cup  anemometer  mounted  2  m  above 
ground-level.   A  continuous  record  of  air  temp- 
erature and  relative  humidity  was  obtained  using 
a  sheltered  hygrothermograph  (Weathermeasure 
Model  H311),  but  these  data  are  not  reported  in 
in  the  present  paper. 

We  used  an  automatic  rain  collector  (Aerochem 
Metrics  Model  101),  electronically  sensitive  to 
precipitation  e^^ents,  to  collect  nutrient  deposi- 
tion in  rainfall  and  dry  fallout  in  separate 
(28-cm  diameter)  plastic  buckets.    This  rain 
collector  was  originally  designed  by  the  U.S. 
Atomic  Energy  Commission  and  tested  favorably  in 
the  trials  reported  by  Galloway  and  Likens  (1976) 
and  Bogen  et  al .  (1980).   The  plastic  buckets 
were  washed  with  50  percent  HCl  and  rinsed  5 
times  with  deionized  water.   They  were  transpor- 
ted to  the  field  in  plastic  bags.   At  the  end  of 
each  storm  and  at  the  end  of  each  month,  the 
wetfall  bucket  was  replaced  with  a  clean  collec- 
tor, the  volume  of  precipitation  was  recorded, 
and  an  aliquot  of  the  precipitation  was  saved  for 
analysis.   At  the  end  of  each  month,  the  dry- 
fall  collector  was  rinsed  with  250  ml  of  glass- 
distilled  water  which  was  saved  for  analysis; 
thus,  our  analyses  include  only  those  ions  that 
are  dissolved  when  dryfall  is  leached  with  dis- 
tilled water  (fraction  2  of  Lewis  and  Grant  1978)  . 
A  clean  dryfall  bucket  was  placed  in  the  rain 
collector  at  this  time. 
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During  15  months  of  the  study,  we  also 
collected  bulk  precipitation  using  the  rain 
collector  designed  and  tested  by  Likens  et  al. 
(1967,  1977)  to  collect  a  composite  sample  of 
rainfall  and  dry  fallout  at  the  Hubbard  Brook 
Ecosystem  in  New  Hampshire.   This  collector 
consisted  of  a  10-cm  diameter  polypropylene 
funnel  connected  to  a  1-liter  polypropylene 
bottle  with  tygon  tubing.   It  was  acid-washed, 
rinsed,  and  replaced  in  the  field  after  each 
stonr,.   It  was  also  rinsed  at  the  end  of  each  month, 

The  various  samples  were  analyzed  for  Ca,  Mg, 
K,  and  Na  as  described  in  Schlesinger  and  Hasey 
(1980).   During  the  second  year  of  study,  the_ 
samples  were  also  analyzed  for  NH   -N  and  NO^  -N 
as  described  in  Schlesinger  and  Hasey  (1980). 
Analyses  for  the  nitrogen  constituents  were 
performed  as  soon  as  possible  after  collection, 
usually  within  24  hours;  thus,  no  preservatives 
were  used  in  the  collectors.    For  each  rainfall 
event,  concentrations  of  ions  (mg/1)  in  the 
wetfall  and  in  the  Hubbard  Brook  collector  were 
multiplied  by  the  volume  of  precipitation, 
converted  to  l/m2  based  on  the  area  of  the 
collector  surface,  to  calculate  total  deposition 
(mg/m'^)  .    Concentrations  in  the  water  used  to 
rinse  the  dryfall  collector  were  converted  to 
dry  deposition  based  on  the  volume  of  rinse 
water  and  the  area  of  the  collector. 

In  this  paper  we  use  the  term  "bulk  precip- 
itation" to  refer  to  collections  made  using  the 
Hubbard  Brook  collector.    "Total  deposition" 
refers  to  the  sum  of  "wet  deposition  (wetfall)" 
and  "dry  deposition  (dry  fall),"  as  collected 
in  the  automatic  rain  collector.    When  data  are 
treated  as  monthly  depositions,  it  should  be 
remembered  that  these  are  derived  from  summing 
the  collections  and  calculations  for  the  indiv- 
idual rainstorms  during  the  month. 


RESULTS  AND  DISCUSSION 

Long-term  measurements  compiled  by  the  National 
Oceanic  and  Atmospheric  Administration  for  Santa 
Barbara  (elevation  3  m)  indicate  a  mean  annual 
rainfall  of  45  cm.   Sites  in  the  coastal  mountains 
of  southern  California  generally  receive  greater 
rainfall  than  lower  elevations  along  the  coast 
(Bauer  1936,  Miller  and  Poole  1979,  Schlesinger 
and  Hasey  1980) ,  but  the  influence  of  local 
topography  on  rainfall  patterns  often  results  in 
only  a  weak  correlation  of  increasing  rainfall 
with  increasing  elevation  in  the  mountains.  Santa 
Barbara  County  records  show  a  mean  annual  rainfall 
of  77  cm  for  a  33-year  period  at  San  Marcos  Pass 
(700  m  elevation),  along  the  ridgetop  of  the 
Santa  Ynez  Mountains  2.5  km  west  of  our  study 
site.   During  the  2  years  of  study,  we  recorded 
76  and  111  cm  of  rainfall  in  the  U.S.  Weather 
Bureau  gage. 

Because  of  progressive  atmospheric  cleansing 
during  large  storms,  the  concentrations  of  ions 
in  precipitation  often  decrease  during  the  dura- 


tion of  rainfall  (Junge  1963,  Georgii  and  Wot bl 
1970,  Gatz  and  Dingle  1971,  Kennedy  et  al.  19 f . 
Thus,  concentrations  are  higher  in  rainfall  c 
lections  from  small  storms  than  from  larger  slllnni 
To  express  rainfall  concentrations,  many  work* 
use  weighted  average  concentrations,  calculate 
by  dividing  the  total  deposition  in  a  collect 
period  (mg/m  )  by  the  total  volume  of  precipil 
tion  recorded  (l/m^) .  Table  1  shows  the  annu. 
weighted  average  concentrations  {mg/1)  in  wet]  LI 
for  the  various  ions  for  the  2  years  of  study 
Not  surprisingly  for  this  coastal  site,  Na  an(j|lg 
are  dominant  ions,  reflecting  their  abundance 
sea  water  from  which  aerosols  and  rainfall  nu( 
are  commonly  formed  (Gorham  1961). 


>i 


We  found  only  non-significant  negative  lini  : 
correlations  between  the  ionic  concentrations 
the  wetfall  collections  and  increasing  precip:  i- 
tion  volume.   The  correlations  between  log-coi  - 
tration  and  precipitation  were  usually  strongi 
(higher  r^)  ;  these  correlation  coefficients  (r^, 
were  -0.60*  for  Ca,  -0.01  for  Mg,  -0.53*  for  1 
+0.12  for  Na,  -0.82*  for  NH4+-N   and  -0.60  fo; 
NO  ~-N.   Thus,  those  ions  derived  from  continiita! 
and  terrestrial  sources  (e.g.,  Ca  and  K,  Gorhii 
1961)  show  a  stronger  tendency  to  be  cleansed 
from  the  atmosphere  during  rainfall  than  thos( 
derived  from  the  ocean.   This  conclusion  is 
directly  opposite  from  that  of  Kennedy  et  al.' 
(1979)  in  an  analysis  of  rainfall  chemistry  ii 
northern  California;  however,  we  feel  that  ou 
results  are  likely  to  be  more  typical  for  preii.p- 
itation  derived  from  maritime  aerosols. 

In  most  regions  the  concentrations  of  Na  a^. 
CI  in  precipitation  can  be  used  as  an  index  o 
the  relative  importance  of  the  sea  as  a  sourc 
of  dissolved  constituents  in  rain  and  of  aero ils 
for  raindrop  nuclei.   Sodium  may  be  slightly  e- 
f erred  over  CI,  for  some  CI  is  apparently  als 
derived  from  continental  or  anthropogenic  soutes 
(Likens  et  al .  1977,  Kennedy  et  al.  1979).  Re  :)g- 
nizing  the  possibility  that  various  ions  migh( 
be  fractionated  during  the  production  of  mari  '. 
aerosols  (e.g..  Glass  and  Matteson  1973),  one, 
assumes  that  all  Na  is  ocean-derived  and  thatlthe 
oceanic  contribution  of  other  ions  will  be  inii 
ratio  similar  to  sea  water.   In  the  present  s  idy- 
the  Ca/Na  ratio  for  the  weighted  average  cone 
trations  of  these  ions  in  wetfall  suggests  sl;ht 
enrichment  of  the  Ca  ion  in  rainfall;  Ca/Na  i 
0.06  in  wetfall  vs.  0.04  in  sea  water  (Mason 
p.  195).  Ratios  for  Mg/Na  (0.13)  and  K/Na  (0.|) 
in  wetfall  show  no  indication  of  enrichment  o 
these  ions  compared  to  sea  water  ratios  of  0. 
and  0.04,  respectively.    Comparisons  using  r 
of  nitrogen  are  not  usually  made  because  of  t: 
labile  nature  of  these  constituents.   Further 
indication  of  the  enrichment  of  Ca  from  contijm- 
tal  sources  is  shown  in  figure  1,  which  inclu 
the  concentrations  of  Ca  and  Na  in  individual 
wetfall  samples.    For  most  samples,  the  Ca  v 
lie  above  a  line  representing  the  Ca/Na  ratio.n 
sea  water,  especially  in  small  storms  with  re  i- 
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significant   at   P<0.05 
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Table  1 — Concentrations  and  depositions  of  nutrient 
ions  in  wet-  and  dryfall  from  the  atmosphere  in  the 
Santa  Ynez  Mountains.    All  calculations  have  been 
rounded . 


jaieighted  average  concentrations  in  wetfall  (mg/1) 
tf  1978-1979 

„  1979-1980 

\  2 

nnual  depositions  in  wetfall  (mg/m  ) 

1978-1979 

1979-1980 

2 
jetnnual  deposition  in  dryfall  (mg/m  ) 

J  1978-1979 

1979-1980 

■'-'  2 

Jotal  deposition  (mg/m  /yr) 

A  1978-1979 

-||  1979-1980 

''ean  annual  deposition,  this  study  (mg/m  ) 

jjjean  annual  deposition,  extrapolated  from 

J     Schlesinger  and  Hasey  (1980)    (mg/m  ) 

2 
"  verall  mean  annual  deposition  (mg/m  )  -  3  years 


Rainfall 


76 
111 


Ca 


0.03 
0.03 


24 
28 


123 

256 


147 
284 

216 
140 
190 


Mg 


0.06 
0.06 


43 
70 


45 

74 


144 
116 

80 

104 


Na 


NfH,"''-N 
4 


0.01 
0.02 


5 
24 


46 
60 


51 
84 

68 
40 
58 


0.44 

0.49   0.02 


336 

542 


185 
384 


521 
926 

724 
610 
688 


17 

35 

52 
52 

10 

31 


NO  -N 


0.03 

25 

128 

153 
153 

90 

121 


^f   data  in  cm. 

irt 

•''•.vely  high  concentrations  of  Ca .   In  comparison, 
le  Mg  values  lie  closer  to  the  Mg/Na  ratio  in 
•awater  over  the  full  range  of  concentrations 

%corded . 

a 

'■■^   In  an  earlier  study  (Schlesinger  and  Hasey  1980) 
''''■.ry  strong  enrichment  of  Ca  and  K  and  slight 
'iirichment  of  Mg  were  observed  In  bulk  preclpita- 
s  on  (rainfall  +  dry  fallout)  collections  in  the 
Cinta  Ynez  Mountains.    While  our  present  data 
'■'IT   wetfall  show  enrichment  for  Ca,  it  is  now 
l''ivious  that  most  of  the  enrichment  in  the  bulk 
i^^'ecipitation  values  was  due  to  contributions  from 
i  'yfall  in  those  collections. 
t 

:  Total  annual  deposition  of  ions  in  wetfall  and 
;:  -yfall  collections  is  given  for  the  2  years  of 
:  udy  in  table  1.   In  accordance  with  our  inter- 
i-'etation  of  the  sources  of  ions  in  wetfall 
iillections,  the  depositions  of  Ca,  K,  NH^"'"-N  and 

'3"-N  in  dry  fallout  are  much  larger  than  the 
.  ^position  in  wetfall,  while  for  Na  and  Mg  the 
:  iposite  is  true.    The  semi-arid  climate  of 
,  'Uthern  California  allows  for  long  periods  of 


-gure  1 — (Right)  Concentrations  of  Ca  and  Mg  in 
lie  wetfall  precipitation  of  individual  storms  in 
le  Santa  Ynez  Mountains,  California,  plotted  as 

logarithmic  function  of  Na  concentrations.   In 
'th  cases  the  solid  line  represents  the  ratio  of 
iiese  ions  to  Na  in  seawater.   For  Mg,  the  dashed 

ne  is  the  least-squares-fit  linear  regression  to 
le  data  (F  =  143,  PCO.OOOl,  r2=0.88).   The  equi- 
ilent  regression  for  Ca  Is  not  significant. 
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soil  drying  and  disperrsion  of  soil  dust  by  wind. 
Thus,  there  is  a  strong  terrestrial  influence  on 
deposition  which  is  manifest  in  the  abundance  of 
dryfall  as  well  as  in  the  enrichment  of  Ca  and  K 
in  wet  deposition.   The  large  amount  of  NO3— N  in 
dryfall  confirms  earlier  reports  of  its  importance 
as  a  form  of  nutrient  deposition  from  the  atmos- 
phere in  chaparral  systems  (Christensen  1973, 
Schlesinger  and  Hasey  1980,  also  Hart  and  Parent 
1973). 

Dry  fallout  is  derived  from  a  number  of  proces- 
ses including  long  range  atmospheric  transport  and 
the  suspension  of  soil  particles  from  the  local 
environment.   We  attempted  to  separate  the  impor- 
tance of  the  suspension  of  soil  dust  from  the 
local  area,  by  expressing  monthly  dryfall  deposi- 
tion as  a  function  of  monthly  windflow  and  using 
the  Y-intercept  of  this  regression  to  represent 
dry  sedimentation  in  conditions  of  no  wind  (cf. 
Munn  and  Rodhe  1971).   Unfortunately,  none  of 
these  regressions  was  statistically  significant. 
During  the  course  of  our  study  there  were  few 
■  fires  in  the  Santa  Ynez  Mountains;  we  noted  no 
unusual  depositions  of  nutrients  during  one  large 
fire  in  October  1979,  such  as  have  been  reported 
in  studies  in  other  regions  (Clayton  1976)  . 

Monthly  deposition  in  wetfall  and  dryfall  is 
summed  to  give  monthly  total  deposition.   Total 
monthly  depositions  are  significantly  correlated 
with  monthly  precipitation  for  most  ions;  the 
correlation   coefficents  are  higher  for  Mg  (£  = 
0.89*  ±   .17)  and  Na  (r  =  0.93*  *  .12)  than  for  Ca 
(r  =  -0.06  ±  .20),  K  "(r  =  0.77*  ±  .12),  NH^-^-N 
(r  =  0.52  ±  .30)  and  NO3--N   (r  =  0.69*  ±  .20), 
though  the  95  percent  confidence  intervals  show 
overlap  among  some  pair-wise  comparisons.    The 
magnitude  of  these  coefficients  suggests  the 
extent  to  which  monthly  depositions  vary  between 
the  wet  and  dry  seasons  in  California.   Thus,  Na 
and  Mg,  which  are  not  diluted  by  increasing  rain- 
fall volume,  tend  to  be  derived  from  precipitation 
in  winter  storms,  whereas  dryfall  is  important  for 
the  latter  group.   The  low  correlation  coefficient 
for  Ca  suggests  substantial  deposition  in  months 
with  little  or  no  rain,  presumably  as  a  result  of 
more  airborne  dust  from  local  soils. 

Total  monthly  deposition  values  were  summed  to 
give  yearly  deposition  (table  1) .   Depositions 
are  higher  during  1979-1980,  reflecting  the  greater 
rainfall  received,  but  also  as  a  result  of  greater 
dryfall.   Together  with  the  annual  deposition 
values  extrapolated  from  1977  collections  by 
Schlesinger  and  Hasey  (1980) ,  these  values  give 
an  indication  of  the  annual  range  in  deposition 
to  be  expected  in  the  chaparral  of  the  Santa  Ynez 
Mountains.    As  shown  later,  the  variation  is 
relatively  Insignificant  when  the  importance  of 
atmospheric  deposition  is  assessed  in  terms  of 
other  nutrient  fluxes  in  these  ecosystems. 


*  P  <  0.05 
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Comparison  Between  Collectors 

The  Hubbard  Brook  collector  as  developed  b 
Likens  et  al.  (1967,  1977)  has  been  widely  usij 
in  their  ecosystem  studies  in  New  Hampshire  t 
collect  "bulk  precipitation,"  the  composite  o: 
wet  and  dry  processes  as  defined  by  Whitehead 
Feth  (1964)  .  As  a  result  of  the  reliability  < 
the  Hubbard  Brook  collector  and  other  advantaj 
Galloway  and  Likens  (1976,  1978)  advocate  its 
and  employ  it  as  a  standard  for  the  comparisci 
more  elegant  collectors.  In  the  present  stud 
the  volume  of  precipitation  per  storm  measureeftiy 
the  U.S.  Weather  Bureau  raingage  was  highly  c(  re 
lated  with  the  volume  measured  by  both  the  we' 
bucket  of  the  automatic  rain  collector  (  r 
and  the  Hubbard  Brook  collector  (  r  =  0.99),  l|  ; 
these  collectors  underestimated  the  volume  by 
average  of  6  percent  and  8  percent,  respectiv* 
over  the  range  of  storms  sampled.  In  a  receni 
comparative  study,  Bogen  et  al.  (1980)  also  fc  id 
that  this  model  of  automatic  rain  collector  uipr 
estimated  rainfall  by  4  percent. 

For  ions  other  than  Na  and  Mg,  we  found  poc 
correlations  between  the  total  monthly  deposil 
as  measured  in  the  Hubbard  Brook  collector  anc  ;he 
sum  of  wet  and  dry  depositions  in  the  automata 
rain  collector  (table  2),   An  Initial  interprt  i- ' 
tion  of  the  data  suggests  that  the  Hubbard  Brc  ; 
gage  and  the  automatic  rain  collector  differ  i  .nf 
as  a  result  of  different  efficiency  of  colled  ini 
for  elements  with  a  strong  dryfall  component,  'or 
most  ions  the  automatic  rain  collector  records   > 
higher  depositions  at  the  lower  range  of  depos  ■ 
tions,  but  the  opposite  is  true  at  higher  level's  0 
deposition  (cf.  magnitudes  of  slope  and  intercpt 


Table  2 —  Correlation  between  monthly  deposltins 
(mg/m2)  received  in  the  Hubbard  Brook  collected 
(bulk  precipitation)  and  in  the  sum  of  wet  anc|dry 
fall  (total  deposition)  in  the  automatic  raln^ige. 
Slope  and  intercept  are  the  factors  "m"  and  "1 
in  the  linear  equation: 


'Total  deposition 


(bulk  precipitation) 


The  converse  model  offers  no  different  interpi 
tations  of  data.    Also  given  are  weighted  ave 
concentrations  (mg/1)  in  bulk  precipitation. 

[age 

1  ^ 

Ca 

Mg 

K 

Na 

NH,'''-N 
4 

r 
t  -1 

r 

Slope 

Intercept 

Weighted 

Average 

Concentrations 

0.48  0.98*  -0.10  0.95*  0.48  0,8 

0.32   0.70*  -0.03  0.79*   1.17  3.8 

13.44   2.10   7.51  2.16   1.49   4.0 

0.20   0.15   0.14  0.94   0,02  b.l 

*  P  <  0.05 
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i'ab]e  3 —  Sources  and  loss  of  nutrients 
'rom  chaparral  ecosystems. 


Process 


nput : 

Prec  i pi  tat  ion 

2 
N-f ixat ion 


1 


)utputs,  mature  stand: 

3 
Runoff 

l)j))utputs,    post-fire: 
3 


Runoff 

Vol  at  i  1  i  Ziit  ion 


A 


Indicated    Replacement 
:  inie    for    first    year 
osses    afti^r    fire    (yr) 


Ca 


K 


N 


-kg/ha/yr- 


1.9     1.0    0.6    1.5     - 
-      1.1     - 


0.9    0.6    0.6    0.3  0.1 

67       32       27      15     3.5 
-       48    146       - 

35       32     125      62 


Present    Studv 


.'Kumm.erow   et    al.,    1978;    Ellis, 
pers .    comm. ,    1980 

(is|'DeBano   and   Conrad    1976 

osj 

'^loeBano  and  Conrad  1978 

rci 


soil  in  mature  chaparral.   For  example,  in  Aden- 
ostoma  chaparral  in  San  Diego  County,  annual 
uptake  of  nitrogen  is  estimated  at  3.4  to  8.2 
g/m2  (Mooney  and  Rundel  1979,   Marion  et  al . , 
in  press) .   In  the  Santa  Monica  Mountains  of 
Los  Angeles  County,  Gray  (1981)  measured  7.5 
g/m2/yr  nitrogen  uptake  from  the  soil  to  the 
aboveground  portion  of  a  22-year-old  stand  of 
Ceanothus  megacarpus .   In  both  cases,  the  uptake 
greatly  exceeds  the  estimated  total  atmospheric 
deposition  of  0.1  to  0.2  g/m^/yr. 

If  our  results  are  representative  of  various 
chaparral  areas  in  southern  California,  the  total 
atmospheric  deposition  of  nutrients  equals  or 
exceeds  the  annual  losses  which  have  been  reported 
in  runoff  from  mature,  undisturbed  chaparral  (e.g., 
table  3) .   The  thick  charcoal-rich  varves  in  the 
sediments  of  the  Santa  Barbara  Basin  are  indica- 
tive of  the  large  losses  of  debris  following  fires 
in  the  chaparral  through  many  millennia  (Byrne 
et  al.  1977).   DeBano  and  Conrad  (1976,  1978)  have 
measured  the  losses  of  nutrients  by  volatilization 
in  fire  and  by  accelerated  runoff  after  fire  for  a 
typical  stand  of  burned  chaparral  in  Santa  Barbara 
County  (table  3).    The  losses  greatly  exceed  the 
annual  inputs  from  the  atmosphere  and  indicate  that 
more  than  60  years  may  be  needed  to  replenish  the 
nitrogen  losses  from  a  single  fire.   A  long  replace- 
ment time  is  also  indicated  for  K,  based  on  atmos- 
pheric sources;  however,  substantial  quantities  of 
this  element  are  also  likely  to  be  replenished  by 
mineral  weathering,  which  is  not  yet  quantified  for 
chaparral  ecosystems.    Considering  chaparral  eco- 
systems on  a  regional  basis,  it  would  be  instructive 
to  know  the  extent  to  which  volatile  losses  in 
burned  areas  result  in  added  deposition  in  adjacent 
unburned  areas. 


V.i 


'•'table  2).   For  Na  and  Mg,  however,  the  Hubbard 
'^'lok  collector  yielded  higher  estimates  of  deposi- 
"' in  than  the  automatic  rain  collector  over  most 
JfJ  the  range  of  depositions  recorded.   Bogen  et  al. 
S'80)  found  that  for  various  ions  the  automatic 
i.n  collector  recorded  depositions  typically  10 
jl'cent  lower  than  other  collectors.    We  make  no 

sumptions  as  to  which  collector  is  the  more 

urate,  but  in  view  of  the  increased  sophistica- 
'''^m  and  interpretation  to  be  gained  from  the 

laration  of  deposition  processes,  the  automatic 
.^n  collector  seems  preferable  despite  its  higher 

it.   Notwithstanding,  the  annual  weighted 

■rage  concentrations  calculated  for  the  bulk 
J.'cipitation  collector  in  this  study  (table  2) 

similar  to  those  measured  using  these  collectors 

an  earlier  study  in  the  Santa  Ynez  Mountains 

hlesinger  and  Hasey  1980) . 


RIENT  BALANCE  IN  CHAPARRAL  ECOSYSTEMS 

In  mature  chaparral  there  is  a  large  pool  of 
it  nutrients  in  the  soil,  but  in  the  case  of 
rogen,  only  a  small  portion  is  potentially 
lerallzable  and  available  for  plant  uptake 
""irion  et  al.,  in  press).   Nevertheless,  atmos- 
■ric  deposition  can  contribute  only  a  small 
'tion  to  the  annual  uptake  of  nutrients  from  the 


There  are  a  number  of  ways  in  which  these  esti- 
mates should  be  improved,  including  continued  re- 
gional monitoring  and  increased  study  of  the  impor- 
tance of  nitrogen-fixing  processes.   To  the  extent 
that  atmospheric  deposition  of  nutrients  is  derived 
from  soil  dust  suspended  from  the  local  area,  esti- 
mates of  the  atmospheric  deposition  of  ions  are 
greater  than  the  actual  input  of  new  quantities  of 
these  elements  for  plant  growth.    Unfortunately, 
there  is  no  obvious  way  to  eliminate  this  over- 
estimate.  On  the  other  hand,  estimates  of  deposi- 
tion derived  from  open  collectors  are  underestimates 
to  the  extent  that  chaparral  shrubs  intercept 
aerosols  and  fog  water  from  the  horizontal  air- 
stream  (Schlesinger  and  Hasey  1980) . 

Atmospheric  pollution  by  oxides  of  nitrogen 
which  are  later  deposited  as  NOo  -N  in  rainfall 
may  have  a  stimulating  effect  on  chaparral  growth 
in  nutrient-poor  sites.   Morgan  and  Liljestrand 
(1979)  reported  rainfall  concentrations  for  a 
variety  of  sites  in  the  Los  Angeles  Basin;  in  the 
San  Gabriel  Mountains,  concentrations  of  NH,  -N 
and  N03~-N  in  wetfall  were  25  and  10  times 
higher  than  our  values  for  the  Santa  Ynez  Mountains. 
The  effects  of  this  additional  nutrient  input, 
balanced  against  deleterious  effects  such  as 
rainfall  acidity,  have  yet  to  be  evaluated. 


283 


ACKNOWLEDGMENTS 

We  thank  Mavis  Hasey  for  help  in  field  and 
laboratory  aspects  of  this  project  and  Norman  L. 
Christensen,  Leonard  F.  DeBano  and  Lochlan  Rose 
for  critical  reviews  of  an  earlier  draft  of  this 
manuscript.   We  thank  owners  and  personnel  of 
Laurel  Springs  Ranch  for  their  kindness  in  allow- 
ing us  to  maintain  the  weather  station  on  their 
property.    These  investigations  were  supported  by 
grants  from  the  Academic  Senate  of  the  University 
of  California  and  NSF  Grant  DEB-79-11753  to  the 
University  of  California,  Santa  Barbara. 

LITERATURE  CITED 

Bauer,  H.L.  Moisture  relations  in  the  chaparral  of 
the  Santa  Monica  Mountains,  California.   Ecol. 
Monogr.  6:  409-454;  1936. 

Bogen,  B.C.;  Nagourney,   S.J.;  and  Torquato,  C. 
A  field  evaluation  of  the  HASL  wet-dry  deposi- 
tion collector.  Water,  Air,  Soil  Poll.  13: 
453-458;  1980. 

Byrne,  R;  Michaelsen,  J.;  Soutar,  A.   Fossil  char- 
coal as  a  measure  of  wildfire  frequency  in  south- 
ern California:  A  preliminary  analysis.  In: 
Mooney,  H.A.;  Conrad,  C.E.,  eds.   Symposium  on 
the  environmental   consequences  of  fire  and 
fuel  management  in  Mediterranean  ecosystems. 
Washington:  U.S.  Forest  Serv;  1977:  361-367. 

Christensen,  N.L.  Fire  and  the  nitrogen  cycle  in 
California  chaparral.   Science  181:  66-68;  1973. 

Clayton,  J.L.  Nutrient  gains  to  adjacent  ecosystems 
during  a  forest  fire:  an  evaluation.  Forest 
Science  22:  162-166;  1976. 

DeBano,  L.F.;  Conrad,  C.E.  Nutrients  lost 

in  debris  and  runoff  water  from  a  burned  chap- 
arral watershed.   Tn  Proceedings  of  the  third 
federal  interagency  sedimentation  conference 
Denver,  Colorado;  1976. 

DeBano,  L.F.;  Conrad,  C.E.   The  effect  of  fire  on 
nutrients  in  a  chaparral  ecosystem.   Ecology 
59:  489-497;  1978. 

DeBano,  L.F.;  Eberlein;  G.E.;  Dunn,  P.H.  Effects 
of  burning  on  chaparral  soils. 
I.  Soil  nitrogen.   Soil  Sci.  Soc.  Amer .  J. 
43:  504-509;  1979. 

Galloway,  J.N.;  Likens,  G.E.  Calibration  of  col- 
lection procedures  for  the  determination  of 
precipitation  chemistry.   Water,  Air  and  Soil 
Poll.  6:  241-258;  1976. 

Galloway,  J.N.;  Likens,  G.E.  The  collection  of  pre- 
cipitation for  chemical  analysis.   Tellus  30: 
71-82:  1978. 

Gatz,  D.F.;  Dingle,  A.N.   Trace  substances  in  rain 
water:  concentration  variations  during  convective 
rains,  and  their  interpretation.   Tellus  23: 
14-27:  1971. 

Georgii,  H-W. ;  Wotzel,  D.  On  the  relation  between 
drop  size  and  concentration  of  trace  elements  in 
rainwater.   J.  Geophys.  Res.  75:  1727-1731;  1970. 

Glass,  S.J.;  Matteson,  M.J.   Ion  enrichment  in  aero- 
sols dispersed  from  bursting  bubbles  in  aqueous 
salt  solutions.   Tellus  25:  272-280;  1973. 

Gorham,  E.   Factors  influencing  supply  of  major 
ions  to  inland  waters,  with  special  reference 
to  the  atmosphere.   Bull.  Geol.  Soc.  Amer.  72: 
795-840.;  1961. 


284 


Gray,  J.T.  Comparative  nutrient  relations  in  ac  a- 
cent  stands  of  chaparral  and  coastal  sage  scib. 
Proceedings  of  the  Symposium  on  Dynamics  and  ian' 
agement  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

Hart,  G.E.;  Parent,  D.R.  Chemistry  of  throughf ;  1 
under  Douglas  fir  and  rocky  mountain  juniper. 


la 


Wo 


Amer.  Midi.  Natur.  92:  191-201;  1974. 

Hellmers,  H.;  Bonner,  J.F.;  Kelleher,  J.M.  Soi 
fertility:  a  watershed  management  problem  in 
the  San  Gabriel  Mountains  of  southern  Califoi.j 
Soil  Sci.  80:  189-197;  1955. 

Kennedy,  V.C.;  Zellweger,  G.W.;  Avanzino,  R.J. 
Variation  of  rain  chemistry  during  storms  at 
sites  in  northern  California.  Water  Resour. 
Res.  15:  687-702;  1979. 

Kummerow,  J;  Alexander,  J.V.;  Neel,  J.W.;  Fishl|ck?s 
K.  Symbiotic  nitrogen  fixation  in  Ceanothus  t  '* 
roots.   Amer.  J.  Bot.  65:  63-69;  1978. 

Lewis,  W.M.;  Grant,  M.C.   Sampling  and  chemical 
interpretation  of  precipitation  for  mass  balai e 
studies.   Water  Resour.  Res.  14:  1098-1104;  ;:78'' 

Likens,  G.E.;  Bormann,  F.H.;  Johnson,  N.M.;  Pi«'ce'- 
R.S.   The  calcium,  magnesium,  potassium,  and 
sodium  budgets  for  a  small  forested  ecosyster 
Ecology  48:  772-785;  1967. 

Likens,  G.E.;  Bormann,  F.H.;  Pierce,  R.S.;  EatO, 
J.S.;  Johnson,  N.M.   Biogeochemistry  of  a  foiilsti' 
ecosystem.   New  York:  Springer;  1977.  146  p.|  '?' 

Marion,  G.M.;  Kummerow,  J;  Miller,  P.C.  Predlcl|ng^ 
nitrogen  mineralization  in  chaparral  soils,  ol' 
Sci.  Soc.  Amer.  J.,  in  press. 

Mason,  B.  Principles  of  geochemistry.   3rd.  ed. 
New  York:  Wiley;  1966.   329p. 

Miller,  P.C;  Poole,  D.K.  Patterns  of  Wcjer'" 
use  by  shrubs  in  southern  California.  Forest*  '''■ 
Science  25:  84-98;  1979. 

Mooney,  H.A.;  Rundel,  P.W.  Nutrient  relationsilof.- 
the  evergreen  shrub,  Adenostoma  f asciculatum,!  II 
in  the  California  chaparral.  Bot.  Gaz.  140:  '  ' 
109-113;  1979. 

Morgan,  J.J.;  Liljestrand,  H.M.   Measurement  ar 
interpretation  of  acid  rainfall  in  the  Los  Are- ■ 
les  Basin.   Final  report  to  the  California  A3 
Reources  Board,   Mimeographed;   1980.   54  p. 

Munn,  R.E.;  Rodhe,  H,    On  the  meteorological 
interpretation  of  the  chemical  composition  of 
monthly  precipitation  samples.   Tellus  23:  1-3; 
1971. 

Ogden,  G.L.  Differential  response  of  two  oak  sp:i< 
to  far  inland  advection  of  sea-salt  spray  aersol 
Univ.  Calif.,  Santa  Barbara:  Ph.D.  Dissertatii; 
1975   230p. 

Raison,  R.J.   Modification  of  the  soil  environirit 
by  vegetation  fires,  with  particular  referenc  to 
nitrogen  transformations:  a  review.   Plant  Sol 
51:  73-108;  1979. 

Schlesinger,  W.H.;  Hasey,  M.M.   The  nutrient  co:en 
of  precipitation,  dry  fallout,  and  intercepte 
aerosols  in  the  chaparral  of  southern  Cali- 
fornia.  Amer.  Midi.  Natur.  103:  114-122;  198. 

Schlesinger,  W.H.;  Hasey,  M.M.  Decomposition  of 
chaparral  shrub  foliage:  losses  of  organic  an 
inorganic  constituents  from  deciduous  and  eve- 
green  leaves.   Ecology  62:  in  press;  1981. 

Whitehead,  H.C.;  Feth,  J.H.  Chemical  compositio;!  i 
of  rain,  dry  fallout,  and  bulk  precipitation  ':  * 
Menlo  Park,  California,  1957-1959.   J.  Geophy, 
Res.   69:  3319-3333;  1964. 


i 


logical  Dinitrogen  Fixation  in  ChaparraP 


Irk  Poth^ 


Abstract:      Presently  available   data   indicate    that 
biological   dinitrogen  fixation   is   responsible    for 
the  greatest   proportion  of   nitrogen  entering   chap- 
arral  ecosystems.      Dinitrogen   fixation  by   the 
Rhizobium-legume   symbioses   is   relatively  unimpor- 
tant   in   chaparral    when  compared    to   the   possible 
substantial    fixation  by  free-living   soil   bacteria 
and    the   Frankia-woody  shrub    (Ceanothus)    symbioses. 
At   present,    estimates  of    these   processes   are 
scant.      Site  degradation   is   possible    if  management 
practices  adversely  affect   biological   dinitrogen 
fixation. 


Nitrogen   is   lost   from  Mediterranean-type   eco— 
terns   through  many  mechanisms.      These    include 
e-induced   volatilization,   sediment   and   erosion- 
losses    (DeBano  and   Conrad    1978),    nitrate-nitro- 
ii  lost   in   runoff   and    leaching  waters    (Riggan  and 
tez   1981,    Vitousek  and  Melillo    1979),    and   deni- 
ffication.      Some   of    these   processes  have  been 
:>died  extensively.      For  example,   more   is    known 
Ithe  magnitude   of    fire  volatilization   losses   and 
ti  effects   of   variables    such  as    fire   intensity 
I   time   of    year   in  which   the   burn  occurs    (DeBano 
i  Conrad    1978,    Christensen  and  Muller    1975, 
4)68   1971),    than  of   any   other  mechanisms   of 
irogen   loss,    such  as   denitrif ication,    which 
;^iins   unquantified    in   the  Mediterranean  ecosys- 
(5.     Historical   records,    ocean  cores,    and   geo- 
cLcal   evidence   indicate   that   in  southern  Cali- 
ciia  chaparral    these    loss   mechanisms  have   been 
[rating   for  millennia    (Byrne  and   others    1977, 
,{;L   1977).      The   flux  of   nitrogen  out   of    chaparral 
t,5ystems   is   evidently   large   and   ongoing;    yet 
barral,    though   low   in  nitrogen,    is   not   com- 
l:ely  impoverished,   as  might   be   expected, 
irogen   inputs   into   the   system  then  must   be  high 
cigh   to  allow  for   this  degree  of   ecosystem 
elliency.      Consequently,    nitrogen   inputs   are  one 
E;he   important    factors   which  determine   the 
e.liency   of  Mediterranean-type   ecosystems   to 
;*i.ous  management  manipulations. 

Ecosystem   nitrogen    inputs    fall    into    three 
fiiiral   categories.      The    first    is   the    industrial- 
oiercial   synthesis   of   nitrogen   fertilizers   via 
ti  Haber-Bosch   process    (Finneran  and   Czuppon 
)')•      This    process   consumes    large   amounts   of 
Bi'gy,   usually   in   the    form  of    natural    gas  or 
I  tricity,    which   renders    the   widespread   use   of 
s  ilizers   on  Mediterranean-type    ecosystems 
;Ji.omically  unfeasible — both  now  and    in   the 
i  re.      The   second   major   category   is  aerial 
Its,    discussed   elsewhere    in   this    Proceedings. 
»  ly,    there   is   biological   dinitrogen   fixation. 


Presented    at    the    Symposium   on   Dynamics    and 
iigement   of   Mediterranean-type   Ecosystems,    June 
2  6,    1981,    San  Diego,    California. 

Microbiologist,    Pacific    Southwest    Forest    and 
»e   Experiment    Station,    Forest    Service,    U.S. 
-;  rtment    of    Agriculture,    Riverside,    Calif. 


ENZYMOLOGY 

Only  specific   bacteria,    blue-green  algae,    and 
actinomycetes    (all    procaryotic  microorganisms)    are 
able    to   synthesize    the   nitrogenase   enzyme   and    fix 
dinitrogen.      The  active  enzyme  consists   of    two 
protein  subunits:      the   smaller   subunit   is   the    iron 
protein,    the    larger   is   the  molybdenum-iron   pro- 
tein.     The    intact   enzyme   catalyzes   the   reduction 
of   atmospheric   dinitrogen   to   ammonium,    which   can 
then  be   used    in  biosynthetic   pathways    to   produce 
proteins,    nucleic   acids,    and   other   biomolecules   as 
required.      Nitrogenase    is  not  highly  specific   and 
will    reduce   other   substrates,    for   example,    hydro- 
nium   ions    to  dihydrogen.      This   represents   a   net 
energy   loss    if    the   dihydrogen   is    evolved    to   the 
atmosphere.      Azide,   nitrous   oxide,    acetylene,    and 
many  other   substrates  may   be   reduced   by   nitro- 
genase   (Burris    1979).      The   reduction  of   acetylene 
to  ethylene    forms   the   basis   of   the  most    widely 
used    technique   for    the  determination  of   nitro- 
genase  activity    (Hardy  and   others    1971);    the 
reduction    is    quantified    by   standard    gas   chromatog- 
raphy.     The    technique    is    advantageous    in    that    it 
is  very   sensitive   and    fairly  simple    to   use    (Sprent 
1979).      Acetylene   reduction  rates   can   be   used   as 
an   index  of   dinitrogen   fixation   for   relative 
comparisons . 

The   heavy    isotope    of    nitrogen        N   can   also   be 
used    to  measure   dinitrogen   fixation.      This   tech- 
nique  requires  much   more   time,    technical   skill, 
and   access    to  a  mass  spectrometer.      Some   work  has 
been  done  with   the   radioactive    isotope   of   nitrogen 

N,    but    its   use   is   severely  hampered   by  a   short 
(10.5   min)    half-life;    the    laboratory  must    be    very 
close    to   a   cyclotron    producing    the    isotope,    and 
few    laboratories   are   so    situated    (Sprent    1979). 

Several    factors   affect    nitrogenase   activity   and 
biosynthesis.      The   partial    pressure  of   oxygen  must 
be    low.      Oxygen  may   be    low   in   the   environment   or 
may   be    regulated   by   the   synthesizing   organism. 
Oxygen   diffusion    into    the   site    of    nitrogenase 
activity  may   be    restricted   by  specialized    struc- 
tures   such  as   the  heterocysts   of    blue-green   algae, 
or    it   may   be    sequestered    by   specialized    compounds 
such   as    leghemoglobin.      Ammonium   and    nitrate 
levels   must    be    low,    since  mineral    nitrogen    inhib- 
its   nitrogenase   activity.      The   organism   must    have 
a    readily  available   energy  source  since   the   reduc- 
tion   of    dinitrogen    is   a   highly   energy-demanding 
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process  (Gutschick  1978).   Finally,  moisture,  pH, 
and  temperature  conditions  must  be  favorable  for 
the  organism. 


DINITROGEN  FIXATION  BY  LEGUME-RHIZOBIUM  SYMBIOSES 

Legumes  (members  of  the  family  Fabaceae)  form 
symbiotic  associations  with  bacteria  of  the  genus 
Rhizobium.   Root  nodules  are  formed  by  a  complex 
infection  process,  involving  the  production  by 
Rhizobium  of  enzymes  that  degrade  the  plant  cell 
wall  and  of  plant  hormones  (Dart  1977).   The  host 
specificity  of  the  rhizobia  is  used  as  a  major 
taxonomic  criterion  (Vincent  1977).   Once  the 
bacteria  have  infected  the  root  cells,  these 
proliferate  to  form  the  root  nodule.   Many  nodule 
cells  are  filled  with  rhizobia.   Most  of  the 
bacteria  within  the  root  cell  convert  to  the 
bacteroid  form:   enlarged,  pleomorphic  rhizobia 
which  contain  nitrogenase.   Bacteroids  have  not 
been  cultured  on  laboratory  media.   In  this  symbi- 
osis, the  plant  supplies  carbohydrate  energy  to 
the  bacteria  in  the  root  nodules.   The  bacteria 
use  a  portion  of  this  carbohydrate  to  "fix"  atmos- 
pheric dinitrogen  into  forms  which  are  usable  by 
the  plant.   Historically,  this  symbiosis  has  been 
used  to  improve  fertility  through  crop  rotation 
systems  (Delwiche  1978).   Recently,  much  effort 
has  been  spent  to  maximize  dinitrogen  fixation  by 
agronomic  species  as  well  as  to  encourage  the  use 
of  new  and  different  legume  species  as  crops 
(Delwiche  1978,  Hardy  and  others  1971).   The  most 
notable  success  in  improving  dinitrogen  fixation 
of  a  crop  has  been  achieved  with  soybeans.   The 
annual  fixation  by  many  agronomic  legume  species 
is  substantial  (table  1). 


Table  1 — A  comparison  of  dinitrogen  fixation  by 
agronomic  and  chaparral  legumes. 


Acetylene 
reduction  rate 

Plant 

Total 

N  fixed 

2 

kg/ha/yr 

Agronomic  species: 

Glycine  max 

7.3 

103 

Medicago  sativa 

15.1 

54 

to  463 

Pisum  sativum 

17.4 

52 

to  77 

Chaparral  species: 

Lotus  scoparius 

0.17 

9 

to  40 

Lupinus  excubidus 

0.66 

24 

Lupinus  longifolius 

0.25 
0.32 

__ 

Lupinus  polycarpus 

— — 

Expressed  as  micromoles/hr/g  fresh  weight 
nodule . 

2^ 
From  Torrey  (1978). 

^From  Poth  (1980). 

Legumes  are  common  in  chaparral  postfire,  and 
extensive  stands  may  develop  (Poth  1980,  Hanes 


1971).  The  genera  Lotus  and  Lupinus  are  often 
observed.  As  time  progresses,  these  species 
become  increasingly  rare.  Lup inus  arboreus  Simsf 
stands  in  New  Zealand  have  been  shown  to  fix 
between  84  and  107  kg~N/ha/yr  (Sprent  and 
Sylvester  1973,  Gadgil  1971).  Lupines  and  other! 
legumes  in  chaparral  are  routinely  well  nodulatc 
These  nodules  have  the  pink  color  of  leghemoglot 
and  demonstrate  the  ability  to  reduce  acetylene, 
which  is  indicative  of  nodulation  with  an  effec- 
tive strain  of  Rhizobium  (Hardy  and  others  1973, 
Vincent  1970).  In  a  recent  study  summarized  in 
table  1,  four  chaparral  legume  species — Lupinus 
excubidus  Jones  var.  Hallii,  Lupinus  longif oliui 


Abrams,  Lupinus  polycarpus  Greene,  and  Lotus 
scoparius  ssp.  scoparius  Nutt.  in  T.  and  G. — wei 
assayed  for  their  ability  to  fix  nitrogen  under 
greenhouse  conditions  (Poth  1980) . 

The  estimated  total  nitrogen  fixed  by  these 
chaparral  legume  species  is  much  lower  than  that 
of  agronomic  legume  species.  The  reason  may  lie 
in  the  agronomic  species  themselves.  Considerah 
effort  by  agronomists  and  plant  geneticists  has 
gone  into  artificially  selecting  plants  and  rhiz 
bial  strains  for  optimum  dinitrogen  fixation 
(Delwiche  1978,  Gutschick  1978).  Alternatively, 
the  selective  forces  in  the  chaparral  environmer 
are  such  that  a  high  dinitrogen  fixation  rate  is 
not  a  primary  selection  criterion.  Legumes  are 
most  abundant  in  chaparral  immediately  following 
fire,  and  their  numbers  decline  as  the  stand 
matures  (Poth  1980,  Hanes  19  71).  In  the  postfirl 
environment,  soil  mineral  nitrogen  levels  are  at 
their  highest  (Christensen  and  Muller  1975,  DeBa 
and  Conrad  1978).  Nitrogen  does  not  limit  plant 
growth  during  the  first  few  years  following  fire 
(Hellmers  and  others  1955),  and  there  is  apparer 
luxury  consumption  of  this  nutrient  (Rundel  and 
Parsons  1980).  Legumes  using  the  readily  avail- 
able soil  mineral  nitrogen  pool  and  not  expendir 
energy  to  fix  nitrogen  would  be  able  to  put  more 
energy  into  reproduction,  and  hence  be  at  a  sele 
five  advantage.  In  addition,  mineral  nitrogen 
depresses  nitrogen  fixation  activity  (Burris 
1979).  This  would  most  likely  result  in  the 
selection  of  rhizobial  strains  which  would  be 
readily  infective,  easily  forming  nodules,  but 
there  would  be  no  selection  for  dinitrogen  fixa- 
tion. Legumes  are  rare  in  chaparral  stands  duri 
the  period  between  fires.  Rhizobia  must  then 
exist  for  extended  periods  as  free-living  soil 
bacteria.  Selection  then  occurs  for  those  orgar 
isms  best  able  to  survive  as  free-living  soil 
bacteria. 


The  overall  contribution  by  the  prevailing 
legumes  at  a  particular  site  depends  on  water 
availability  (Sprent  1976).   A  dry  year  substan- 
tially reduces  net  nitrogen  fixation.   Soil  tem- 
perature also  affects  net  fixation.   Lower  soil 
temperatures  decrease  nitrogen  fixation.   With  al 
environmental  factors  considered,  chaparral 
legumes  are  able  to  fix  only  a  small  proportion  f 
the  nitrogen  that  is  lost  in  fire,  erosion,  deni 
trification,  runoff,  and  leaching. 


II 
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INITROGEN   FIXATION   BY  ANGIOSPERM-FRANKIA 
mBIOSES 

Symbiotic   associations   are   found   between  soil 
icteria  belonging   to   the   family  Actinomycetes 
[  [rankia  sp.)    and   a   large   and   diverse   group   of 
j^5ody  dicotyledonous   plants    (Torrey    1978).      Some 
H;  the  plants   involved   and    their  distribution  are 
I  jmmarized   in   table    2.      Ceanothus,    a  common   genus 
..iroughout   western  North  America,    forms   symbioses 
I  Lth  Frankia  sp.       In   forests   of    the    Pacific   North- 
lijst,    Ceanothus   velutinus   Dougl.    has  been  shown   to 
;  .X  56  kg-N/ha/yr    (Youngberg  and   Wollum   1976). 
[jimnierow  and   others    (1978)    investigated   dinitrogen 
"'.xation  by  Ceanothus   greggii   var.    perplexans   and 
;if!anothus    tomentosus    in   southern  California   chap- 
.    ral.      First- year   seedlings   of   C^.    tomentosus   were 
lund   to  be    infrequently  and   poorly  nodulated   with 
I  dinitrogen   fixation  capacity.      This   is   most 
kely  due   to    the   elevated    soil   ammonium  and 
)t  trate    levels   after   fire    (Christensen   1973, 
jj.iristensen  and  Muller   1975,    Hellmers   and   others 
atj'55).      Both   ammonium  and   nitrate   are   inhibitors 
s     nodulation  and   dinitrogen   fixation    (Burris 
i;j'79) .      These   elevated    levels   of    available  mineral 

trogen  have   been  shown   to   promote    luxury   con- 
y  mption  of   nitrogen   in  Adenostoma   fasciculatum  H. 
g[jA.   and   Ceanothus    leucodermis  Greene    (Rundel    and 
is  rsons    1980).      A  25-year-old   stand   of  £.    greggii 
J  s  shown  to    fix  but    0.1   kg-N/ha/yr,   an  amount 
j,mparable   to   the    leaching    loss    (Kummerow  and 

hers    1978).      This    low   level   may   be    caused   by   the 
i[j,neral    loss    of   vigor    in  these   older   plants. 

at: 

jjj  Excavations   of   Ceanothus   crassifolius   Torr. 
[,t|edlings  have   been  made   every    year   since    1976    in 
jj.e  area  burned   by  a  November    1975  wildfire.      In 
.j|,j76,    1977,    and    1978,    few  nodulated    plants    were 
,j  und .      Those   plants    that  were   nodulated    typically 
^[Id  but   one  nodule,    and    these   were   very   small,    in 
iij|l  cases   being    less    than  0.5  g   fresh   weight. 
,jj',ls  situation   changed   dramatically    in  spring 
j[jj79.      Excavations   at    that   time   revealed    that 
J  |arly  all   seedlings   were  nodulated.      The   plants 
i   from   two    to    five   nodule   clusters   each.      The 
esh  weight   of   each   cluster   was    in   the    2   to   5   g 
nge;    the   largest   nodules  approaching    10  g   fresh 
J    ight.      Field   acetylene    reduction   assays    showed 
jj.i.ase  nodules    to   be    actively   fixing   dinitrogen. 

uril) 

The    point   at    which    dinitrogen   fixation   drops    to 

■  1  kg-N/ha/yr   observed    by   Kummerow   and    others 
„jji.978)    is  crucial    to  any   overall   estimates    of 

iltrogen   fixation  by   Ceanothus    spp.    in   chaj)- 
ral.      At    present,    this    remains    to    be    investi- 
'sd .      Ceanothus    fixation  may    prove    to   be    sub- 
intlal.      An   estimation   of    the   magnitude    of 
^nothus    fixation    in    chaparral    can   be    gained    from 
.Ji  data   of    Zlnke    (1969)    (table    3).      These    data 
jj^.iicate  a  net    fixation  of    49   kg-N/ha/vr    for 

■  J  >imeter-grown  C^.    crassifolius   over  a    13-year 

I,  jirlod .     As   is  characteristic   of   plants    that    form 

■.rogen-f Ixing   symbioses,    the    tissue    levels   of 
[onB-fogen    in  £.    crassifolius    are   high.      This    Is 
ijjlf^^'^ted    in    the    larger    amounts    of    nitrogen 

liuestered    in    the    stems   and    leaves   of    C.    crass  i- 
■T-us    than    in    the    leaves   and    stei.is    of    other 


Table  2 — Plants  that  form  root  nodules  following 
actinomycete  infection,  with  their  relationships 
and   distribution   (From   Torrey    1978). 


Species 

nodulated/ 

Genus 

total 

Geographical 

Ecological 

(family) 

species 
in  genus 

distribution 

sites 

Alnus 
(Betulaceae) 


33/35 


Europe,  Siberia, 
N.  America, 
Japan,  Andes 


Casuarina   24/45 
(Casuar Inaceae) 


Ceanothus    31/55 


(Rhamnaceae) 


Cercocarpus  4/20 
(Rosaceae) 


Col  let  la 
(Rhamnaceae) 


1/17 


Comptonia     1/1 
(Myr icaceae) 


Corlaria 


13/15 


(Corlarlaceae) 


Discaria 
(Rhamnaceae) 


2/10 


Dryas        3/4 
(Rosaceae) 


Australia, 
tropical  Asia, 
Pacific  Islands, 
widely  intro- 
duced elsewhere 

N.  America, 
especially 
western  U.S. 

Western  U.S. 
and  Mexico 

S.  America  (cf. 
Bond  1976) 

N.  America 


Mediterranean 
to  Japan,  New 
Zealand,  Chile 
to  Mexico 


Andes,  Brazil, 
New  Zealand, 
Australia 

Alaska,  Canada, 
circumpolar 


Elaeagnus    16/45   Asia,  Europe, 
(Elaeagnaceae)      N.  America 


Poor  soils, 
sand  hills/ 
dunes,  glacial 
till,  wet  bogs, 
mine  dumps, 
gravel ,  waste- 
land ,  volcanic 
ash 

Sand  dunes, 
salt  marshes, 
tropical  for- 
ests, desert 
areas 

Dry  forest 
and  chap- 
arral, sub- 
alpine  zones 

High  altitudes 
poor  soils 


Disturbed 
sandy  or  grav- 
elly areas 

Lowlands  and 
subalplne, 
sandy  or  grav- 
elly soils  or 
clay 

Gravelly  soils, 
arid  zones 


Postglacial 
areas,  sandv, 
gravelly  soils 

Disturbed 
areas,  sand 
dunes,  poor 
soils 


Hlppophae     1/3 
(Elaeagnaceae) 

Myr  Lca      26/35 
(Myricaceae) 


Asia,  Europe,     Sand  dunes, 
from  Himalayas   coastal  areas 
to  Arctic  Circle 


Purshla 
(Rosaceae) 


2/2 


Many  tropical , 
subtropical , 
and  temperate 
regions,  extend- 
ing to  Arctic 
Circle 

Western  N. 
America 


Acidic  bogs, 
sand  dunes, 
mine  wastes 


Dry  sandy 
soils,  as 
understory 
plant  in  Pinus 
forest 
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species  (table  3).   Should  fixation  occur  in 
natural  stands  at  a  rate  of  49  kg-N/ha/yr,  fire 
losses  would  be  alleviated  by  Ceanothus  fixation 
gains. 


DINITROGEN  FIXATION  BY  FREE-LIVING  MICROORGANISMS 

Bacteria  and  blue-green  algae  (Cyanobacteria) 
are  able  to  fix  dinitrogen.   For  fixation  by  these 
organisms  to  occur,  the  following  conditions  must 
be  met:   there  must  be  a  sufficient  supply  of 
available  carbohydrate,  or  light  to  produce  carbo- 
hydrate as  the  case  of  Cyanobacteria;  levels  of 
ammonium  and  nitrate  must  be  low;  oxygen  must  be 
at  low  partial  pressures;  and  moisture,  tempera- 
ture, and  pH  must  fall  within  acceptable  ranges 
(Mulder  1979,  Granhall  1979,  Gutschick  1978, 
Peters  1978).   These  conditions  might  be  met  in 
chaparral  with  the  first  rains  of  the  winter. 
Carbon  availability  would  be  at  its  peak  after  the 
spring  and  summer  litter  fall.   The  water  of  the 
first  rains  would  immediately  stimulate  rapid 
growth  of  the  soil  microflora  (Winn  1977).   With 
this  growth,  much  of  the  available  ammonium  and 
nitrate  would  be  immobilized.   Oxygen  tension 
would  become  reduced  as  a  result  of  rapid  respira- 
tion.  These  factors  could  combine  to  promote 
transient  free-living  dinitrogen  fixation  in 
chaparral.   This  is  one  possible  explanation  for 
the  nitrogen  gains  in  lysimeter  studies  with 
Quercus  dumosa  Nutt.  and  Eriogonum  fasciculatum 
Benth.  (Zinke  1969)  (table  3).   The  nitrogen 
accumulations  seen  in  chaparral  soils  under  E. 
fasciculatum  and  Q^.  dumosa  support  the  hypothesis 
that  free-living  soil  bacteria  fix  substantial 


amounts  of  dinitrogen  in  chaparral.   Zinke 's  da 
indicate  free-living  bacterial  dinitrogen  fixat]^ 
rates  of  38  kg-N/ha/yr  in  soil  under  Q.   dumosa, 
and  32  kg-N/ha/yr  in  soil  under  E.  fasciculatum 


CONCLUSION 

Nitrogen  is  one  of  many  factors  which  will 
determine  the  resiliency  of  chaparral  to  variou 
management  practices.   Nitrogen  management  must 
considered  in  prescribed  burning  plans.   Should 
ecosystem  nitrogen  levels  be  allowed  to  drop, 
water  quality  (Riggan  and  and  Lopez  1981),  ero- 
sion, and  browse  quality  could  all  be  adversely 
affected.   If  nitrogen  inputs  can  be  managed  in 
such  a  fashion  that  they  equal  or  exceed  losses 
then  the  ecosystem  should  be  highly  resilient, 
allowing  land  managers  greater  flexibility  in 
proposed  management  programs. 

The  data  I  have  presented  seem  to  support  thi 
following  hypotheses  concerning  dinitrogen  fixa^ 
tion  in  chaparral: 


1.  Symbiotic  dinitrogen  fixation  by  chaparri 
legumes  is  insignificant  in  relation  to  ecosysti 
losses,  because  chaparral  legumes  are  inherentl|f 
poor  dinitrogen  fixers  and  their  presence  is  shrt 
lived.   (Lotus  scoparius  may  be  an  exception  siilie 
it  is  present  for  up  to  10  years.) 

2.  Nodulation  and  dinitrogen  fixation  by 
Ceanothus  spp.  in  the  first  few  years  following 
fire  is  repressed  to  very  low  levels  by  elevated 
soil  mineral  nitrogen.   Once  soil  mineral  nitroj  i 


Table  3 — Nitrogen  balance  of  chaparral  stands  in  San  Dimas  lysimeters 
after  13  years  (From  Zinke  1969). 


Part  of 
system 


Nitrogen  balance,  by  cover  type 


Original 
soil 


Barren 


Adenostoma 
fasciculatum 


Eriogonum 
fasciculatum 


Quercus 
dumosa 


Ceanothus 


crassifolii 


Vegetation: 
Leaves 
Stems 

Total 


2.4 
2.8 


Grams-N/m 

1.6 
9.0 


2(1) 


1.9 

4.2 


11.5 
18.1 


0 


5.2 


10.6 


6.1 


29.6 


Leaf    litter 

Mineral   soil 
to    122   cm 

Total 


0 
318.0 


283.8 


3.2 


278.5 


30.0 


318.8 


17.9 


343.6 


32.4 
320.1 


318.0 


283.8 


286.9 


359.4 


367.6 


382.1 


Change   from 
original 
condition 


-34.2 


-31.1 


+41.4 


+49.6 


+64.1 


To  convert  to  kg/ha,  multiply  by  10;  to  lb/acre,  multiply  by  11.2. 
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evels  have   dropped,   symbiotic   dinitrogen  fixation 
y  Ceanothus   is   substantial. 

3.      Dinitrogen   fixation  by  free-living   soil    and 
itter  bacteria  associated   with   scrub   oak    (Quercus 
umosa)   and   California  buckwheat    (Eriogonum 
asciculatum)    is    substantial. 
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Productivity  and  Nutrient  Cycling  in  the  Early 
t'ostburn  Chaparral  Species /.o^i/s  scoparius^ 


rikTallak  Nilsen- 


Nutrient  circulation  through  the  biomass 
f  Southern  California  chaparral  is  most  heavily 
ifluenced  by  frequent  fires.   The  fire  cycle  of 
n-  to  40-year  interval  (Byrne  et  al . ,  1977) 
ignificantly  disrupts  the  chaparral  nutrient 
irculation  (Cray  &  Schlesinger,  1981).   Consid- 
rable  quantities  of  nutrients,  particularly 
arbon  and  nitrogen, are  lost  through  volatili- 
ation  and  smoke  during  these  frequent  fires 
")eBano  and  Conrad,  1978).   The  remaining 
itrients  are  deposited  on  the  soil  surface 
;  ash.   These  post-burn  nutrients  are  in 
Mllable  forms  subject  to  export  from  the 
immunity  by  leaching  or  by  erosion  (Christensen 
id  Muller,  1975;  DeBano  and  Conrad,  1978). 

The  nitrogen  cycle  is  critical  to  the 
!velopment  of  chaparral  stands  because 
laparral  soils  tend  to  be  poor  in  available 
.trogen ,  and  productivity  of  mature  stands 
ly  be  nitrogen-limited  (Hellmers  et  al . ,  1955). 
laparral  stands  receive  only  limited  inputs 
nitrogen  from  atmospheric  sources  (1.0  kg 


-r 


yr 


Schlesinger  and  Hasey,  1^80)  and 

trogen  fixation  (0.1  kg  ha~   yr~  ,  Kummerow 

al.,  lf»78).   During  a  fire  over  100  Kg  ha~^ 

I  nitrogen  can  be  lost  by  volatilization  and 

I  —  1 

j.  additional  15  Kg  ha    of  nitrogen  can  be 

St  by  erosion  in  the  first  year  following 

fire  in  a  chaparral  community  with  a  biomass 

3000  g/m^    (OeRano  and  Conrad,  1^178).   The 
trogen  remaining  on  the  site  after  volatili- 
tion  is  only  a  small  portion  of  the  nitrogen 

a  mature  chaparral  stand.   Even  though  the 
tal  soil  pool  of  nitrogen  is  large  in  chaparral 
gions,  the  concentrations  of  available  soil 
trients  below  the  surface  ash  are  character- 
tically  low.   Since  inputs  of  nitrogen  into 


Abstract:   The  frequent  fires  in  southern 
California  have  a  pronounced  influence  on  many 
aspects  of  chaparral  shrub  communities, 
particularly  nutrient  relationships.   Nutrient 
accumulation,  and  productivity  were  studied 
for  the  post  fire  species  Lotus  scoparlus.   This 
stand  of  Lotus  scoparlus  was  approaching  maximum 
biomass  yet  there  was  significant  net  production 
and  a  large  transfer  of  nutrients  to  the  detrital 
compartment.   These  productivity  and  nutrient 
relationships  suggest  that  early  post-burn 
dominance  by  fast-growing  deciduous  perennials 
may  be  important  for  nutrient  conservation 
following  fire. 


chaparral  stands  after  a  fire  are  small,  the 
limitation  of  nitrogen  export  following  a  fire 
can  be  critical  for  later  community 
development . 

Deerweed  was  chosen  for  this  investigation 
because  of  its  ubiquitous  distribution  in  southern 
California  burn  sites  and  because  this  species 
often  dominates  young  post-burn  chaparral  regions. 
This  investigation  examined  productivity  and 
nutrient  accumulation  by  deerweed  in  a  four-year 
old  post-burn  site.   The  seasonality  of  produc- 
tivity, phenology,  and  nutrient  accumulation 
was  evaluated,  and  a  yearly  nutrient  budget 
was  compiled  for  Lotus  scoparlus.   These 
Investigations  were  conducted  to  evaluate  deer- 
weed  as  a  nutrient  conserving  agent  in  chaparral 
following  fire.   The  nitrogen  cycle  in  particular 
was  Investigated  because  of  its  critical  influ- 
ence on  later  community  development. 

SITE  DESCRIPTION 

A  four- year-old  post-burn  site  was  chosen 
for  this  investigation  in  the  Santa  Ynez  Mountains 
10  km  north  of  the  Pacific  Ocean  near  Santa 
Barbara,  California.   This  was  a  southeast- facing 
slope  of  15°  at  800  m  elevation.   The  soil  texture 
was  a  sandy  loam  (65%  sand,  25%  silt  and  10% 
clay)  of  sandstone  parent  material.   Kjeldahl 
nitrogen  content  of  the  upper  10  cm  was  1.6%, 
nitrate  and  ammonium  ion  concentrations  were  less 
than  1  ug-g    <lry  weight,  and  organic  matter  wa 
8%  by  loss-on-lgnitlon.   Before  the  most  recent 
fire  in  197A  the  site  was  dominated  by  Adenostoma 
f aslculatum  (chamlse).   During  this  1979  Inves- 
tigation, Lotus  scoparlus  accounted  for  A0% 
cover  and  22  other  shrub  species  accounted  for 
45%  cover.   Annuals  were  of  very  low  importance. 


Presented  at  the  Symposium  on  Dynamics  and 
nagement  of  Mediterranean-Type  Ecosystems, 
ne  22-June  26,  1981,  San  Diego,  California. 
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METHODS  AND  MATERIALS 

Climatic  measurements  were  made  at  910  m 
elevation  on  a  south  slope  3  km  east  of  the 
research  site.   Temperature  and  relative  humidity 
were  recorded  with  a  hygrothermograph  (Weather- 
measure  Model  H31 1 )  and  rainfall  was  measured 
with  a  standard  8-inch  raingauge.   Photoperiod 


1.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
leriment  Station,  Forest  Service.  U.S.  Department  of  Agriculture;  1982. 
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was  calculated  as  the  numher  of  hours  with_an 
irradiance  greater  than  100  yE  •  m   •  sec 

A  0.5-ha  plot  was  chosen  in  the  center  of 
the  burn  site  and  divided  into  5  x  5  m  quadrats. 
Three  of  these  quadrats  were  randomly  chosen  to 
be  used  as  permanent  quadrats  for  phenology 
measurements.   Within  these  permanent  quadrats 
two  to  four  canopy  branches  on  each  Lotus 
scoparius  plant  were  labeled  for  phenological 
measurements.   This  resulted  in  125  monitored 
canopy  branches.   Measurements  of  plant  growth 
characteristics  were  made  every  two  weeks  from 
January  1979  to  August  1979.   Relative  plant 
water  relations  were  measured  by  determining 
predawn  xylem  pressure  potential  of  Lotus 
scoparius  at  2-week  intervals  on  25  canopy 
branches  collected  in  the  immediate  proximity 
of  the  permanent  quadrats. 

Standing  biomass  and  productivity  were 
measured  with  a  sequential  harvest  technique. 
Fifteen  randomly  chosen  1  x  1  m  quadrats  were 
harvested  on  five  occasions  from  August  1978 
to  November  1979.   All  the  Lotus  scoparius  plants 
were  collected  at  ground  level  in  each  quadrat 
and  the  harvested  quadrats  were  labeled  to  prevent 
resampling.   F.ach  harvest  was  separated  into  live 
wood,  leaves,  dead  wood,  and  reproductive  tissue, 
dried  at  70°C  in  a  forced  air  oven  for  48  h, 
and  weighed  to  obtain  dry  weight/area.   Produc- 
tivity was  calculated  from  the  increments  in 
standing  live  biomass. 

On  each  phenology  sampling  date,  plant 
material  was  collected  for  tissue  nutrient 
analysis.   Five  canopy  branches  were  collected 
from  10  plants  in  each  permanent  quadrat. 
These  were  oven-dried  at  70°C  for  48  h  and 
ground  in  a  Wiley  Mill.   Phosphorus  was 
determined  by  the  molybdovanadate  reaction  and 
the  cationic  concentrations  were  determined 
by  atomic  absorption  spectrophotometry  (Likens 
and  Bormann,  1970). 

In  addition,  concentrations  of  nitrogenous 
compounds  were  analyzed  in  both  dried  and  fresh 
samples.   Immediately  after  milling,  the  dried 
samples  were  assayed  for  NOo-,  NH,+,  and  total 
(Kjeldahl)  nitrogen.   Nitrate  was  determined  by 
the  "knovm  addition"  technique  (Orion,  1^77) 
using  a  nitrate-specific  ion  electrode  (Orion 
Model  '^3-07).   Total  free  and  exchangeable 
ammonium  ion  was  measured  with  an  Orion  ammonia 
electrode  (Model  ^5-10).   Kjeldahl  nitrogen 
(total  nitrogen  less  NO^-)  was  extracted  with 
a  micro-K jeldahl  technique  (McKenzie  and 
Wallace,  1954).   The  concentration  of  nitrogen 
in  the  digest  was  measured  with  the  Orion 
ammonia-specific  electrode. 

RESULTS 

Climatic  conditions  during  l'^79  were  charac- 
teristic for  this  region  of  southern  California. 
Temperature  gradually  increased  from  a  mean 
minimum  of  4°C  in  January  to  a  mean  maximum 
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of  29°C  in  July  (Figure  1).   Along  with  the 
increase  in  temperature,  vapor  pressure  deficit 
also  increased  to  a  maximum  in  July  of  2.90  KPa. 
Rainfall  began  in  December  and  continued  through 
March  resulting  in  a  total  of  37  cm.   No  precip- 
itation occurred  after  March.   The  pre-dawn 
xylem  pressure  potential  (a  relative  indication 
of  water  availability)  increased  to  its  least 
negative  value  in  March  indicating  high  moisture 
availability.   After  the  precipitation  stopped 
and  the  vapor  pressure  deficit  began  to  increase 
plant  pre-dawn  xylem  pressure  potential  slowly 
decreased  to  the  lowest  value  in  August.   These 
climatic  data  indicate  low  physiological  stress 
from  January  to  May  and  high  physiological  stres 
from  June  through  August. 


t( 


Figure  1.   Climatic  conditions  for  an  elevation 
of  910  m  in  the  Santa  Ynez  Mountains  of  southern 
California.   Pre-dawn  xylem  pressure  potentials 
are  for  a  4-year-old  stand  of  Lotus  scoparius 
subject  to  the  represented  climatic  conditions. 


n 


One  of  the  primary  environmental  cues  for 
growth  in  deerweed  is  water  stress  (Nilsen  and 
Muller,  1980a)  as  is  shovm  by  the  phenology 
results  (Figure  2).   The  number  of  leaves  per 
branch  is  a  general  indication  of  the  plants 
ability  to  capture  carbon  for  biomass  production 
in  the  absence  of  limiting  environmental  factors 
The  leaf  number  per  branch  increased  to  maximal 
values  from  May  through  June  during  the  warmest 
period  of  the  year  (Figure  2). 


Indexes  of  relative  plant  activity  can  be 
found  through  measurements  of  the  rates  of  certa: 
plant  growth  characteristics.   The  rate  of  leaf 
production  indicates  maximal  plant  activity  in 
late  February  and  May.   The  high  leaf  production 
rate  in  February  is  due  to  bud  burst  of  many  sma] 
leaves.  Therefore  maximum  leaf  production  occurr*  St 
during  May.   Similarly  maximal  shoot  elongation 
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at 


ccurred  during  May  and  early  June  as  well 
s  maximal  flower  production.   These  relative 
adicators  of  plant  activity  point  to  May 
hrough  June  as  the  period  of  greatest  plant 
rowth.   Leaf  abscission  occurred  very 
ynchronously  during  late  June  and  early  July 
len  the  dawn  xylem  pressure  potential  reached 
2.0  mPa.   Previous  experiments  with  deerweed 
lenology  indicated  that  -2.0  mPa  is  a  critical 
redawn  xylem  pressure  potential  for  leaf 
Dscission  (Nilsen  and  Muller,  1980b).   All  the 
lenology  indices  indicate  a  precipitous  decrease 
1  plant  activity  functions  incident  with  hot 
id  dry  climatic  conditions. 


100 


50 

- 

R«producrlv« 

1     ,    .^    ,     .•-r-. 

100- 

LMf 

50 

- 

y\ 

^.<^  X,  , 

, 

100 

- 

^^•^ 

• ■• 

E      50 

.• 

-"^ 

o 

- 

S  rem -wood 

200 

Totol  Live  Biomass 

- 

,• 

150 

- 

/\ 

100 

. 

/    ^^ 

•' 

""*"■" • 

50 

• 

J 

FMAMJJAS 
1979 

0    N     D 

jure  2.   Phenological  characteristics  for  a 
F'ulation  of  Lotus  scoparius  in  the  Santa  Ynez 
iintains  of  Southern  California,  1979. 


Figure  3.   Seasonal  changes  in  biomass  components 
for  a  stand  of  Lotus  scoparius  in  the  Santa  Ynez 
mountains  of  southern  California,  1979. 

was  only  one  third  that  of  stems  and  leaves. 
Detrital  production  (biomass  of  each  component 
entering  the  litter  layer)  was  a  large  portion 
of  net  production.   All  the  leaf  and  reproductive 
biomass  entered  the  litter  layer  in  July  and 
28.5  g/m   of  stem  wood  died  and  entered  the 
standing  dead  wood  or  the  litter  layer  between 
July  and  October.   This  resulted  in  a  small  true 
increment  of  biomass  equal  to  only  16.5%  of  net 
production  (%  retention  in  Table  1).   The  high 
productivity  in  relation  to  biomass  results  in  a 
low  biomass  accumulation  ratio.   Indicating  that 
the  total  biomass  of  this  four-year-old  (close 
to  steady  state)  stand  of  deerweed  can  be  turned 
over  into  the  litter  layer  every  1.57  years. 


Table  1.   Net  production  characteristics  of  a  4-year-old  post-burn  Lotu^ 
scoparius  population 


The  seasonal  progression  of  biomass 
ciponents  (Figure  3)  indicate  a  slow  increase 
1  biomass  during  the  beginning  of  the  growing 
8  son  (January-March)  followed  by  a  sudden 
j  :p  in  deerweed  biomass  in  May  through  June. 
T  rapid  increase  in  total  biomass  during  May 
w  due  to  the  rapid  increase  in  leaf  biomass. 
W  dy  biomass  increased  at  a  constant  rate  from 
J' uary  through  May.   Following  the  dry  season 
f  n   July  through  October  total  biomass  decreased 
ti  a  value  similar  to  the  initial  November 
b:raass.   The  reduction  in  total  biomass  during 
tl  dry  season  is  due  to  leaf  fall  and  die  back 
9:  the  woody  compartment.   These  data  indicate 
tit  this  4-year  old  stand  of  deerweed  is  close 
tea  steady  state  biomass  condition  where  net 
PHuction  is  similar  to  litter  fall. 


Primary  production  of  deerweed  at  this 
riearch  site  was  characterized  by  similar 
"linitudes  of  stem-wood  and  leaf  production 
'hie  1).   Production  of  reproductive  tissues 


Characteristic 

Stem 

Leaf 

Fruit 

Total 

Max.    Bloraass   (g/m    ) 

105.5 

42.1 

16.7 

164.4 

Net   Primary 

Productlon(g/m   /yr) 

45.7 

42.1 

16.7 

104.5 

netrltal   Production 

(g/m^/yr) 

28.5 

42.1 

16.7 

R7.3 

True    Increment 

(g/m^/yr) 

17.2 

0.0 

0.0 

17.2 

7.  Retention 

(g/mVyr) 

37.6 

0.0 

0.0 

16.5 

Biomass   accumulation 

ratio   (years) 

2.31 

- 

- 

1.57 

Bionass  accumulation  Ratio 


maximum  biomass 


Z  Retention 


net  primary  production 
True  increment 


net  primary  production 
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Yearly  seasonal  nutrient  concentrations  are 
shown  in  Figure  4  on  a  leaf  area  basis.   The 
specific  leaf  weight  increased  dramatically  from 
May  through  June  when  the  vapor  pressure  deficit 
was  highest  and  the  plants  were  enduring  greater 
water  stress.   The  increase  in  specific  leaf 
weight  had  significant  influences  on  all  nutrient 
concentrations.   In  particular  Ca ,  Mg ,  and  K 
increased  greatly  during  this  specific  leaf 
weight  increase.   Nitrogen  and  phosphorus  were 
the  only  measured  nutrients  which  decreased  in 
concentration  during  January  through  April.   This 
decrease  in  N  and  P  indicates  that  these  nutrients 
were  being  diluted  in  the  biomass,  therefore, 
accumulation  of  N  and  P  from  root  and  soil 
resources  may  be  limited  later  in  the  growing 
season. 
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Figure  4.   Seasonal  concentrations  of  major 
nutrients  in  leaves  of  Lotus  scoparius  during 
1979. 


Stem  nutrient  concentrations  show  only  small 
gradual  seasonal  nutrient  changes.   For  this 
reason  average  nutrient  concentration  for  stems 
and  reproductive  tissues  are  represented  along 
with  average  leaf,  deadwood ,  and  abscissed  leaf 
nutrient  concentrations  (Table  2).   Only  winter 
concentrations  of  N  in  stems  were  significantly 
higher  than  summer  concentrations.   Also,  nutrient 
content  of  deadwood  was  insignificantly  different 
from  summer  stem  nutrient  concentrations. 
Abscissed  leaf  concentrations  of  N,  P,  and  K  are 
significantly  lower  than  the  average  leaf  content 
on  the  plant,  while  calcium  concentration  is 
higher  in  abscissed  leaves.   This  indicates  that 
significant  reabsorption  of  N,  P,  and  K  may 
occur  from  pools  of  these  nutrients  allocated 
to  leaves  before  leaf  abscission. 

Nitrogen  components  were  investigated 
separately  because  nitrogen  may  be  an  important 
limiting  factor  in  chaparral  vegetation  (Figure 
5).   Total  protein  decreased  throughout  the 
growing  season  in  accordance  with  total  nitrogen. 
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Table   2.      Average   nutrient   concentrations    In  above-g 

round  biomass   component 

for   Lotus   scoparius 

Component 

Ca 

K 
%  oven-dry 

Mg 
weight 

N 

P 

Leaves 

1.12 

2.16 

0.34 

2.1 

0.30 

(0.17) 

(0.15) 

(0.05) 

(0.54) 

(0.06) 

Abscised    Leaves 

1.53 

1.30 

0.46 

1.0 

0.07 

(0.28) 

(0.07) 

(O.K) 

(0.05) 

(0.1) 

Stem    (summer) 

0.38 

0.75 

0.12 

0.85 

0.09 

(0.02) 

(0.05) 

(O.ni) 

(0.11) 

(0.01) 

stem    (winter) 

0.48 

0.88 

0.14 

1.42 

0.09 

(0.04) 

(0.10) 

(0.01) 

(0.24) 

(0.01) 

Dead  wood 

0.40 

0.0 

0.10 

0.88 

0.09 

(0.02) 

(0.05) 

(0.01) 

(0.10) 

(0.01) 

Flowers   and  Fruits 

0.63 

1.74 

0.26 

0.76 

0.24 

(0.20) 

(0.2P) 

(0.06) 

(0.25) 

(0.06) 

(        )   =  2    standard 

errors. 

Ammonium  ion  content  remained  unchanged  until  th 
leaf  specific  weight  increased.   The  seasonal 
cycle  of  nitrate  ion  concentration  contrasted 
with  that  of  the  other  components.   During  the 
end  of  the  growing  season  nitrate  increased  in 
concentration  more  than  the  increase  in  specific 
leaf  weight.   Nitrate  concentration  in  abscissed 
leaves  was  higher  than  leaves  in  July  even  thoug 
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Figure  5.   Seasonal  concentrations  of  nitrogeno 
compounds  in  leaves  of  Lotus  scoparius  during 
1970. 


he  specific  leaf  weight  of  abscissed  leaves  was 
ower  than  that  of  the  leaves  on  the  plant  in 
uly. 

The  ability  of  Lotus  scoparius  to  accumulate 
atrients  in  above-ground  biomass  and  litter  is 
■1  important  part  of  this  investigation.   Table 
represents  the  combination  of  net  primary 
roductivity  and  tissue  nutrient  concentration; 
lelding  nutrient  accumulation  characteristics 
)r  this  stand  of  Lotus  scoparius .   Accumulation 
:  nutrients  by  this  stand  are  lower  than 
;cumulation  rates  of  local  chaparral  and  coastal 
ige  communities  (Gray  and  Schlesinger,  1981a; 
■.hlesinger  and  Gill,  1980)  but  they  are  higher 
lan  a  stand  of  chamise  chaparral  (Mooney  and 
mdel  1979)  which  had  a  far  greater  biomass. 
16  true  increment  of  nutrients  for  Lotus 
loparius  at  this  site  was  low  in  all  cases  and 
le  detrital  production  of  nutrients  was  a  large 
irt  of  the  total  accumulation.   Only  P,  N,  and 
had  a  percent  retention  in  standing  biomass 
ose  to  50%  of  the  yearly  accumulation.   The 
ss  mobile  Ca  and  Mg  had  very  low  retention 
the  standing  live  biomass. 

I 

I    Nitrogen  and  phosphorus  are  thought  to  be 
itical  limiting  factors  for  chaparral  develop- 
int  (Hellmers  et  al . ,  1955)  and  large  amounts 
'.  these  nutrients  are  lost  from  chaparral 
Hewing  fire  (DeRano  and  Gonrad  1978). 
'erefore,  a  nitrogen  and  phosphoros  budget  has 
'en  composed  for  this  stand  of  deerweed  (Figure 
I.   Flux  rates  (transfers  between  compartments) 
ir  N  and  P  were  large  in  comparison  to  the  pool 
ize  of  each  compartment.   For  example  the  N 
Jcumulation  ratio  in  above-ground  parts  (biomass 
Ipool/N  accumulation)  was  1.78  years  indicating 
tit  the  above  ground  tl-pool  is  replaced  rapidly, 
/so,  0.65gm   of  nitrogen  was  introduced  as 
1-ter  into  the  chaparral  system  and  41%  of  the 
J:umulated  nitrogen  was  transferred  into  the 
i)ts  at  the  end  of  the  growing  season.   This 
rirogen  and  phosphorous  budget  then  indicates 


B -e  3.  Net  production,  naximum  pool  size,  true  increment,  and  total 
ft'ital  production  for  dry  weight  and  nutrients  In  a  4-year-old  stand 
B^otus   scoparius. 


N  and  P  Budget  for  Lotus  scoparius  (4  yeor  old  stand)  (g-m'^l 


,"  ients  and 
units 


1'  Weight 

C<g/m^/y) 
K 

N 

P 


Net  primary  production  and 
nutrient  accumulation 


True 
increment 


I   Retentio 


45.7  42.1 
n.lS  0.49 
0.35  n.94 
n.07  0.15 
0.41  0.84 
0.02    0.13 


16.7  104.5 

0.11  0.7R 

0.29  1.58 

0.04  0.25 

n.n  1.38 

0.04  0.19 


17.2 
0.07 
0.13 
0.03 
0.16 
0.08 


87.3 
0.69 
0.86 
0.21 
0.75 
0.09 


16.5 

12 

46 

19 

53 

53 


Precipitation 
N  =  010 


Reobsorption 
N=073 
P-OIO 


: 


ABOVE-GROUI^D 
BIOMASS 
N  P 
Stem  149  010 
Leol  084  013 
ReP'O-  0  13  004 
ductive  


TOTAL  246    027 


Tronster  ond 
Accumulation 
to  ttie  stioots 
N=  138 
P=019 


Figure  6.   Nitrogen  and  Phosphorus  budget  for 
a  stand  of  Lotus  scoparius  in  the  Santa  Ynez 
Mountains  of  southern  California,  1979.  a  = 
data  from  Schlesinger  &  Hasey  1980;  b  =  Root 
biomass  calculated  from  a  lab  derived  Root  to 
Shoot  Ratio;  c  =  data  from  Kummerow  et  al .  1978; 
d  =  assuming  a  litter  residence  time  of  4  yr. 


a  nutrient  cycle  with  short  residence  time  in 
biomass  components  but  considerable  nutrient 
uptake  from  the  environment . 


DISCUSSION 

The  phenology,  productivity,  and  nutrient 
accumulation  data  presented  in  this  investigation 
clearly  indicate  that  maximal  plant  activity 
occurs  during  the  latter  part  of  the  growing 
Season.   Although  the  initial  plant  activity 
of  deerweed  occurs  in  February  most  productivity 
and  nutrient  accumulation  occurs  in  May  through 
June.   Nitrogen  and  phosphorus  are  the  only 
nutrients  which  indicate  an  initial  accumulation 
in  February  through  March  and  a  dilution  in  the 
biomass  during  the  maximum  productivity  period. 
High  productivity  during  the  late  growing  season 
is  closely  associated  with  increasing  temperatures. 
Although  deerweed  has  favorable  water  relations 
characteristics  early  in  the  growing  season  only 
limited  productivity  occurred  during  the  period 
of  low  temperatures.   Temperature  has  previously 
been  found  as  a  factor  speeding  physiological 
functions  in  deerweed  (Nilsen  1980a). 

There  have  been  only  few  investigations  of 
productivity  and  nutrient  accumulation  in  southern 
California  chaparral  (Mooney  and  Rundel  1979, 
Schlesinger  and  Gill  1980,  Cray  &  Schlesinger 
1981).   In  these  studies,  chamise  productivity 


!^2 


yr 


,-1 
1 


Ceanothus 


ranged  from  362  to  67  g 

productivity  was  850  g  •  m  '^  •  yr  ^  with 

considerable  year  to  year  variation,  and  coastal 

sage  productivity  was  255  g  •  m    •  yr 

These  productivity  values  are  greater  than  that 

of  Lotus  scoparius  (105g*m    'yr   )  but 
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Lotus  scQparius  is  a  small  shrub  (biomass  = 
164  g  m   )  in  comparison  to  chaparral  shrubs 
(2,127  g  m~^  Mooney  and  Rundel  to  7,506  g  m 
Gray  and  Schlesinger  1981b)  and  coastal  sage 

scrub  (1,417  g  m~^  Cray  &  Schlesinger  1981). 
Lotus  scoparius  also  has  a  shorter  growing  season 
(3-4  months)  in  comparison  to  chamise  chaparral 
(6-8  months,  Mooney  and  Rundel  1979)  and  coastal 
sage  scrub  (4-6  months.  Gray  ft   Schlesinger  1981). 
Taken  together,  the  productivity,  biomass  and 
growing  season  data  from  this  investigation 
indicate  that  this  early  post-burn  shrub  rapidly 
replaces  its  biomass  with  newly  accumulated 
tissues.   The  low  biomass  accumulation  ratio 
(BAR)  for  this  stand  of  deerweed  (1.57)  in 
comparison  to  other  chaparral  communities  (BAR  = 
3  to  10,  Cray  &  Schlesinger  1981b)  further 
supports  the  rapid  replacement  of  biomass. 

Nutrient  circulation  in  a  community  with 
rapid  biomass  turnover,  such  as  this  4-year  old 
burn  site,  should  also  have  high  nutrient  flux 
rates  from  the  environment  to  the  detrital  layer. 
These  high  flux  rates  in  comparison  to  nutrient 
pool  sizes  were  found  in  Lotus  scoparius  (Figure 
5).   Therefore,  even  though  deerweed  has  a  small 
biomass  in  relation  to  other  chaparral  shrubs 
the  rapid  nutrient  cycling  fluxes  in  stands  of 
Lotus  scoparius  can  accumulate  considerable 
quantities  of  nutrients  from  the  environment  in 
standing  biomass  and  litter.   This  capacity  to 
accumulate  nutrients  following  fire  may  be  parti- 
cularly important  for  nitrogen  and  phosphorous. 
The  ability  of  Lotus  scoparius  to  grow  in  high 
density  after  fire,  the  high  nutrient  uptake  and 
flux  rates,  and  the  potential  N-fixation  ability 
of  deerweed  all  point  to  the  importance  of 
nutrient  accumulation  by  Lotus  scoparius  in 
latter  chaparral  community  develpment.   Lotus 
scoparius  is  particularly  suited  for  rapid 
nutrient  accumulation  because  of  its  deciduous 
phenology  and  high  productivity  in  relation  to 
biomass.   Post-burn  annuals  are  of  lesser 
importance  to  nutrient  accumulation  following 
fire  because  they  only  have  short  term  residence 
following  fire  due  to  germination  requirements. 
Young  evergreen  species  are  also  of  lesser 
importance  because  their  density  is  lower  and 
growth  rates  are  slower  than  that  of  the  deciduous 
perennials  in  early  post  burn  environments. 
Fven  though  the  quantitative  importance  of  Lotus 
scoparius  as  a  nitrogen  source  (by  fixation)  has 
yet  to  be  evaluated,  the  role  of  Lotus  in  the 
conservation  of  mobile  nutrients  may  be  very 
important  to  later  community  development  in 
southern  California  chaparral. 

Many  thanks  are  due  to  Dr.  W.H.  Schlesinger 
for  assistance  with  nutrient  analysis  techniques, 
collection  of  climatic  data,  and  many  helpful 
comments  and  conversations  and  Tit.    P.W.  Rundel 
for  an  early  review.   Thanks  are  also  due  to 
the  Los  Padres  National  Forest  for  the  use  of 
the  research  site.   This  research  was  supported 
by  a  grant  from  the  California  Native  Plant 
Society  and  the  University  of  California,  Santa 
Barbara  Committee  on  Research. 
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srtility  Element  Storage  in  Chaparral 
egetation,  Leaf  Litter,  and  SoiP 


lul  J.  Zinke- 


Abstract :   This  study  was  conducted  on  various 
chaparral  sites  sampled  throughout  California 
in  the  range  of  the  following  species:  chamise, 
Adenostoma  fasiculatum;  scruboak,  Quercus  dumosa ; 
and  Ceanothus  cuneatus,  &  C^.  crassifolius.   Data 
for  elemental  composition,  total  vegetation  and 
leaf  litter  weights,  and  elemental  storage  weights 
for  each  of  these  species  were  determined.   These 
data  are  aggregated  and  presented  as  tables  of 
cumulative  probability  values  for  composition  and 
storage  weight  of  nitrogen,  phosphorus,  calcium, 
magnesium,  potassium,  sodium,  iron,  manganese,  and 
zinc  in  chaparral.   These  tables  can  be  used  by 
the  land  manager  to  give  a  percentile  rank  to  any 
values  for  vegetation  analyses  or  to  assess  prob- 
able values  to  expect  for  fertility  storage  in  the 
soil  or  vegetation  of  chaparral  stands. 


Knowledge  of  the  total  storage  of  material  in 
(aparral  stands  is  of  interest  to  land  managers 
tcause  of  its  utility  in  solving  a  variety  of 
pblems.   The  total  weight  of  the  stand  is 
ilated  to  fuel  content  and  thus  to  relative  fire 
fzard  of  the  stand.   The  elemental  content  of  the 
caparral  vegetation  and  total  site  fertility  are 
cfected  by  brush  removal,  as  for  example,  where 
f-vest  is  planned  for  fuel  utilization.   Chapar- 
rL  species  vary  in  their  elemental  content  and  it 
i  wise  to  favor  species  which  enhance  site  fer- 
t[.ity.   Ashing  vegetation  by  burning  returns  ele- 
irits  to  the  site  in  soluble  form.   These  elements 
3!  subject  to  immediate  use  by  herbaceous  vegeta- 
t)n.   In  addition,  the  elemental  composition  of 
t;  surface  litter  and  soil  relates  to  these  total 
s  e  fertility  problems.   Knowledge  of  these  fac- 
t's may  increase  management  options,  and  offer  a 
me  sound  basis  for  decisions. 


This  paper  reports  results  of  a  study  in  which 
a  have  been  gathered  on  vegetal  and  litter 
ghts  and  elemental  compositions  and  storages 
m  various  chaparral  sites.   These  were  sampled 
oughout  the  range  of  the  following  species  in 
ifornia:  chamise,   Adenostoma  fasiculatum; 
ub  oak,  Quercus  dumosa ;  and  the  Ceanothi, 
nothus  cuneatus  and  C.  crassifolius. 


■The  data  from  the  various  sampling  sites  will 
3<aggregated  into  probability  distributions  for 
Ual  weights  of  constituents,  and  their  elemental 
Jtpositions  and  storages.   This  will  allow  the 
n^iager  to  determine  the  probable  variation  in 
slparral  properties,  as  well  as  to  rank  any  data 
ithand  as  a  site  specific  application  of  the 


LITERATURE 


Chaparral  literature  concerned  with  weights, 
areal  extent,  and  fertility  has  been  mainly  in  the 
context  of  forestry  and  range  management  applica- 
tions.  These  came  about  because  of  the  practical 
necessity  of  conducting  surveys  of  areal  extent, 
assessing  fire  hazards  and  watershed  influences  of 
chaparral  cover;  and  determining  the  relation  of 
chaparral  as  browse  to  range  carrying  capacity  for 
domestic  and  game  animals. 

The  extent  of  chaparral  vegetation  types  was 
assessed  by  Wieslander  (1935)  who  began  an  early 
map  of  the  vegetation  of  California  in  which  the 
chaparral  vegetation  types  were  mapped  over  the 
entire  state.   The  vegetation  survey  has  since 
been  expanded  to  include  relevant  soil  information 
as  part  of  the  California  Soil-Vegetation  survey. 
The  areal  extent  of  chamise  chaparral  is 
3,099, 300ha  (9,866,000  acres).   Various  measures 
have  been  made  of  total  weight  of  chaparral  in 
relation  to  fuel  assessment.   Specht  (1969), 
determined  weights  of  chaparral  and  elemental  con- 
tents at  various  time  intervals  following  fire  on 
the  San  Dimas  Experimental  forest.   Trabaud  (1977) 
published  data  for  litter  and  biomass  for  garrique 
in  France  composed  mainly  of  Quercus  coccifera, 
similar  to  Q.  dumosa  in  California  chaparral. 
Kittredge  (1955)  published  a  thorough  study  of 
litter  weights  and  rates  of  accumulation  under 
various  chaparral  species  on  the  San  Dimas  Experi- 
mental Forest.   The  probability  tables  that  will 
be  presented  in  this  paper  allow  a  percentile 
ranking  of  any  of  these  data  within  the  range  of 
weights,  nutrient  compositions,  and  total  nutrient 
storage  found  in  California  chaparral. 


'resented  at  the  Symposium  on  Dynamics  and 
laigement  of  Mediterranean  -Type  Ecosystems, 
'U!  22-26,  1981,  San  Diego,  Calif. 

2 
issoc.  Prof,  of  Forestry,  University  of 

•a  fornia,  Berkeley. 


METHOD  OF  STUDY 
Site  Selection 


In  this  study,  the  sampling  sites  were  chosen 
to  represent  the  range  of  conditions  over  which 
three  representative  California  chaparral  species; 


*iTech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
*1  iment  Station.  Forest  .Service    II  S    nennrfment  nf  Airrirnltiire:   1982. 
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chamise,  scrub  oak,  and  Ceanothus  grow.   Sampling 
sites  were  selected  over  gradients  of  annual  rain- 
fall, in  mountain  areas  of  similar  geologic  soil 
parent  material  in  San  Diego,  Los  Angeles,  and 
Glenn  Counties.   Other  sites  were  chosen  to 
represent  additional  conditions  of  soil  parent 
material  conditions,  and  annual  rainfall  extremes 
in  Lake,  Mariposa,  Tehama,  and  Shasta  Counties. 

Sample  sites  and  their  characteristics  are 
listed  in  table  1. 

Table  1 —  Sample  site  locations 


Location 

Sped 

es 

Age 

Precip. 

(yr) 

(mm) 

San  Diego  Co. 

nr  San  Marcos 

Af.Qd 

15 

305 

Descanso 

Af.Cc. 

Qd 

20 

635 

Sunrise 

Af.Cc 

Qd 

25 

965 

Scissors  Jet. 

Af.Qd 

50 

229 

Los  Angeles  Co. 

Griffith  Pk. 

Af.Qd 

25 

356 

El  Prieto  Can 

Af.Qd 

25 

635 

Tanbark  Fl . 

Af.Ccr 

•  Qd 

39 

990 

Glenn  Co. 

Elk  Cr. 

Af.Cc 

17 

356 

Sanhedrin  Rd 

Af 

20 

157 

Sanhedrin  Rd 

Af 

20 

889 

Sanhedrin  Rd 

Af 

20 

1520 

Miscellaneous 

Bear  Val.  Mari 

p.  Co. 

Af.Cc 

23 

500 

Kiethly  Rch.  Lake  Co. 

Af.Cc 

Qd 

30 

500 

Pattymocus  Bt 

Tehama  Co. 

Af.Cc 

15 

1520 

Delta  Pt.  Lkt 

Shasta  Co. 

Af 

20 

1650 

Tanbark  Fl .  Lyslmeters 

Af.Ccr. Qd 

20 

990 

Af,  Adenostoma  fasiculatum;  Cc,  Ceanothus 
cuneatus;  Ccr,  Ceanothus  crassifolius;  Qd, 

Quercus  dumosa. 


Vegetation  Sampling 

Dominant  shrubs  of  the  desired  species  were 
selected  for  sampling  at  each  site.   Either  a  sin- 
gle large  shrub,  or  a  rectangular  area  of  2.22m 
(4'  X  6')  was  chosen,  marked  by  stakes,  and  the 
shrubs  cut  at  ground  level.   Wlien  a  single  large 
shrub  was  chosen,  the  crown  projectional  area  was 
used  to  relate  the  subsequent  weight  measurements 
to  an  areal  basis.   Vegetation  weights  and  elemen- 
tal storage  were  calculated  on  a  square  meter 
basis . 

Age  was  determined  at  the  time  of  cutting  the 
shrubs  by  counting  annual  rings.   It  was  recog- 
nized that  this  represented  age  since  sprouting  or 
growth  following  fire. 


Vegetation  Weights 

The  cut  shrubs  were  further  sectioned  into  38 
cm  (one  ft)  height  increments,  and  fresh  field 
weights  obtained  for  each.   These  were  taken  to 
the  laboratory  to  dry  and  separate  oven  dry 
weight;  of  foliage  and  stems  were  obtained  on  each 
sample.   For  some  sites  with  very  large  shrubs  or 
dense  growth,  the  drying  was  done  on  subsamples  of 
known  field  weight.   Moisture  contents  were  deter- 
mined by  oven  drying  at  80°C. 
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Leaf  Litter  and  Soil  Sampling 

Leaf  litter,  and  soil  samples  were  obtained 
directly  beneath  the  center  of  the  canopy  radius 
of  the  shrub.   The  leaf  litter  and  organic 
detritus  was  sampled  from  a  unit  area,  usually  01 
square  meter. 

Soil  samples  were  taken  from  a  pit  dug  to  roc 
bottom;  sampling  at  uniform  depth  intervals  at 
each  site  of  0-2.5  in. (6. 4  cm),  2.5-6  in. (15. 2 
cm),  6-12  in.  (30.4  cm).  12-24  in. (61  cm.),  and  ' 
24-48  in. (121. 9  cm).   The  calculations  of  storag 
of  soil  elemental  composition  were  made  on  the 
basis  of  the  square  meter  area  to  the  depth  of 
rock,  or  to  one  meter  depth  if  no  rock  bottom  wa 
encountered. 


Soil  Preparation 

Soil  samples  of  known  volume  were  obtained  inj 
the  field,  and  bulk  densities  determined.  "^  ampls 
were  oven  dried,  and  the  oven  dry  weight  divided 
by  volume  of  the  sample  was  used  as  a  bulk  densij/ 
figure.   Also;  roots  were  sieved  from  this  knowra 
volume  sample  to  obtain  root  weights  by  volume. 
The  soil  coarse  fraction  greater  than  2  mm  was 
sieved  out,  and  percent  by  weight  calculated.   A 
bulk  sample  of  soil  for  chemical  analysis  was  cc- 
lected  uniformly  through  each  depth  increment. 
These  roots  were  weighed  and  saved  for  subsequen 
chemical  analysis.   Coarse  mineral  fragments 
remaining  were  considered  devoid  of  available  fe- 
tility  element  storage,  and  their  weights  were 
deducted  from  the  calculated  storage  for  the 
square  meter  soil  volume. 


Chemical  Analyses 

Vegetation  and  litter  samples  were  analyzed 
after  grinding  in  a  wiley  mill  through  a  50  mesh 
stainless  steel  sieve.   Nitrogen  was  determined 
this  material  by  microK jeldahl  method.   Perchlor 
acid  digestates  were  used  for  the  remaining  ele 
ments  analysed.   Phosphorus  was  analysed  by 
molybdenum  blue  method,  and  the  remaining  ele- 
ments; calcium,  potassium,  sodium,  iron,  man- 
ganese, and  zinc  were  determined  by  atomic  absor 
tion  spectrometry,  methods  described  by  Johnson 
and   Ulrich  (1959).   Elemental  contents  were  cal 
culated  on  a  weight  percent  basis  for  nitrogen, 
calcium,  potassium,  sodium;  and  weight  per  milli 
basis  for  phosphorus,  iron,  manganese  and  zinc 

Soils  analyses  were  conducted  on  the  fine  ear 
fraction  (less  than  2  mm)  soil  material.   Total 
organic  nitrogen  content  was  determined  by  macrc 
K jeldahl  analyses;  phosphorus  was  determined  in 
water  extract;  exchangeable  cations  were  deter- 
mined in  1  N  ammonium  acetate  extracts  buffered 
pH  7.0;  and  exchange  capacity  was  determined  by 
the  total  ammonium  remaining  on  the  soil  after 
such  extraction  and  rinsing  with  methyl  alcohol 
These  standard  methods  of  soil  analysis  reported 
in  Black  (1965).   Nitrogen  was  calculated  on  a 


•eight  percent  basis,  phosphorus  on  a  weight  per 
allien  basis,  and  exchangeable  cation  data  on  a 
lilliequivalent  per  hundred  grams  basis.   These 
■  ata  are  the  basis  for  the  intensity  factor  of 
oil  storage,  which  when  multiplied  by  the  capa- 
ity  factors  of  bulk  density,  volume  of  the  square 
eter  depth  increment  minus  coarse  fragments, 
etermines  total  soil  fertility  storage. 

These  composition  and  storage  values  were 
rrayed  in  order  of  magnitude  and  fitted  to  the 
umulative  probability  function  described  by 

.eibull  (19'<9)  in  application  to  variation  in 
rganism  properties.   A  modification  developed  by 
alley  and  Dell  (1973)  was  used  in  this  study.   An 

application  to  foliar  analysis  is  described  by 
inke  and  Stangenberger  (1981). 


of  vegetation  per  unit  area  of  horizontally  pro- 
jected land  surface,  with  the  vegetation  subdi- 
vided into  categories  of  foliage,  stems,  and 
roots,  and  surface  litter  and  detritus.   The 
intensity  factor  is  the  weight  fraction  elemental 
composition.   The  total  elemental  storage  in  the 
vegetation  is  the  sum  of  the  products  of  the  capa- 
city and  the  elemental  intensity  factors  for  each 
vegetation  subdivision. 

Similarly,  for  the  soil,  the  intensity  factors 
will  be  the  respective  available  elemental  weight 
fractions  for  each  element  of  concern,  multiplied 
by  capacity  factors  derived  from  bulk  density, 
coarse  fraction  percent,  and  volume  of  each  sam- 
pling depth  increment. 


The  form  of  the  Weibull  cumulative  probability 
istribution  used  in  this  paper  is  as  follows: 


F(x)  =   1 


(1) 


Jiis  function  is  determined  by  factor  A,  which  is 
threshold  value  related  to  the  lowest  value 
btained;  B,  which  is  a  scale  value  related  to  the 
Magnitude  of  the  units  used  in  describing  the 
,  .espective  property  of  the  vegetation,  litter  or 

3il;  and  C,  which  is  a  shape  factor.   C  ranges 
„  ."om  values  of  one  or  lower  for  exponential  dis- 

-ibutions  with  data  peaking  at  low  values  skewed 
r,  oward  high  values,  to  3.25  for  normal  bell  shaped 
istributions  about  a  central  value.   The  flexi- 
Llity  of  the  Weibull  function  allows  the  fitting 
^  diverse  data  with  the  same  computer  program 
;veloped  by  Dr.  Alan  Stangenberger.   The  fitted 
"obability  functions  were  then  used  to  develop 
ibles  of  probable  values  to  be  expected  for  cumu- 
Jtive  percentiles  of  the  field  population  of 
laparral  sites  for  each  property.   These  can  be 
jnsidered  to  be  preliminary  rating  tables  for 
s'  laparral  sites,  their  vegetation  weights,  elemen- 
'il   compositions,  and  total  elemental  storages. 


Th 
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ir  e 
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e  results  will  be  presented  as  capacity  and 
sity  factors  evaluated  for  elemental  storage 
ach  species  at  each  sampling  site.   The  capa- 
factor  for  vegetation  is  the  oven  dry  weight 


RESULTS  and  DISCUSSION 

Foliage  &  Stem  Weights  (table  2) 

The  capacity  factor  (weight  per  unit  area)  for 
the  individual  shrubs  or  stands  were  determined  at 
each  sampling  site  for  foliage,  stems,  leaf 
litter,  and  roots.   These  form  the  storage  capa- 
city for  the  retention  of  elements,  and  are  a 
measure  of  the  fuel  content  of  the  stand. 

Data  on  the  foliage,  stem,  and  foliage  plus 
stem  weights  were  determined  for  each  site.   These 
individual  site  data  were  arrayed  by  the  Weibull 
equation  in  probability  functions,  and  the  data 
tables  are  developed  from  this  function.   The  data 
in  table  2  are  presented  as  equal  to  or  less  than 
values  of  weight  for  each  cumulative  percentile 
class  of  the  population.   This  allows  the  manager 
to  rank  any  data  within  the  range  of  values  in 
these  tables.   Thus  a  determination  of  180  gm/m 
for  chamise  foliage  would  be  in  the  lower  ^%   of 
the  range  of  that  species  according  to  this  table. 
Likewise,  a  value  of  3  kg/m   for  foliage  plus 
stems  of  mixed  chaparral  would  be  in  the  ^0%   class 
of  these  data. 

These  data  indicate  that  foliage  weights  range 
from  a  low  of  0. 15  kg  per  square  meter  to  more 
than  2  kg/m  ,  with  a  50?  value  of  U?'*  gm/m  .   Gen- 
erally, chamise  has  the  least  foliage  weight  and 
Ceanothus  the  most  per  unit  area;  with  scrub  oak 
intermediate. 


Table  2—  Chaparral  foliage  and  stem  weight  cumulative  probabilities  (oven  dry  grans/m  ). 


Componegt 

Fol 

iage 

Stems 

Foliage 

♦  Stems 

Species 

All 

Af 

1   Qd 

1   == 

All   1 

Af   1 

Od 

1  =<= 

All 

1   *f   1 

Od   1 

Cc 

Cumul.  Pet. 

<1 

156 

185 

175 

151 

823 

731 

962 

1556 

1065 

965 

1021 

1636 

5 

178 

192 

186 

163 

1085 

870 

1130 

2052 

1371 

1137 

1303 

2211 

20 

262 

235 

2I1U 

232 

1739 

1312 

1698 

2817 

2132 

1665 

2097 

3212 

40 

391 

322 

365 

382 

2507 

1935 

2525 

3155 

3009 

2382 

3110 

1039 

50 

H714 

383 

14U9 

U90 

2911 

2299 

3013 

37U1 

3172 

2792 

3383 

IUI3 

60 

570 

152 

558 

532 

3366 

2722 

3587 

1030 

3983 

3265 

1306 

1795 

80 

861 

729 

928 

1125 

1576 

39t7 

5267 

1707 

5315 

1610 

6069 

5695 

95 

11420 

1323 

1760 

2268 

6555 

6170 

8365 

5621 

7551 

6997 

9090 

6931 

99 

20H7 

2108 

2826 

3773 

8188 

85'lt 

11700 

6385 

9699 

9199 

12200 

7959 

Sample  n 

32 

16 

8 

8 

32 

16 

8 

8 

32 

16 

8 

8 

'at,   Ade 

lostoma 

faslculatum; 

Qd. 

3uercu3 

dumosa 

Cc, 

Ceanot 

1U3 

cuneatus  and 

C.crassifoll 

us.   (D 

ivide  b 

^  100  fo 

r  metric  tons/ha;  mul 

tl- 

ply  by  .00116  for  tons/acre) 
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stem  weights  are  7  to  8  times  the  foliage 
weights.   Stem  weights  range  from  0.7  to  11.7 
kg/m  ,  with  50%  of  the  population  having  approxi- 
mately 3000  gm/m  or  less.   Stem  weights  are 
highest  for  Ceanothus  at  3.7  kg/m  ,  lowest  for 
chamise  with  2.2  kg/m  . 

Combining  the  foliage  and  stem  weights  accentu- 
ates the  relative  ranking  of  the  species  at  the 
50%  level.   Ceanothus  has  the  greater  weight  at 
4.4  kg/m  ,  and  chamise  is  low  with  2.8  kg/m  . 


Leaf  Litter  Weights  (table  3.) 

Leaf  litter  weights  obtained  in  this  study  were 
also  fitted  to  cumulative  probability  functions. 
The  derived  data  are  presented  in  table  3.   These 
data  indicate  that  litter  weights  can  be  almost  as 
great  as  the  vegetation  weights  in  the  stand. 
Thus  they  will  be  an  important  storage  component 
for  nutrient  elements,  as  well  as  an  important 
fuel  component  of  stands.   Typical  values  for  all 
species  sampled  indicate  50%  of  the  population 
weigh  2.0  kg  or  less  per_square  meter.   This  is  in 
contrast  to  the  3.5  kg/m  for  foliage  and  stems 
recorded  in  the  previous  table. 


Table   3 — Leaf   litter   weight   probabilities 
chaparral  stands  (oven  dry  gms/m  ). 


Cumul.Pct. 

All 

Af 

Qd 

Cc 

<1 

156 

279 

954 

306 

5 

419 

316 

1025 

674 

10 

648 

375 

1119 

956 

20 

1021 

523 

1328 

1377 

30 

1356 

710 

1566 

1728 

40 

1685 

944 

1847 

2058 

50 

2026 

1239 

2179 

2386 

60 

2399 

1621 

2588 

2732 

70 

2830 

2140 

3118 

3120 

80 

3373 

2914 

3869 

3591 

90 

4190 

4322 

5163 

4273 

95 

4913 

5816 

6464 

4855 

99 

6373 

9532 

9508 
13 

5982 

Sample  n 

75 

30 

22 

Af,  Adenostoma  fasiculatum;  Qd ,  Quercus  dumosa; 
Cc,    Ceanothus    cuneatus   and   C .crassifolius. 
(Divide  weights  by  100  for  metric  t/ha;  multiply 
by  .00446  for  tons  per  acre) 


As  with  the  other  probability  tables  in  this 
paper,  the  manager  can  use  table  3  to  rank  litter 
weight  data  at  hand.   For  example,  Kittredge 
(1955)  found  that  the  weight  of  litter  of  Quercus 
dumosa  litter  in  Bell  Canyon  on  the  San  Dimas 
Experimental  forest  to  be  17.7  metric  tons  per 
acre,  or  43.7  metric  tons  per  hectare.   This  value 
would  rate  between  80-90%  on  the  cumulative  proba- 
bility presented  in  table  3.   The  value  of  4.7 
metric  tons  per  acre  for  chamise  chaparral 
obtained  by  Kittredge  for  Fern  Canyon  on  the  same 


forest  was  1160  gm/m  ,  ranking  at  approximately 
the  50%  level  for  chamise  in  table  3. 


Elemental  Composition 

To  determine  total  elemental  storage  on  the 
site,  the  capacity  factor  of  weight  and  the  ele- 
mental composition  as  an  intensity  factor  are 
needed.   In  addition  to  their  use  as  intensity 
factors  elemental  composition  values  may  be  used 
in  rating  the  fertility  of  a  site  by  foliar 
analysis,  and  for  assessing  possible  elemental 
deficiencies.   The  data  obtained  for  elemental 
composition  of  foliage,  stems,  litter,  and  roots 
for  the  various  sampling  sites  and  chaparral 
species  were  also  fitted  to  cumulative  probabili/ 
functions,  and  probability  tables  derived  for   I 
weight  fractions  of  each  element  analysed. 


Foliage  Analyses  (table  4^) 

The  cumulative  probability  percentile  ranking 
of  foliage  analyses  by  order  of  magnitude  for 
chaparral  species  studied  are  presented  in  tablsl. 


^I# 


Nitrogen  contents  of  chamise  foliage  are  gen-j. 
erally  lower  than  for  scrub  oak  or  Ceanothus. 
higher  nitrogen  content  of  the  scrub  oak  foliag^|fti 
in  general  is  a  surprise  because  of  the  demon- 
strated nitrogen  fixation  ability  of  the  CeanotM 
(Delwiche,  et^  £l..  1965).   However,  as  will  be  S(n 
later,  this  added  nitrogen  is  stored  in  stem 
storage  in  the  Ceanothi. 

Phosphorus  ,  iron,  and  zinc  contents  in  con- 
trast to  nitrogen  are  much  higher  at  the  50%  le^l 
in  chamise  than  in  scrub  oak,  and  Ceanothus.  C;- 
cium  contents  in  scrub  oak  foliage  are  lower  th. 
in  either  chamise  or  Ceanothus  foliage.  Magnes  m 
amounts  are  higher  in  Ceanothus  than  in  chamise  r 
scrub  oak. 

These  tables  may  be  used  to  rank  foliar  ana- 
lyses which  may  be  at  hand.   Thus,  if  a  foliar 
analysis  has  been  made  for  a  chamise  sample  whi i 
shows  0.7%  calcium,  the  table  indicates  that  th ; 
is  a  very  low  value,  found  in  the  lower  5%  of  t; 
population. 


Stem  Analyses  (table  5^) 

The  data  for  cumulative  probability  percentiis 
of  the  population  of  stem  analyses  for  the  same 
elements  are  presented  in  table  5.   These  data  'e 
for  stemwood  plus  bark.   Most  of  the  compositio 
values  are  much  lower  for  stems  than  for  foliag 
Exceptions  are  sodium  in  Ceanothus,  and  calcium^n 
scrub  oak  stemwoods. 

Nitrogen  values  are  highest  for  Ceanothus 
stems.   This  indicates  that  lower  values  in  scr) 
oak  and  chamise  stems.   This  indicates  that  muc 
of  the  nitrogen  fixed  by  Ceanothus  is  stored  in 
high  nitrogen  content  stems. 
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Table  '4 — Elemental  composition  of  chaparral  foliage,  (oven  dry  basis) 


Table  5 — Elemental  composition  of  chaparral  stems  (oven  dry). 


r.i 


robability 

N 

P 

Ca 

Hg 

K 

Na 

Mn 

Fe 

Zn 

umul.    Pet. 

Pet. 

ppm 

Pet. 

Pet. 

Pet. 

Pet. 

ppm 

ppm 

ppm 

hamise 

5 

.397 

673 

.715 

.079 

.181 

.011 

12 

168 

26 

0 

.627 

1102 

.811 

.096 

.277 

.019 

85 

210 

31 

0 

.810 

1155 

.980 

.127 

.371 

.025 

125 

279 

19 

0 

.891 

161 1 

1.019 

.116 

.117 

.028 

115 

321 

58 

D 

.971 

1769 

1.123 

.171 

.166 

.031 

165 

379 

71 

D 

1.156 

2137 

1.311 

.217 

.591 

.038 

216 

550 

113 

5 

1.H02 

2632 

1.609 

.103 

.778 

.017 

289 

896 

205 

smple  n 

20 

20 

20 

20 

20 

16 

20 

20 

20 

:rub  oak 

j 

1 .007 

1010 

.569 

.085 

.283 

.020 

121 

112 

20 

) 

1.210 

1186 

.671 

.096 

.362 

.021 

133 

129 

21 

) 

1.39t 

1351 

.765 

.  109 

.117 

.023 

166 

161 

23 

) 

1.155 

1129 

.810 

.115 

.139 

.021 

191 

189 

25 

) 

1.511 

1510 

.856 

.123 

.160 

.027 

233 

221 

27 

) 

1.639 

1709 

.970 

.112 

.505 

.037 

389 

331 

37 

1.789 

1996 

1.132 

.173 

.561 

.068 

820 

579 

63 

inple  n 

8 

8 

8 

8 

8 

7 

8 

8 

8 

'anothus 

1.038 

538 

.850 

.106 

.218 

.006 

27 

93 

17 

1 

1.  no 

975 

1.011 

.130 

.326 

.007 

11 

105 

19 

1 

1.213 

1363 

1.173 

.159 

.112 

.009 

51 

110 

21 

1 

1.273 

1512 

1.221 

.171 

.157 

.011 

60 

168 

21 

1 

1.313 

1727 

1.273 

.192 

.506 

.011 

67 

208 

22 

1 

1.516 

2169 

1.378 

.239 

.631 

.028 

82 

361 

25 

1.916 

2789 

1.503 

.318 

.837 

.067 

105 

782 

28 

nple  n 

12 

11 

11 

11 

11 

8 

12 

12 

12 

Probability 
Cumul.    Pet. 

N 
Pet. 

P 
ppm 

Ca 
Pet. 

Mg 
Pet. 

K 
Pet. 

Na 
Pot. 

Mn 
ppm 

Fe 

ppm 

Zn 
ppm 

Chamise 

<5 

20 
10 

.119 
.179 
.210 

110 
191 
288 

.288 
.385 
.171 

.023 
.028 
.035 

.081 
.  101 
.127 

.009 
.015 
.022 

11 
20 
29 

18 
81 
111 

16 
22 

31 

50 

.270 

310 

.510 

.039 

.113 

.026 

33 

182 

13 

60 
80 
95 

.302 
.381 
.506 

398 
551 
811 

.551 
.616 
.780 

.011 
.058 
.085 

.162 
.218 
.323 

.030 
.010 
.056 

38 
51 
70 

229 
373 
661 

55 
95 
188 

Sample  n 

72 

72 

72 

72 

72 

67 

72 

71 

72 

Scrub  oak 

<5 
20 
10 

.195 
.267 
.332 

13 
92 
178 

.573 
.801 
.968 

.030 
.039 
.051 

.072 
.087 
.110 

.013 
.019 
.025 

26 
35 
19 

39 
53 
75 

8 
13 

17 

50 

.363 

232 

1.037 

.057 

.122 

.030 

57 

90 

18 

60 
80 
95 

.395 
.173 
.581 

300 
511 
951 

1.  105 
1.257 
1.118 

.061 
.085 
.120 

.137 
.181 
.260 

.031 
.011 
.061 

66 
93 
112 

107 
160 
261 

20 
21 
30 

Sample   n 

36 

36 

35 

35 

35 

32 

36 

36 

36 

Ceanothus 

<5 
20 
10 

.277 
.328 
.389 

10 
86 
172 

.188 
.503 
.725 

.026 
.031 
.010 

.051 
.072 
.107 

.015 
.018 
.022 

9 

11 
11 

36 
58 
80 

3 
5 
8 

50 

.122 

230 

.787 

.016 

.131 

.025 

16 

91 

10 

60 
80 
95 

.159 
.558 
.721 

301 
516 
1068 

.851 
1.026 
1.292 

.053 
.075 
.121 

.162 
.256 
.195 

.028 
.039 
.061 

18 
27 
16 

103 
132 
177 

12 
17 
26 

Sample  n 

39 

39 

38 

39 

39 

26 

38 

37 

37 

Table  6:  Elemental  composition  of  chaparral  roots  (oven  dry). 


Table  7 — Elemental  composition  of  chaparral  litter  (oven  dry). 


t 
Sf 

lability 
Jl.   Pet. 

N 
Pet. 

P 
ppm 

Ca 
Pet. 

Hg 
Pet. 

K 
Pet. 

Na 
Pet. 

Mn 
ppm 

Fe 
ppm 

Zn 
ppm 

nise 

.299 
.132 
.583 

222 
358 
185 

.297 

.601 

1.012 

.011 
.076 
.111 

.039 
.068 
.110 

-- 

25 
16 
87 

718 
1317 
2128 

12 
15 
21 

.662 

515 

1.211 

.135 

.131 

- 

115 

2591 

31 

6 
S 
9 

•  S 
,i 

'.i 

.718 

.978 

1.318 

1.701 

608 
762 
981 
1178 

1.505 
2.218 
3.519 
1.897 

.158 
.221 
.321 
.126 

.163 
.216 
.397 
.559 

- 

152 
277 
553 
905 

3125 
1612 
7332 
10117 

18 
115 
335 
721 

)le  n 

57 

38 

15 

16 

15 

— 

38 

39 

38 

lb  oak 

.315 
.501 
.677 

180 
312 
186 

.511 
1.068 
1.611 

.050 
.100 
.117 

.031 
.067 
.107 

:; 

23 
12 
79 

151 
1158 
1961 

9 

13 
23 

.769 

583 

1.875 

.170 

.128 

- 

101 

2381 

31 

S 
i 
) 

•! 

.869 

1.133 
1.551 

695 
1005 
1518 

2.  151 
2.819 
3.879 

.  191 
.253 
.310 

.150 
.209 
.301 

— 

135 
238 
155 

2811 
1070 
6013 

12 
81 
195 

'le  n 

11 

28 

37 

37 

37 



28 

27 

28 

othus 

1 
t 

1 

.306 
.598 
.871 

605 
638 
793 

.791 
1.025 
1.328 

.063 
.098 
.112 

.052 
.077 
.112 



72 
77 
96 

662 
919 

1711 

26 
29 
37 

1 

1.001 

955 

1.198 

.156 

.138 

- 

115 

2391 

13 

1 

1.136 
1.168 
1.917 

1293 
2515 
7110 

1.692 
2.235 
3.180 

.193 
.267 
.392 

.173 
.298 
.601 

-- 

115 
279 
721 

3390 
7151 
19165 

51 
80 
153 

le  n 

22 

9 

12 

12 

12 



8 

9 

8 

ti 

1 

M 

I 

i^Phosphorus  contents  are  much  higher  in  chamise 
5  than  in  Ceanothus  or  scrub  oak.   This  is 
pled   with  higher  phosphorus  contents  in  chamise 

■'  iage. 

„, Calcium,  magnesium,  anci  manganese  contents  are 
^,:,hest  in  scrub  oak  stemwood,  while  in  contrast, 
;,'"assium,  iron,  and  zinc  are  lowest;  while  the 
'erse  is  true  for  chamise  stemwood  contents. 


Probability 

N 

P 

Ca 

Mg 

K 

Na 

Mn 

Fe 

Zn 

Cumul.    Pet. 

Pet. 

ppm 

Pet. 

Pet. 

Pet. 

Pet. 

ppm 

ppm 

ppm 

Chamise 

<5 

.372 

195 

.812 

.079 

.  106 

.007 

205 

1359 

11 

20 

.513 

629 

1.056 

.161 

.121 

.015 

289 

3192 

76 

10 

.697 

755 

1.278 

.263 

.157 

.021 

377 

5107 

131 

50 

.769 

816 

1.388 

.316 

.179 

.029 

121 

6599 

155 

60 

.813 

878 

1.507 

.371 

.206 

.036 

168 

7932 

208 

80 

1.023 

1032 

1.811 

.530 

.293 

.015 

590 

11515 

310 

95 

1.275 

1255 

2.275 

.786 

.171 

.067 

778 

17517 

606 

Sample   n 

30 

30 

29 

29 

29 

25 

29 

29 

29 

Scrub  oak 

<5 

.685 

375 

.951 

.123 

.073 

.013 

228 

3377 

39 

20 

.711 

118 

1.  156 

.182 

.101 

.021 

301 

1128 

52 

10 

.825 

551 

1.299 

.211 

.137 

.028 

397 

5158 

76 

50 

.877 

611 

1.357 

.275 

.155 

.031 

151 

5156 

91 

60 

.937 

681 

1.111 

.309 

.178 

.031 

511 

5711 

110 

80 

1.117 

881 

1.539 

.395 

.239 

.011 

689 

6372 

159 

95 

1.156 

1252 

1.691 

.528 

.313 

.051 

995 

7115 

291 

Sample   n 

13 

13 

13 

13 

13 

8 

13 

13 

13 

Ceanothus 

<5 

.671 

312 

1.011 

.163 

.077 

.011 

136 

2868 

11 

20 

.877 

525 

1.261 

.217 

.127 

.016 

187 

3583 

72 

10 

1.029 

707 

1.178 

.281 

.  180 

.020 

235 

5063 

111 

50 

1.091 

788 

1.585 

.315 

.206 

.023 

258 

6107 

132 

60 

1.158 

870 

1.698 

.351 

.235 

.027 

282 

7161 

156 

80 

1.300 

1063 

1.981 

.157 

.307 

.038 

312 

12087 

223 

95 

1.182 

1327 

2.112 

.627 

.117 

.062 

129 

22559 

337 

Sample  n 

22 

22 

22 

22 

21 

16 

21 

21 

21 

The  reader  can  make  similar  comparisons  at  the  50X 
level  in  table  5. 


Root  Composition  (table  6^) 

Cumulative  probability  values  derived  from  the 
root  analyses  are  presented  in  table  6.   These 
values  are  for  roots  sieved  from  the  soil  samples, 
and  cleaned  by  blowing  air,  but  not  washed.   Most 
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Table  8 — Chaparral  soil  surface  properties  Cin  top  3in,,7.6  cm.). 


Property 

Bd 

pH 

c 

N 

C/N 

P 

CEC 

Ca** 

1,." 

K* 

Na^ 

Mn" 

g/cc 

Pot. 

Pet. 

ppm 

mill 

iequivs 

/lOOg 

-ams 

Chamise 

<5 

.90 

5.2 

.49 

.036 

10.7 

.07 

5.5 

4.6 

.6 

.  1 

.0 

.0 

20 

1.04 

5.6 

.95 

.063 

14.3 

.19 

7.3 

6.5 

1.0 

.2 

.0 

.1 

to 

1.15 

5.9 

1.69 

.099 

17.3 

.46 

9.5 

8.4 

1.7 

•  3 

.0 

.  1 

50 

1.20 

6.0 

2.15 

.  120 

18.5 

.67 

10.7 

9.2 

2.1 

.4 

.  1 

.  1 

60 

1.26 

6.1 

2.70 

.  144 

19.8 

.96 

12.0 

10.  1 

2.6 

.4 

.  1 

.2 

80 

1.38 

6.3 

4.40 

.213 

22.8 

2.01 

15.7 

12.2 

4.  1 

.5 

.  1 

.3 

95 

1.56 

6.6 

7.71 

.337 

26.7 

4.61 

22.0 

15.2 

7.1 

.7 

.3 

.6 

Sample  n 

70 

71 

71 

71 

71 

71 

70 

70 

65 

70 

70 

70 

Scrub  oak 

<5 

.74 

5.2 

.60 

.050 

11.6 

.12 

6.1 

5.1 

1.0 

.  1 

.0 

.0 

20 

.88 

5.5 

1.13 

.078 

13.9 

.22 

8.0 

6.9 

1.4 

.2 

.0 

.  1 

10 

1.00 

5.8 

1.84 

.113 

15.7 

.56 

10.2 

8.6 

2.0 

.4 

.  1 

.  1 

50 

1.05 

5.9 

2.23 

.133 

16.5 

.84 

11.3 

9.5 

2.3 

.5 

.  1 

.  1 

60 

1. 11 

6.1 

2.69 

.155 

17.2 

1.26 

12.5 

10.5 

2.7 

.6 

.  1 

.2 

80 

1.24 

6.4 

3.95 

.217 

19.0 

2.96 

15.9 

12.9 

4.0 

.8 

.2 

.3 

95 

1.42 

6.9 

6.16 

.324 

21.3 

7.86 

21.2 

16.6 

6.3 

1.3 

.6 

.6 

Sample  n 

48 

48 

48 

48 

48 

48 

48 

48 

47 

48 

48 

47 

Ceanothus 

<5 

.98 

5.5 

.36 

.031 

10.2 

.18 

9.8 

7.1 

1.8 

.  1 

.0 

.1 

20 

1.03 

5.7 

.67 

.048 

12.1 

.26 

11.6 

8.2 

2.3 

.2 

.0 

.1 

40 

1.12 

5.8 

1.35 

.086 

14.0 

.62 

13.9 

9.6 

3.2 

.3 

.0 

.2 

50 

1.17 

5.9 

1.83 

.  114 

14.9 

.97 

15.2 

10.4 

3.8 

.4 

.  1 

.2 

60 

1.24 

6.0 

2.47 

.153 

15.8 

1.52 

16.7 

11.4 

4.6 

.5 

.  1 

.3 

80 

1.44 

6.2 

4.66 

.289 

18.2 

4.08 

21.0 

14.  1 

7.0 

.8 

.  1 

.4 

95 

1.83 

6.5 

9.73 

.620 

21.7 

12.77 

28.6 

19.0 

12.0 

1.8 

.3 

.6 

Sample  n 

25 

25 

25 

25 

25 

25 

25 

25 

20 

25 

25 

24 

(Bd  =  bulk  density) 


Table  10  —  Root  weights  and  elemental  storage  contents  (gm/m  ). 


All 

Species 

;Charr 

ise,  Scr 

uboak, 

Ceanothus 

Weight 

1  N   1 

P 

|Ca 

|Mg 

1   K   1 

Mn 

1  '- 

1   Z" 

Cumul.  Pet. 

<5 
20 
40 

18 
54 
126 

.  1 
.3 
.8 

.008 

.03 

.07 

.  11 

.58 

1.67 

.02 
.06 
.16 

.02 
.08 
.17 

.001 
.003 
.009 

.04 
.  1 
.3 

.0001 

.001 

.004 

50 

177 

1.  1 

.10 

2.55 

.24 

.23 

.010 

.4 

.006 

60 
80 
95 

241 
460 
948 

1.6 
3.2 
7.2 

.  14 
.29 
.68 

3.77 

8.43 

20.70 

.34 

.72 

1.64 

.31 

.58 

1.17 

.022 
.054 
.  140 

.6 

1.2 

2.9 

22 

.009 
.020 
.048 

Sample  n 

27 

27 

22 

26 

26 

26 

22 

22 

Table  12 — Total  elemental  storage  in  top  5  cm  of  chaparral  soils 


Probability 

=  2 

,'2 
g/m 

^2 
mg/m 

CEC 

Ca** 

Mg""* 

K* 

/m 

Mn** 

Cumul.  Pet. 

gram-e 

quivalent 

wtg 

Chamise 

<5 

■5 

29 

3 

3.28 

2.37 

.43 

.09 

.00 

.07 

20 

1 

50 

7 

4.24 

2.81 

.49 

.13 

.00 

.09 

40 

1.4 

67 

11 

5.46 

3.56 

.70 

.17 

.01 

.  11 

50 

1.6 

75 

13 

6.13 

4.05 

.88 

.19 

.01 

.13 

60 

1.7 

84 

15 

6.90 

4.65 

1.  14 

.21 

.02 

.  14 

80 

2.2 

103 

20 

9.02 

6.53 

2.22 

.26 

.04 

.20 

95 

2.8 

130 

30 

12.66 

10.34 

5.36 

.33 

.  11 

.31 

Scrub  oak 

<5 

.2 

24 

6 

2.76 

2.34 

.64 

.09 

.01 

.06 

20 

.5 

37 

6 

3.05 

3.28 

.66 

.  11 

.01 

.08 

40 

.9 

53 

8 

3.74 

3.96 

.75 

.15 

.01 

.  10 

50 

1. 1 

61 

9 

4.26 

4.24 

.85 

.18 

.01 

.12 

60 

1.3 

71 

10 

4.96 

4.52 

1.01 

.22 

.01 

.14 

80 

1.8 

97 

15 

7.48 

5.14 

1.81 

.36 

.04 

.19 

95 

2.6 

140 

27 

13.65 

5.92 

4.79 

.66 

.26 

.29 

ALL  SPECIES 

<5 

.3 

21 

3 

3.13 

2.49 

.44 

.08 

.00 

.07 

20 

.6 

41 

6 

4.26 

3.25 

.59 

.  11 

.01 

.09 

40 

1.0 

59 

8 

5.58 

4.15 

.93 

.16 

.01 

.  12 

50 

1.2 

67 

10 

6.27 

4.62 

1.18 

.18 

.02 

.13 

60 

1.4 

76 

12 

7.05 

5.14 

1.53 

.22 

.03 

.15 

80 

1.9 

98 

17 

9.12 

6.54 

2.80 

.31 

.07 

.19 

95 

2.7 

129 

27 

12.51 

8.81 

5.91 

.50 

.26 

.26 

(For   gram  weights  of  exchangeable  cations  multiply  by   equivalent 
weights:  Ca,20;Mg. 12;K, 39:Na,23:Mn.27. 4. ) 


Table  9 — Total   elemental   storage   in  chaparral   foliage  plus  .ems 
( gm/m  )  . 


Probabil 

ty 

N 

P 

Ca 

Mg 

K 

Na 

Mn 

Fe 

Cumul.  Pet. 

Chamise 

— 

<5 

5.6 

0.7 

9.7 

1.0 

1.8 

.4 

.05 

.23 

06 

20 

6.9 

0.8 

11.2 

1.0 

2.9 

.5 

.06 

.35 

m 

40 

9.1 

1.2 

14.0 

1.3 

4.5 

.6 

.10 

.59 

12 

50 

10.5 

1.4 

16.0 

1.5 

5.4 

.7 

.13 

.74 

15 

60 

12.2 

1.7 

18.5 

1.8 

6.5 

.8 

.16 

.93 

20 

80 

17.5 

2.7 

26.8 

3.0 

9.6 

1.2 

.28 

1.56 

37 

95 

28.0 

5.0 

44.8 

6.6 

15.1 

1.9 

.58 

2.86 

79 

Scrub  oak 

£5 

20 

40 

50 

60 
80 
95 


7.2 
11.3 
16.5 


22.7 
31.8 
47.4 


1.0 
1.  1 
1.3 


14.5 
22.  3 
31.0 


1.5   35.6 


1.8 
2.8 
5.5 


40.6 
53.8 
75.0 


2.8 
4.  1 
6.5 


1.5  0.7  .12  .14  .03 
2.5  1.0  .16  .20  .01 
4.3   1.2    .23    .32  .05 


5.6   1.3 


.29 


.40  .0] 


7.2  1.4  .36  .50  ,,,08, 
12.5  1.7  .62  .84  1.12 
24.  1   2.1   1.22   1.56  !.2I)| 


Ceanothus 

<5 

14.5 

.5 

20.2 

1.0 

2.5 

.4 

.05 

.23 

.02 

20 

18.4 

.6 

26.1 

1.3 

3.4 

.5 

.06 

.28 

.01 

40 

22.4 

.9 

32.4 

1.9 

5.3 

.6 

.08 

.41 

.03 

50 

24.3 

1.2 

35.5 

2.4 

6.7 

.8 

.09 

.50 

.01 

60 

26.4 

1.7 

38.8 

3.0 

8.6 

.9 

.  11 

.61 

.06 

80 

31.6 

3.7 

47.5 

5.2 

15.1 

1.4 

.17 

1.03 

.V 

95 

39.4 

9.8 

60.7 

10.5 

30.4 

2.5 

.31 

2.01 

.9 

Table  11 — Total  elemental  storage  in  chaparral  litter  (gm/m  ). 


Probability 

N 

P 

Ca 

Mg 

K 

Na 

Mn 

Fe   Zn 

Cumul.  Pet. 

Chamise 

<5 

2. 1 

.2 

4.4 

.5 

.4 

.2 

.12 

.9   .o: 

20 

3.5 

.4 

7.6 

1.3 

.8 

.3 

.22 

2.5  M 

to 

6.8 

.8 

13.8 

3.1 

1.9 

.4 

.43 

6.2  .11 

50 

9.2 

1. 1 

18.0 

4.4 

2.7 

.5 

.56 

8.9  .1 

60 

12.5 

1.4 

23.2 

6.1 

3.7 

.6 

.74 

12.6  :  ,i 

80 

24.4 

2.6 

40.5 

12.0 

7.5 

.9 

1.31 

25.3  .i 

95 

53.6 

5.1 

77.4 

25.8 

16.9 

1.6 

2.54 

55.8  2.2 

Scrub  oak 

<5 

10.0 

0.9 

13.5 

2.3 

1.3 

.2 

.58 

5.9  0.? 

20 

11.6 

1. 1 

18.0 

4.5 

2.0 

.3 

.70 

8.3 

40 

15.3 

1.5 

25.2 

6.7 

3.2 

.5 

.92 

11.5 

50 

18.1 

1.7 

29.6 

7.9 

3.8 

.7 

1.07 

13.4 

60 

21.9 

1.9 

35.0 

9.1 

4.7 

.9 

1.26 

15.6 

80 

35.6 

2.6 

51.5 

12. 1 

7.2 

1.5 

1.88 

21.8 

95 

69.5 

4.0 

83.8 

16.7 

12.1 

2.7 

3.20 

33.0 

Ceanothus 

<5 

6.2 

.3 

7.7 

1.5 

.6 

.  1 

.13 

.9 

20 

13.9 

.8 

19.2 

3.8 

1.9 

.2 

.32 

3.7 

40 

21.9 

1.4 

32.1 

6.4 

3.8 

.4 

.53 

9.7 

50 

25.9 

1.8 

38.8 

7.9 

4.9 

.5 

.64 

14.0 

60 

30.2 

2.3 

46. 1 

9.4 

6.2 

.6 

.76 

19.6 

80 

41.2 

3.5 

65.4 

13.5 

10.0 

1.0 

1.08 

38.7 

95 

57.9 

5.6 

96.1 

20.0 

16.8 

1.5 

1.59 

82.5 

Table  13 — Summary  of  50  Pet.  probability  values 
(gm/m  )  in  chaparral  stands. 


for  nutrient   sto| 


Chamise 
Fol .+3tems 
Roots 
Litter 


Total 


Soil/5  cm 


Scrub  oak 
Fol .+stems 
Roots 
Litter 


Total 


Soil/5  cm 


Ceanothus 
Fol .+3tem3 
Roots 
Litter 


Total 


Soil/5  cm 


Mg 


3.5    1.4 

1.1  0. 1 

9.2  1.1 


16.0 
2.6 

18.0 


1.5 
0.2 


5.4 
0.2 
2.7 


0.7 
0.5 


0.13 
0.01 
0.56 


2078   276 


36.6 


"TT 


0.013 


3.6 


19.4   1.5 

1.1    0. 1 

18.1   1.7 


35 . 6    2.4 

2.6    0.2 

29.6    7.9 


5.6 
0.2 
3.B 


1.3 
0.7 


0.29 

0.01 
1.07 


38.6   3.3 


.009   85 


0.2   3.3 


24.3   1.2 

1.1    0. 1 

25.9   1.8 


35.5  2.4 
2.6  0.2 
38.8    7.9 


6.7 
0.2 
4.9 


0.09 
0.01 
0.64 


51.3   3.1 


71.9   10.5 


1.3   0.7 


0.4   3.6 


•(All  chaparral  soils  values  used  for  Ceanothus) 
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I  ely  this  definition  entails  some  rhizosphere 
J  erial , 

~Hitrogen  contents  of  chaparral  roots  were 

:i best  for  Ceanothus  roots,  although  at  the  lower 

■  •  ges  all  species  were  similar.   Phosphorus 

,f  ues  are  also  higher  in  association  with 

; nothus  roots,  being  nearly  double  those  of  the 
,1  er  species.   Magnesium  values  are  slightly 
Ll.her  in  chamise  roots  than  in  other  species,  a 

utrast  with  the  lower  magnesium  contents  in 
mise  stems  and  foliage. 

Root  manganese  contents  are  similar  at  the  50% 
el  for  all  species.   Iron  contents  of  roots  are 
h  higher  for  all  the  species  than  for  any  other 
nt  component  analyzed. 


Zinc  contents  for  roots  are  in  the  range  of 
er  plant  parts  analyzed.  The  much  higher  foli- 

and  stem  values  for  chamise  do  not  carry 
ough  to  the  roots  except  in  the  extreme  values 
the  upper  30%   of  the  population. 


- 


Iparral  litter  composition  (table  7^) 

-The  litter  analyses  were  fitted  to  probability 
ictions  for  each  species  and  element  and  the 
^ia  in  table  7  derived  from  this  function. 


rhe  litter  accumulated  under  the  various 
parral  species  reflects  some  of  the  conposi- 
lal  differences  previously  observed  in  stem  and 
iage. 

Iron  and  zinc  contents  as  weight  per  million 
highest  in  chamise  litter.   However  as  will  be 

1  later,  this  does  not  necessarily  mean  higher 

il  storage  amounts  on  the  site  since  total 
er  weights  may  have  different  rankings  between 

:ies. 


1^  Surface  Properties  (table  8^) 

he  basic  laboratory  weight  composition  data 
surface  soils  were  also  arrayed  in  probability 
es  for  each  property  by  species  as  shown  in 
e  8  to  show  expected  ranges.   Thus  in  general, 
'iias  3  similar  507,  value  of  6.0.   The  percent 
>on  content  is  highest  under  scrub  oak, 
lough,  it  reaches  higher  extremes  under 
lothus.   Nitrogen  values  also  reach  greater 
■ernes  under  Ceanothus,  but  are  generally  higher 

the  population  of  samples  under  scrub  oak. 
lothus  tends  to  maintain  lower  C/f!  ratios  in 
surface  soil,  and  higher  water  soluble  phos- 
,ius  contents.   In  .^.eneral  the  cation  exchange 
icity  is  higher  in  soils  under  Ceanothus,  as 

as  having  higher  amounts  of  exchangeable  cp.l- 
1  and  magnesium  on  that  exchange  complex. 

hL  ELEf'Ef'TAL  3T0RAGF 


"he  values  for  elemental  storage  for  each  com- 
'nt  of  chaparral  stands  were  obtained  by  multi- 


plying the  intensity  factor  of  elemental  composi- 
tion by  the  capacity  factor  of  total  weight. 
These  individual  component  storage  values  for  each 
species  and  sampling  site  were  fitted  to  cumula- 
tive probability  functions  and  the  data  derived 
for  elemental  storage  are  presented  in  tables  9-12. 


Foliage  and  Stem  Elemental  Storage  (table  9 ) 


Nitrogen  storage  quantities  for  various  percen- 
tiles of  the  expected  field  population  are  shown 
in  table  9.   The  nitrogen  quantities  stored  in 
stands  of  Ceanothus  are  highest.   Scruboak  stands 
have  nearly  as  much  stored  nitrogen,  while  chamise 
stands  have  half  these  amounts. 

Phosphorus  storage  values  are  similar  for  all 
three  species.   Although  chamise  vegetation  had 
greater  phosphorus  weight  composition,  the  greater 
weights  of  vegetation  in  Quercus  and  Ceanothus 
stands  resulted  in  equivalent  stand  weights  of 
phosphorus  present. 

The  data  in  table  9  can  be  used  to  rank  any 
calculation  on  total  elemental  storage  which  the 
forester  or  manager  of  chaparral  may  have  at  hand. 
Comparisons  between  species  are  also  apparent  in 
the  data. 


Root  Elemental  Storage  (table  10) 


Root  storage  contents  are  grouped  for  all 
species  because  of  gaps  in  the  data.   The  quanti- 
ties are  presented  in  table  10  as  cumulative  pro- 
bability values  for  all  chaparral  species. 

All  the  storage  amounts  are  about  one  tenth  the 
corresponding  elemental  storage  in  the  tops, 
except  for  iron  which  has  a  high  root  storage 
quantity  related  to  the  high  intensity  of  storage 
as  shown  in  table  6.   The  generally  low  storage 
values  are  due  to  the  low  root  weights  per  unit 
area,  since,  most  elements  are  high  in  weight  per- 
cent in  roots. 


Leaf  Litter  Elemental  Storage  (table  11) 


Elemental  storage  quantities  in  leaf  litter  may 

be  as  great  as  those  in  the  foliage  and  stem 

storage  because  of  high  litter  v;eirhts  coupled 

with  high  weight  percent  compositions.   Table  11 

presents  the  data  obtained  from  the  cumulative 

probability  functions  fitted  to  the  sample  site 

data  for  the  litter  storage  of  nine  elements. 

? 
The  nitrogen  storage  values  of  ?'5.9  gm/m   m 

Ceanothus  are  the  highest  of  the  three  species. 

These  are  comparable  to  the  quantities  stored  in 

vegetation  reported  in  table  9.   Tfie  litter 

storage  of  phosphorus  is  similar  for  all  the 

species  compared.   Calcium  storage  in  litter  is 

similar  in  quantity  to  that  stored  in  the  vegeta- 
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tion  storage  in  foliage  plus  steins.   However  mag- 
nesium storage  amounts  in  litter  are  much  higher 
than  the  foliage  plus  stem  storage.   These  values 
are  roughly  four  times  vegetation  storage,  indi- 
cating that  magnesiumis  being  accumulated  in  the 
litter. 


Potassium  storage 
Ceanqthus  at  5  gm/m^ 


in  litter  is  highest  under 
,  least  under  chamise  at  2.7 
gm/m^,  half  the  amount  in  the  vegetation,  attest- 
ing to  the  ready  leaching  of  potassium.   Sodium 
storage  amounts  are  the  same  in  the  litter  of  all 
the  species.   The  values  of  0.5  gm/m   are  half  the 
content  of  vegetation  storage  indicating  ready 
leaching  as  in  the  case  of  potassium. 

Manganese  and  iron  contents  are  definitely 
enriched  in  litter.   Manganese  contents  are 
highest  in  oak  litter,  and  second  highest  in  that 
of  Ceanothus  litter.   Iron  storage  quantities  are 
generally  highest  in  the  Ceanothus,  and  the  scrub 
oak  litters,  and  least  in  the  chamise  litter. 

2 
Zinc  quantities  are  generally  0.2  to  0.3  gm/m 

in  all  the  litters  without  wide  differences, 

although  there  is  a  tendency  to  higher  extremes  in 

chamise  litter. 


Elemental  Storage  in  Surface  Soil  Layers  (table  12) 


The  calculated  data  for  elemental  storage  quan- 
tities in  the  top  5  cm  layer  of  the  soil  were 
arrayed  and  fitted  to  cumulative  probability  func- 
tions to  derive  the  data  in  table  12.   Elemental 
storage  in  the  surface  soils  tend  to  have  less 
variation  related  to  species  influences  than  the 
vegetation  and  litter  values.   Nitrogen  storage  in 
the  top  5  cm  of  soil  whether  associated  with  cham- 
ise or  Ceanothus  is  very  nearly  60-75  gm/m  , 
despite  a  much  wider  variation  in  the  associated 
litter  and  vegetation.   Available  phosphorus 
storage  in  soil  (water  soluble)  is  much  lower  than 
the  total  storage  in  litter  and  vegetation.   Cal- 
cium storage  amounts  are  nearly  the  same,  at  the 
50?  level  from  4.0-4.6  equivalents  per  square 
meter  (multiply  by  40  for  grams).   Thus,  the  soil 
storage  quantities  in  the  top  5  cm  alone  are  four 
times  those  in  the  vegetation  and  litter.   Man- 
ganese storage  of  the  soil  at  50  gm/m   in  the  top 
5  cm  of  soil  is  nearly  fifty  times  that  contained 
in  the  vegetation  and  the  litter  above.   No  iron 
or  zinc  analyses  were  made  of  the  soil.   The  data 
indicate  that  for  many  of  the  elements  in  the 
chaparral  stand  the  soil  has  the  major  storage 
amount . 


Elemental  Storage  Distribution  Between  Stand  Com- 
ponents (table  13) 


The  total  elemental  storage  on  a  chaparral  site 
will  be  distributed  variously  between  the  vegeta- 
tion, leaf  litter,  and  the  soil.   This  partly 
depends  upon  the  age  of  the  stand  of  course,  but 
since  these  were  all  stands  of  about  20-25  years 


of  age,  they  will  be  considered  to  be  mature 
stands  of  chaparral.   The  data  for  the  fifty  pert 
centile  class  of  total  storage  amounts  have  beer 
collected  in  table  13. 

At  a  glance  one  finds  that  storage  values  in 
the  leaf  litter  are  frequently  as  much  or  more 
than  the  storage  in  the  live  vegetation.   Some 
elements  such  as  magnesium  have  much  greater  quj- 
tities  in  litter  storage  .   Leachable  elements 
such  as  potassium  and  sodium  have  much  less 
storage  in  the  litter.   Manganese,  iron,  and  zir 
are  present  at  orders  of  magnitude  greater  in 
litter  storage. 

Soil  storage  values  in  the  top  5  cm  of  the  sd 
alone  are  much  greater  than  most  of  the  storage 
quantities  in  vegetation,  indicating  the  impor- 
tance of  even  the  loss  of  a  small  portion  of  to] 
soil  in  erosion  associated  with  brush  removal  a: a 
major  process  of  nutrient  loss  from  chaparral 
stands.   This  is  particularly  the  case  in  chami: 
stands  where  nitrogen  storage  amounts  in  the  to]5 
cm  of  the  soil  are  more  than  three  times  the 
storage  amounts  in  vegetation  and  leaf  litter  c<- 
bined.   Vegetation  storage  quantities  of  phos- 
phorus represent  a  large  proportion  of  the  read  y 
available  phosphorus  in  the  stand  and  its  assoc 
ated  soil,  and  the  processes  involved  upon  libe  - 
tion  of  this  phosphorus  back  to  the  soil  may  be 
important  in  determining  its  availability.   Mag- 
nesium and  potassium  storage  quantities  in  vege  - 
tion  are  also  a  substantial  proportion  of  total 
storage  on  the  site  including  the  surface  soil. 
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Comparative  Nutrient  Relations  in  Adjacent 
Stands  of  Chaparral  and  Coastal  Sage  Scrub^ 


John  T.  Gray- 


Abstract:  Productivity  and  nutrient  cycling  par£ 
meters  were  measured  in  mature  stands  of  chaparijl 
and  coastal  sage  scrub  in  the  Santa  Monica  Moun- 
tains, California,  USA.   Net  annual  production  ;  d 
the  magnitude  of  annual  nutrient  transfers  were 
much  greater  in  the  evergreen  chaparral.   The 
chaparral  had  considerable  stores  of  nutrients  : 
wood  biomass,  low  leaching  rates,  and  a  conservpv 
and  efficient  use  of  most  mineral  elements.   Thi' 
drought-deciduous  community  was  characterized  b- 
a  high  annual  turnover  of  nutrients,  high  leach  ,g 
rates,  and  considerable  variation  in  foliar  nutter. 
concentration  during  the  year. 


Several  attributes  of  mediterranean-type  eco- 
systems make  them  attractive  systems  in  which  to 
study  plant  nutrition,   including  low  soil  fer- 
tility, the  predominance  of  srlerophylly ,  and  the 
recycling  of  minerals  by  fire.   Nutrient  studies 
in  these  plant  communities  have  traditionally  fo- 
cused on  one  or  more  of  these  attributes  (e.g., 
Beadle  1966,  Christensen  and  Muller  1975,  Hellmers 
et  al.  1955a,  Specht  and  Groves  1966).   However, 
our  understanding  of  the  complete  nutrient  cycle 
in  mediterranean-type  ecosystems  is  very  limited, 
especially  in  comparison  to  forested  ecosystems 
(Gray  and  Schlesinger  1981a).   There  is  a  con- 
spicuous need  for  detailed  studies  of  nutrient 
pools,  transfers,  and  regulating  processes  in 
mature  scrub  communities. 

In  response  to  this  situation,  a  nutrient  study 
was  conducted  in  the  chaparral  of  southern  Califor- 
nia (Gray  1981).   The  goal  of  this  research  was 
twofold:  (1)  to  quantify  nutrient  pools  and  annual 
transfers  in  the  chaparral  for  several  years;  and 
(2)  to  compare  and  contrast  the  pattern  of  nutrient 
cycling  and  nutrient  resource-use  in  two  communities 
dominated  by  shrubs  with  different  leaf  types.   The 
communities  were  evergreen  chaparral  and  drought- 
deciduous  coastal  sage  scrub,  v/hich  are  closely 
associated  with  one  another  in  the  coastal  moun- 
tains of  southern  California. 


SITE  DESCRIPTION  AND  METHODS 

The  research  site  was  located  in  the  Santa 
Monica  Mountains,  100  km  north  of  Los  Angeles, 
Calif.,  USA.   Adjacent  stands  of  chaparral  and 
coastal  sage  were  found  at  150  meters  elevation, 
3  km  inland.   The  two  communities  established  after 
a  fire  22  years  ago  on  the  same  aspect,  slope,  soil, 
and  rock  formation  (Gray  1981). 


It  is  generally  recognized  that  coastal  sage 
scrub  and  chaparral  are  distributed  along  a  moi 
ture  gradient  in  the  southern  California  mounta 
(Harrison  et  al.  1971,  Mooney  and  Dunn  1970). 
drought-deciduous  growth  form  appears  to  be  an 
adaptation  to  very  dry,  seasonal  conditions,  an 
normally  found  at  low  elevations.   At  mid-eleva 
a  mosaic  may  be  formed  as  coastal  sage  species 
replaced  by  evergreen  chaparral,  the  well-known 
mediterranean-type  sclerophyllous  vegetation  of 
California. 


The  chaparral  community  chosen  for  this  stud 
was  a  pure  stand  of  Ceanothus  megacarpus.   This 
species  establishes  only  by  seed  after  a  fire  al 
forms  dense,  rapidly-growing  stands  with  a  closl 
canopy  of  3-4  meters  height  (Schlesinger  and  GiL 
1980).   In  contrast,  the  coastal  sage  stand  was 
co-dominated  by  two  shrubs,  Artemisia  californii 
and  Salvia  leucophylla.   Other  occasional  specls 
include  Yucca  whipplei  and  Eriogonum  parvif olit, 
and  scattered  herbs  and  grasses  (Gray  and  Schle,iiiij 
1981b).   The  two  "sage"  shrubs  establish  by  se6|3  I 
and  resprouting  after  a  fire,  and  form  a  relati^l; 
low,  open  community  that  is  essentially  leafles 
during  the  dry  summer  months. 

The  standing  biomass  in  each  community  was  c- 
termined  by  harvesting  large  samples  of  each  stub 
species  and  forming  dimension  analysis  regressins 
(Whittaker  and  Woodwell  1968).   Net  annual  abo^- 
ground  production  was  measured  for  the  dominant 
species  for  two  years.   A  random  sample  of  eacl 
species  was  harvested  monthly  and  the  dry  weigf 
of  all  plant  parts  was  determined.   Net  producion 
was  calculated  as  the  sum  of  positive  biomass  :- 
crements  during  the  year  on  an  areal  basis,  us:g 
the  "mean-tree"  approach  (Ovington  and  Pearsal 
1957,  Gray  and  Schlesinger  1981b).   Litterfall  as 
collected  monthly  for  two  years  in  randomly-pl.ed 
trays  beneath  the  canopy  of  both  stands. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-Type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

2 
Research  Associate,  Department  of  Biological 

Sciences,  University  of  California,  Santa  Barbara, 
California,  93109. 


The  nutrient  pool  in  the  standing  vegetatioiwai 
determined  by  standard  analysis  of  all  harvest' 
tissues  in  the  lab.  Nitrogen  was  measured  as  ta 
Kjeldahl-N  with  an  ion-specific  electrode  (NH^ 
phosphorus  by  an  ammonium  metavandate  colorime  ic 
technique;  and  the  major  cations  by  atomic  abs- P' 
tion  spectrophotometry  (Gray  1981).  Nutrient  i 
analysis  of  the  monthly  harvested  tissues  prov  &<\ 
a   measurement  of  annual  nutrient  accumulation. 
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trient  return  was  measured  as  the  nutrient  con- 
nt  of  the  monthly  litterfall,  and  the  elemental 
ntent  of  throughfall  and  stemflow  collections 
llowing  the  techniques  of  Eaton  et  al.  (1973), 
ing  randomly-placed  collectors. 


LANDING  BIOMASS  AND  NUTRIENT  POOLS 

The  peak  aboveground  live  biomass  of  the 
;inothus  chaparral  was  greater  than  the  coastal 
i;e  by  a  factor  of  six  (Table  1).   The  biomass  of 
:;se  two  stands  represent  the  highest  and  lowest 
(Lues  of  14  mediterranean-type  ecosystems  from 
i)und  the  world  as  summarized  in  Gray  and 
jilesinger  (1981a).   Dead  wood  accounted  for  15 
ll  21  percent  of  the  aboveground  biomass  in  the 
:iparral  and  coastal  sage,  respectively.   The 
:.stal  sage  had  a  greater  proportion  of  its  peak 
!  nding  biomass  in  foliage  than  in  the  chaparral 
(  ble  1).   However,  during  the  summer  months  of 
lust  and  September,  only  15-30  percent  of  the 
ll  iduous  foliage  biomass  remains  (Gray  and 
Mesinger  1981b). 

In  the  coastal  sage  scrub,  39-42  percent  of  the 
(al  nutrient  pool  in  the  vegetation  was  present 
I  the  foliage.   In  contrast,  this  value  was  only 
123  percent  for  all  elements  in  the  chaparral. 
\   smaller  allocation  of  nutrients  to  the  foliage 
oartment  in  the  chaparral  is  due  in  part  to  the 
tie   amount  of  wood  accumulation,  and  to  the  low 
c;entration  of  mineral  elements  in  the  evergreen 
cLage. 


Unlike  forest  ecosystems,  where  60-70  percent 
of  the  aboveground  nutrient  pool  is  stored  in  the 
litter  layers  (Lang  and  Forman  1978),  a  compara- 
tively smaller  nutrient  pool  was  found  in  the  lit- 
ter of  the  chaparral  and  coastal  sage  (Table  1). 
Non-limiting  elements  such  as  calcium  and  mag- 
nesium accumulated  in  the  litter  layer,  while 
potassium  which  is  easily  leached  from  litter  by 
rainfall  was  only  present  in  small  quantities. 
The  relative  impoverishment  of  nitrogen  and  phos- 
phorus in  the  litter  layers  may  be  a  result  of 
a  greater  retranslocation  of  these  elements  before 
abscission.   Schlesinger  and  Hasey  (1981)  have 
shown  that  in  chaparral  ecosystems,  rates  of  de- 
composition are  relatively  rapid,  preventing  the 
accumulation  of  large  nutrient  pools  in  the  litter. 


ANNUAL  PRIMARY  PRODUCTION  AND  NUTRIENT  ACCUMULATION 

In  the  mediterranean  climate  of  southern  Califor- 
nia, both  evergreen  and  drought-deciduous  shrubs 
begin  their  aboveground  growth  soon  after  the  win- 
ter rains  (Mooney  et  al.  1977).   This  period  of 
measurable  growth  varies  for  each  species  and  from 
year  to  year.   For  the  drought-deciduous  shrubs, 
there  is  a  5-8  month  period  of  leaf  production, 
followed  by  a  short  period  of  flowering,  and  2-4 
months  of  drought  dormancy  (Gray  1981,  Gray  and 
Schlesinger  1981b).   The  evergreen  shrub,  Ceanothus, 
produces  flowers  and  leaves  in  the  spring,  while 
woody  increment  may  extend  throughout  the  summer. 
The  possession  of  evergreen  foliage  in  Ceanothus 


Table  1 —  Peak  aboveground  standing  biomass  and 
nutrient  pools  in  the  chaparral  and  coastal  sage. 


Dry  Matter 

Nu 

trient  Pool 

N 

P 

K 

Ca 

Mg 

CHAPARRAL 

Live  aboveground  biomass 

6482 

40.8 

2.8 

16.0 

33.5 

4.2 

Percent  foliage 

8 

20 

13 

12 

13 

23 

Community  aboveground  total 

9651 

68.6 

3.9 

23.4 

65.2 

11.5 

Percent  litter  layer 

21 

30 

15 

19 

39 

58 

COASTAL  SAGE  SCRUB 

Live  aboveground  biomass 

925 

5.5 

0.7 

5.6 

4.1 

1.0 

2 
Percent  foliage 

12 

39 

39 

40 

42 

39 

Community  aboveground  total 

2034 

12.5 

1.5 

9.2 

15.0 

5.1 

Percent  litter  layer 

30 

37 

26 

20 

60 

60 

MEDITERRANEAN- TYPE  ECOSYSTEMS'^ 
Mean,  aboveground  biomass 

3729 

21.1 

1.6 

13.4 

25.5 

3.8 

-Includes  dead  wood,  litter  layer  mass,  and  biomass  of  subordinate  species. 
^Values  for  the  dominant  shrubs  Salvia  and  Artemisia  only. 
From  Gray  and  Schlesinger  (1981a). 
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Table  2 —  Annual  production,  litterfall,  nutrient 
accumulation,  and  nutrient  return  in  the  chaparral 
coastal  sage.  Values  are  a  mean  of  two  years. 


Dry 

Matter 

N 

P 

K 

Ca 

Mg 

ANNUAL  ACCUMULATION 

g/m  /yr 

Chaparral 

1056 

13.11 

0.74 

4.61 

7.39 

1.38 

Coastal  Sage 

291 

3.19 

0.42 

3.58 

2.39 

0.51 

ANNUAL  RETURN^ 

Chaparral 

801 

7.30 

0.32 

4.06 

9.54 

1.77 

3 
Coastal  Sage 

199 

2.01 

0.18 

3.14 

3.87 

0.99 

'f' 
■ 

sr 


Accumulation  =  peak  nutrient  content  of  annual  production. 
'Return  =  nutrient  content  of  litterfall,  throughfall,  and  stemflow. 

Values  for  the  domiant  shrubs.  Salvia  and  Artemisia  only. 


allows  for  the  potential  of  year-round  photosyn- 
thesis (Gray  1981,  Mooney  and  Dunn  1970). 

The  annual  aboveground  production  was  greater 
in  the  Ceanothus  chaparral  than  in  the  coastal  sage 
as  shown  in  Table  2.   In  the  chaparral,  52  percent 
of  the  production  (1056  g/m2/yr)  was  foliage,  com- 
pared to  38  percent  of  the  production  (291  g/m^/yr) 
in  the  coastal  sage.   Both  communities  allocated 
50  percent  of  total  production  to  twig  growth  and 
radial  wood  increment.   This  relatively  high  rate 
of  wood  accumulation  in  both  communities  is  reduced 
partially  by  the  death  of  attached  stems,  estimated 
at  74  and  20  g/m^/yr  in  the  chaparral  and  coastal 
sage,  respectively  (Gray  1981). 

Not  surprisingly,  nutrient  accumulation  in  the 
annual  production  was  greater  in  the  chaparral 
(Table  2).   Nutrient  accumulation  in  Adenostoma 
fasciculatum  (chamise),  another  evergreen  chaparral 
dominant,  appears  to  be  much  less  than  found  in 
Ceanothus.   Annual  accumulation  of  nitrogen  and 
phosphorus  in  a  chamise  community  was  only 
equivalent  to  that  found  in  the  coastal  sage  scrub 
(Mooney  and  Rundel  1979). 


Table  3 —  Mean  elemental 
weight)  in  leaves  of  the 
derived  from  24  monthly  c 
per  month;  coefficient  of 


3f 


In  both  the  chaparral  and  coastal  sage,  60- 
percent  of  the  annual  primary  production  was  r 
turned  in  litterfall  (Table  2  ).  The  majority 
the  annual  nutrient  return  was  contained  in  th 
litterfall;  potassium  is  a  notable  exception  b 
cause  it  is  so  easily  leached  from  plant  leave 
(Tukey  1970).  The  time  and  magnitude  of  leach 
by  winter  rains  vary  from  year  to  year,  but 
generally  coincide  with  the  appearance  of  new, 
nutrient-rich  leaves  on  all  the  shrubs. 


NUTRIENT  RELATIONS 

Foliar  Concentrations 

The  concentration  of  mineral  elements,  part 
larly  nitrogen  and  potassium,  is  usually  lower 
coniferous  and  evergreen  foliage  (van  den  Drie 
1974).  For  all  the  major  elements,  Ceanothus 
a  lower  concentration  than  either  Artemisia  or 
Salvia  as  shown  in  Table  3 


Ceanothus  megacar 


[il, 


had  much  higher  values  for  nitrogen  and  phosph 
than  reported  in  the  needle-like  leaves  of 
Adenostoma  fasciculatum  (chamise),  the  most  wi 


concentrations  (pet.  dry 
dominant  shrubs.   Mean 
ollections,  8  samples 
variation  in  parentheses. 


Species 

Nitro 

gen 

Phosph 

Drus 

Potassium 

Calcium 

Magnesium 

Artemisia  californica 

1.88 

(29) 

0.225 

(29) 

1.42 

(33) 

0.94 

(25) 

0.267   (19) 

Salvia  leucophylla 

1.85 

(31) 

0.200 

(30) 

1.54 

(44) 

1.41 

(16) 

0.298   (19) 

Ceanothus   megacarpus 

1.69 

(12) 

0.081 

(20) 

0.45 

(22) 

0.87 

(12) 

0.160   (12) 
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ipad  chaparral  shrub  in  California  (Mooney  and 
iilel  1979).   Ceanothus  also  had  moderately  high 
;c;entrations  compared  to  six  other  chaparral 
h  lbs  in  San  Diego  County  where  nitrogen  and 
hiphorus  concentrations  ranged  from  0.91-1.61 
r  0.06-0.13  percent,  respectively  (Mooney  et  al. 

r 

'he  nitrogen:phosphorus  ratios  in  the  drought- 
e duous  shrubs  were  between  8  and  9,  while  in 
e  othus ,  it  was  20.   The  optimal  ratio  for  pro- 
u  ivity  in  many  agricultural  plants  is  between 
5  0  (van  den  Driessch  1974).   The  high  ratio  in 
»  othus  implies  that  nitrogen  is  probably  not 
I;  ting  at  this  site. 

ymbiotic  nitrogen  fixation  occurs  in  the  genus 
i, othus  (Delwiche  et  al.  1965),  although  no 
)(les  were  observed  on  the  roots  of  the  shrubs 
:  he  research  site.   Kummerow  et  al.  (1978) 
ijest  that  nodulation  of  the  roots  of  C^.    greggii 
I  he  chaparral  is  rare  because  of  xeric  soil 
nitions;  they  estimate  that  symbiotic  nitrogen 
i:tion  contributes  less  than  0.01  g/m  /yr  in  the 
■uarral. 

:  Tus,  in  comparison  to  the  drought-deciduous 
■jeLes,  and  many  other  evergreen  chaparral  shrubs, 
/fJthus  appears  to  have  a  relatively  high  nitro- 
srrequirement.   It  also  appears  that  in  the 
::«irral,  Ceanothus  may  not  depend  upon  nitrogen 
Jiiion  to  meet  this  requirement,  although  this 
.gjstion  deserves  careful  attention  in  the  future. 

18  monthly  variation  of  nitrogen  and  phosphorus 
nmtration  in  the  leaves  of  the  three  species  is 
e^nted  in  Figure  1.   This  fluctuation  is  due 
lirily  to  the  production  of  new,  nutrient-rich 
is  and  the  subsequent  reduction  in  their  con- 
1  ation  as  they  age.   In  the  evergreen  shrub, 

'1  thus,  the  annual  variation  was  lower;  the  co- 
:  lent  of  variation  for  all  elements  over  two 
i    was  only  12-20  percent  (Table  3).   In  Salvia 

^i  rtemisia,  the  concentration  of  elements  in  the 
IS  varied  greatly  throughout  the  year,  depending 
■i  rily  upon  the  season  in  which  the  leaves  were 

:,iiced.   Coefficients  of  variation  for  the 
"ht-deciduous  shrubs  ranged  from  16-44  percent 
lie  3). 


Tver  Rates 

'mover  rates  of  dry  matter  and  nutrients  are 
irily  a  function  of  the  magnitude  of  the  stand- 
.  iomass  and  the  nutrient  pools.   In  the  high 
^iss  chaparral,  the  percent  of  the  total  biomass 
'ned  to  the  environment  each  year  was  only  12 
<:it,  compared  to  22  percent  in  the  coastal  sage 
'iDwn  in  Table  4.   In  both  communities,  the  order 
,rtrient  turnover  from  fastest  to  slowest  was 
1,  K,  N,  and  P.   The  essential  elements  nitro- 
id  phosphorus  were  both  closely  coupled  to 
itter  turnover.   The  nutrient  turnover  rates 
5  chaparral  were  twice  that  found  in  the 
il  sage.   The  turnover  rates  of  non-limiting 
Its,  calcium  and  magnesium   were  very  rapid 
ti  coastal  sage  community. 
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Figure  1 — Monthly  nitrogen  and  phosphorus  concen- 
trations (pet.  dry  weight)  in  the  foliage  of  the 
dominant  shrubs  of  the  coastal  sage  and  chaparral. 
The  largest  two  standard  errors  for  any  month  are 
shown.   The  spring  period  of  leaf  production  is 
indicated  by  the  lines  with  arrows. 


Leachability 

Plant  foliage  is  subject  to  nutrient  losses  by 
leaching,  although  the  magnitude  differs  depending 
upon  the  leaf  morphology  and  the  element  in  ques- 
tion (Tukey  1970).   The  leachability  of  each  com- 
munity, expressed  as  the  total  nutrient  loss  in 
throughfall  and  stemflow  as  a  percent  of  the  nutrient 
pool  in  the  canopy  (i.e.,  leaves  and  flowers)  during 
the  winter  months  is  presented  in  Table  4.   The 
coastal  sage  showed  a  high  leaching  rate  for  all 
elements:  the  leachability  ratio  was  2-3  times 
greater  than  in  the  chaparral.   The  overall  rate 
of  leaching  in  the  coastal  sage  community  was  sur- 
prisingly high  In  light  of  the  fact  that  the  canopy 
was  open  and  sparse.   In  contrast,  the  canopy  of  the 
chaparral  was  closed  and  over  50  percent  of  the  in- 
cident precipitation  was  intercepted  (Gray  1981). 


Redistribution  of  Mineral  Elements 

Mobile  mineral  elements  are  translocated  from 
leaves  into  living  stems  before  abscission 
(Williams  1955).   The  extent  of  this  recovery  pro- 
cess varies,  depending  upon  the  plant  species  and 
the  plant  nutrient  status  (Chapin  1980).   Clearly, 
in  nutrient-limiting  situations,  greater  redistri- 
bution would  be  of  a  selective  advantage.   Using 
the  mass  balance  relationships  defined  by  Turner 
et  al.  (1976),  the  amount  of  the  annual  nutrient 
accumulation  provided  by  redistribution  can  be  cal- 
culated for  the  species  in  the  chaparral  and  coastal 
sage  scrub.   As  presented  in  Table  4,  only  the 
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Table  4 —  Elemental  characteristics  of  the  chaparral 
and  coastal  sage  scrub.  All  values  represent  a  mean 
of  two  years. 


h 


Dry  Matter 

N 

P 

K 

Ca 

Mg 

TURNOVER  RATE-*- 

Chaparral 

12 

17 

11 

25 

28 

42 

Coastal  Sage 

22 

36 

26 

56 

94 

99 

2 
LEACHABILITY 

Chaparral 

- 

3 

0 

41 

17 

29 

Coastal  Sage 

- 

8 

0 

76 

54 

59 

REDISTRIBUTION 

Chaparral 

- 

44 

56 

12 

0 

0 

Coastal  Sage 

- 

36 

57 

12 

0 

0 

EFFICIENCY  RATIO^ 

Chaparral 

- 

86 

1944 

156 

66 

358 

Coastal  Sage 

- 

72 

805 

46 

37 

146 

„TotaI  annual  nutrient   return/nutrient  pool  in  the  standing  biomass. 

Annual  leaching  losses/  leaf  and  flower  nutrient  pool  during  winter  months. 
.Percent  of  annual  nutrient  accumulation  provided  by  retranslocated  minerals, 

Annual  dry  matter  production  of  leaves  and  flowers/annual  nutrient  return. 


common  limiting  elements,  nitrogen  and  phosphorus, 
were  conserved  to  any  significant  degree.   There 
was  no  redistribution  of  calcium  and  magnesium,  the 
former  being  associated  with  cell  wall  deposition 
and  not  freely  transported  within  the  plant 
(Clarkson  and  Hanson  1980),   Magnesium  has  a  multi- 
plicity of  roles  in  plant  metabolism  and  is  re- 
latively mobile.   Any  redistribution  of  magnesium 
may  have  been  masked  by  the  high  leaching  rate  of 
this  element,  particularly  in  the  coastal  sage. 

Although  Ceanothus  had  a  high  nitrogen  require- 
ment and  did  not  appear  to  be  nitrogen-limited,  the 
shrub  showed  a  high  dependency  on  internal  sources 
of  nitrogen  and  a  great  capacity  for  the  storage 
of  this  nutrient.   The  redistribution  values  for 
Ceanothus  can  be  compared  to  chamise,  where  re- 
distribution of  nitrogen  and  phosphorus  has  been 
estimated  at  only  24  and  46  percent,  respectively 
(Mooney  and  Rundel  1979).   Values  reported  for 
other  wild  plants  in  the  literature  range  from 
0-83  percent  and  no  consistent  relationship  between 
growth  form  and  redistribution  ability  is  evident 
yet. 


Efficiency  Ratio 

Nutrient-use  efficiency  can  be  defined  in  a 
variety  of  ways,  depending  upon  which  nutrient 
process  of  the  plant    being  investigated  (i.e., 
acquisition,  transport,  or  utilization).   On  a 
community  level,  a  production  efficiency  ratio  can 
be  defined  as  the  annual  production  of  dry  matter 
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per  amount  of  mineral  element  returned  to  the 
vironment  each  year.  This  is  a  composite  inddBtit 
across  the  species  in  the  community  that  incoi 
production  with  nutrient  uptake,  accumulation 
loss  (Gray  1981).  To  the  extent  that  greater 
duction  leads  to  greater  reproduction  and/or 
longevity,  this  index  may  be  a  measure  of  the|  ;:; 
tential  competitive  abilities  under  nutrient- 
limited  conditions. 


For  all  the  major  elements,  the  evergreen 
Ceanothus,  had  a  greater  production  efficienc} 
(Table  4).  This  is  particularly  true  for  phoi 
potassium,  and  magnesium.  Ceanothus  had  a  ve: 
requirement  for  these  three  elements,  and  was 
susceptible  to  leaching  of  the  latter  two  nut: 
than  Salvia  or  Artemisia. 


DISCUSSION  AND  CONCLUSIONS 

Chaparral  ecosystems  are  relatively  short-! 
because  of  recurring  fires.  Ecologists  have 
ditionally  thought  that  in  the  absence  of  fi: 
many  chaparral  communities  become  "senescent" 
(Hanes  1977).  In  these  communities,  it  has  b' 
suggested  that  as  more  of  the  soil  mineral  re, 
are  tied  up  in  the  vegetation  and  litter  laye 
production  will  become  nutrient-limited  (Rund( 
and  Parsons  1980). 

However,  the  present  work  indicates  that  ii 
mature  stands  of  Ceanothus  chaparral  and  coas 


Hi- 


e,  there  is  considerable  net  production  and 
rient  accumulation.   The  high  foliar  concentra- 
ns  in  the  two  drought-deciduous  shrubs  and  in 
inothus  are  equal  to  or  greater  than  the  levels 
imost  chaparral  shrubs  (Mooney  et  al.  1977)  and 
igest  no  nutrient  limitation.   This  conclusion 
[Similar  to  that  of  Schlesinger  and  Gill  (1980), 
I  found  no  decline  in  foliar  nitrogen  concentra- 
iis  in  stands  of  C^  megacarpus  from  6-22  years 
Er  Santa  Barbara,  California. 

•Jith  regard  to  the  coastal  sage  scrub,  there 
E  considerable  turnover  of  dry  matter  and 
trients  each  year;  26-36  percent  of  the  standing 
irogen  and  phosphorus  pools  were  returned  annually 
o:he  soil.   The  stand  was  relatively  productive 
n  did  not  appear  to  be  impoverished  of  mineral 
lients.   This  high  rate  of  nutrient  turnover  and 
riuctivity  implies  that  there  may  be  a  close 
O'ling  of  nutrient  release  (i.e.,  decomposition 
a  mineralization)  and  nutrient  uptake  by  the 
Its.   Drought-deciduous  shrubs  like  Artemisia 
1  Salvia  are  well  adapted  to  form  this  type  of 
J  lent  cycle  by  virtue  of  their  shallow  roots 
li  Imers  et  al.  1955b),  rapid  response  to  winter 
IS  (Gray  and  Schlesinger  1981b,  Harvey  and 
)iev  1964),  and  fast,  inherent  growth  rates 
;:y'  1981). 

he  Ceanothus  chaparral  was  more  productive  than 
coastal  sage  community,  and  the  magnitude  of 
lutrient  transfers  was  considerably  larger. 
,  in  contrast  to  the  rapid  turnover  of  nutrients 
18  coastal  sage,  the  nutrient  cycle  in  the 
ifcirral  was  characterized  by  several  important 
brences. 

: 
Lrst,  there  were  considerable  stores  of  nutrients 
\e   biomass  of  the  chaparral.   Therefore,  only  a 
I.  turnover  of  minerals  occurred  annually, 
iid,  the  evergreen  shrub  had  low  leaching  rates, 
i;h  redistribution  ability,  and  an  efficient  use 
itrients  in  the  production  of  dry  matter.   These 
I  botes  of  the  evergreen  shrub  made  it  very  con- 
i-f  tive  in  its  use  of  nutrients,   particularly 
gen  and  phosphorus.   Third,  because  of  the 

extent  to  which  Ceanothus   used  internal 
es  of  nitrogen  and  phosphorus,  it  may  have  been 
(dependent  upon  soil  nutrient  availability 
;:;g  any  given  year  compared  to  the  coastal  sage. 


the  early  development  of  a  Ceanothus  community, 
igh  nutrient-use  efficiency  may  favor  the  rapid 
lulation  of  biomass  and  nutrients  typical  of 
ispecies  (Schlesinger  and  Gill  1980).   This  same 
rvative  and  efficient  use  of  mineral  elements 
nature  stand  may  also  permit  the  formation  of 
jaratively  balanced  and  self-regulated  nutrient 
,  which  in  turn  may  lead  to  the  high  rate  of 
5s  accumulation  found  in  these  mature  stands. 
<tent   to  which  this  nutrient  cycle  is  charac- 
:1c  of  other  evergreen  chaparral  communities  is 
m  and  deserves   future  attention  before  manage- 
luestions  involving  chaparral  nutrient  re- 
is  can  be  fully  answered. 
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Itrient  Mineralization  Processes  in 
diterranean-Type  Ecosystems^ 


\A.  Marion- 


Abstract:   The  objective  of  this  paper  is  to 
assess  the  role  of  mineralization  processes 
(pyrolysis,  decomposition,  and  weathering)  on 
nutrient  (N,  P,  K,  Ca ,  Mg,  and  S)  release  in 
mediterranean-type  ecosystems.   Decomposition  is 
the  most  important  process  for  N  release. 
Decomposition  and  pyrolysis  are  both  significant 
in  the  release  of  K,  Ca,  and  Mg.   Too  little  is 
known  concerning  the  mineralization  of  P  and  S  to 
allow  generalizations.   Also,  generalizations 
about  weathering  are  difficult  because  of  the 
high  site  specificity  of  nutrient  release  through 
weathering.   Environment  is  as  important  as 
substrate  in  estimating  mineralization  rates; 
these  mineralization  rates  should  be  more 
sensitive  to  moisture  than  to  temperature 
f luct  uat  ions. 


'Mineralization  is  a  general  term  referring  to 
ureases  that  convert  complex  organic  and 
rrganic  materials  into  soluble  ions  available 
:t  plant  uptake.   Three  mineralization  processes 
It,  potentially  important  in  mediterranean-type 
iCBystems;  these  are    (1)  pyrolysis  of  organic 
ic:er,  (2)  decomposition  of  organic  matter,  and 
:  chemical  weathering  of  inorganic  minerals 
f;.  I).   These  three  mechanisms  are  the  key 
irresses  controlling  nutrient  availability  in 
€-estrial  ecosystems.   The  rate  of  nutrient 
'e;ase  through  these  processes  is  largely  a 
'u:tion  of  substrate  quantity  and  quality, 
eperature,  and  moisture. 

The  objectives  of  this  review  are  to  (1) 
I8!ss  the  magnitude  and  relative  importance  of 
iy>lysis,  decompos  ition,  and  weathering  on 
a-onutrient  (N,  P,  K,  Ca ,  Mg,  S)  flux  in 
le  t erranean-t y pe  ecosystems  and  (2)  assess  the 
HDrtance  of  substrate  quantity  and  quality, 
«)erature.  and  moisture  in  determining  nutrient 


K,  Ca,  and  Mg.   This  "pulse"  nutrient  addition  is 
important  for  the  rapid  reest abl i shment  of 
chaparral  vegetation  following  fire  (Naveh  1975, 
Christensen  and  Muller  1975).   Work  in  the 
Quercus  coccifera  garrigue  has  also  shown  that 
fire  leads  to  an  immediate  increase  in  available 
P,  K,  Ca,  and  Mg  (Trabaud  1981).   The  actual 
release  depends  largely  on  the  quantity  of 
organic  matter,  temperature,  and  moisture. 
Laboratory  studies  have  shown  that  NH,  and  NO., 
formation  begins  at  200°C  and  peaks  between  300 
and  350°C;  beyond  500°C,  nitrogen  is  completely 
volatilized  (Dunn  and  BeBano  1977).   The 
formation  and  loss  of  available  nitrogen  depends 
on  soil  moisture  content.   Moist  soils  stay 
cooler  during  fires  because  the  heat  energy  can 
be  dissipated  by  evaporating  moisture.   As  a 
consequence,  there  is  generally  less  release  of 
available  N  during  fires  over  moist  'r .j  i  1  s 
(table  1). 


Y)LYSIS  OF  ORGANIC  MATTER 

'he  importance  of  fire  as  a  mineralizing  agent 
n  ledi t er ranean-t ype  ecosystems  is  generally 
egnized  (Naveh  1975,  Groves  1977,  Zinke  1977, 
r  aud  1981).   Fire  can  affect  mineralization 
r  esses  in  both  direct  and  indirect  ways.   The 
1  ct  ashing  of  organic  matter  releases 
i  ificant  quantities  of  N,  P,  K,  Ca,  Mg,  and  S 
t  le  1).   The  release  is  particularly  large  for 
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Figure  1 — The  ecosystem  nutrient  cycle. 


«' Tech    Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
St  ment  Station.  Forest  Service.  US    Denartment  of  Apriculmre;  1982. 
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Table  1 — Nutrient  mineralization  from  pyrolysis  of  organic  matter  in  selected  mediterranean-type  and 
forest  ecosystems. 


Ecosystem:   Location 
(Reference) 


Experimental  conditions 


Nutrient 


K   Ca 


Mg 


Chamise  chaparral:   California 
(Christensen  and  Muller  1975) 


Chamise  chaparral 
Ceanothus  chaparral 

Chamise  chaparral 
Ceanothus  chaparral 

Chamise  chaparral 
Ceanothus  chaparral 

Chaparral:   California 
(DeBano  et  al.  1979) 

Ad enostoma-Ceano thus- Salvia  chaparral : 
California 
(DeBano  and  Conrad  1978) 

Coniferous  forest:   Washington 
(Grier  1975) 


Laboratory  ashing  of 
vegetation 

Laboratory: 
Burning  treatments 

Intense-dry 

Intense-moist 

Moderate-moist 
Field:   prescribed  fire 

Field:   prescribed  fire 
Field:   wildfire 


0.04  0.01      5.1 


0.4 


0. 

29 

0, 

88 

0 

36 

0 

13 

0 

17 

0 

14 

1 

.0- 

-2.4 

f 

lilt 

iler 

Kit 

m 


m 


4.1      11      6.6 


3.2      31     4.5 


Fire  can  indirectly  affect  mineralization  by 
creating  a  more  favorable  environment  for 
mineralization  processes  following  fire. 
Available  NH^^  nO^,  and  P  are  generally  higher  on 
burned  sites  than  on  unburned  sites  for  periods 
up  to  2  years  following  fire  (Christensen  and 
Muller  1975).   Factors  present  following  fire 
that  can  lead  to  a  more  favorable  microbial 
environment  include  the  high  content  of  organic  N 
added  with  the  ash,  higher  soil  temperatures, 
more  favorable  moisture  conditions,  and  the 
destruction  of  allelopathic  compounds  during  the 
fire  (Naveh  1975,  Christensen  and  Muller  1975). 
However,  the  presence  of  high  levels  of  available 
nutrients  for  long  periods  following  fire  is  not 
always  evidence  of  improved  mineralization.   The 
high  available  nutrient  levels  may  simply  reflect 
a  low  vegetative  uptake  during  the  establishment 
phase  . 

Although  fire  is  generally  considered  a 
beneficial  agent  in  releasing  nutrients  tied  up 
in  organic  matter,  there  is  evidence  that  burning 
too  frequently  can  lead  to  site  nutrient 
degradation  (Groves  1977,  Trabaud  1981, 
Schlesinger  and  Gray  1981).   Frequent  fires  can 
exacerbate  an  already  nutrient  deficient 
situation  favoring  the  growth  of  shrubby 
sclerophyll ic  species  instead  of  the  more 
herbaceous  species  and  thus  "deflect"  succession 
in  mediterranean-type  ecosystems  (Specht  1973, 
Groves  1977). 
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DECOMPOSITION  OF  ORGANIC  MATTER 


Annual  Nutrient  Fluxes 


Decomposition  of  organic  matter  is  an 
important  process  leading  to  the  release  of  N, 
K,  Ca,  Mg,  and  S  into  forms  available  for  plant 
growth.   However,  decomposition  and 
mineralization  are  not  generally  synonymous. 
Decomposition  refers  to  the  breakdown,  or 
disappearance,  of  organic  matter.   For  a 
nonstructural  nutrient,  such  as  K,  decompositio 
and  mineralization  are  synonymous.   Structural 
nutrients,  such  as  N,  P,  and  S,  are  frequently 
converted  into  soluble  organic  forms  during 
decomposition;  an  additional  step  is  required  t 
break  the  organic  molecules  into  soluble 
inorganic  ions  before  plant  uptake  can  occur, 
a  consequence,  litter  decomposition  data  cannot 
be  directly  used  to  estimate  mineralization  rat 
with  the  exception  of  K.   The  annual  nutrient 
mineralization  from  decomposition  of  organic 
matter  falls  in  the  order:   N  ::ir  Ca  >  K  >  Mg  v;  S 
P  (table  2).   The  magnitude  of  this  release  is 
significant  with  respect  to  plant  requirements. 
In  fact,  N  mineralization  from  organic  matter  ii 
the  primary  source  of  available  N  for  plant 
uptake  in  terrestrial  ecosystems  (Rosswall  1975 
Ellenberg  1977). 


rogen   Mineralization 


nitrogen    is    of    special    importance    because    it 

he    nutrient    which   most    trequently    limits 
j;th    in    terrestrial    ecosystems    (Ellenberg    1977, 
ij   and    Schlesinger    1981).       Substrate    quantity 
J!  quality,    temperature,    and   moisture    largely 
C  rol    N   availability.      The    quantity    of   N  within 
n'cosystem   can    be    easily   measured;    however, 
ui    point-in-time   measurements    are    poorly 
related    to   N   availability    (Harmsen    and 
s  Schreven    1955).       Soil     incubations    are 
c;idered    the    best    technique    for    assessing 
u;trate    quality   with    respect    to   N   availability 
Hmsen    and   van    Schreven    1955,    Stanford    and 
1  h    1972). 

Accumulative    nitrogen   mineralized    (N    )    with 
i;    (t)    under    optimal    temperature    (35°C)    and 
psture    (0.2    bar    soil    moisture    tension)    in    the 
8)ratory    can   be    described   with    a 
h!e-parameter    logarithmic    equation: 


(N      -   N    )    =    Log  N      - 
o  t  "      o 


kt' 


(1) 


h'e  N   is  potentially  mineral izabl e  N,  k  is  the 
a;  constant,  and  b  is  the  time  exponent  (Marion 
r  others  1981).   Nitrogen  mineralization 
lajmeters  for  chaparral  and  matorral  soils  show 
CJiderable  variation  between  soils, particularly 
r:he  potentially  mineral izable  nitrogen 
t)le  3);  the  latter  parameter  is  an  pcrimat'^  of 
u;  t  rate  qual i  t  y . 


The  laboratory  nitrogen  mineralization 

equations  can  be  used  to  estimate  field  nitrogen 
mineralization  by  adjusting  for  suboptimal 
moisture  and  temperature.   Stanford  and  others 
(1973)  found  a  Q^^  ^.f  2.0  for  the  N 
mineralization  rate  constants  (k;  table  3);  that 
is,  the  rate  constant  is  halved  for  every  10°C 
drop  below  35°C.   Stanford  and  Epstein  (1974) 
found  that  relative  N  mineralization  with  respect 
to  moisture  (N  mineralized  at  field  moisture/N 
mineralized  at  optimum  moisture)  was  equal  to 
relative  moisture  content  [field  moisture 
cont ent /opt imum  moisture  content  (approximately 
field  capacity)].   Nitrogen  mineralization  under 
optimal  moisture  and  temperature  for  the 
Cieneba-mixed  soil  (table  3)  is  5.4  ppm  N/week. 
Using  the  above  relationships  to  adjust  the 
optimal  equation  (table  3)  to  field  temperature 
and  moisture  (measured  at  the  Echo  Valley 
research  site),  one  can  calculate  the  relative 
effect  of  field  temperature  and  moisture  on  N 
mineralization  (fig.  2).   Moisture  is  optimum  for 
N  mineralization  during  the  winter  months; 
temperature  optimums  for  N  mineralization  are 
reached  in  the  summer.   However,  the  relative  N 
mineralization  attributable  to  temperature 
fluctuates  by  a  factor  of  less  than  three,  while 
the  relative  N  mineralization  attributable  to 
moisture  fluctuates  by  a  factor  of  ten  (fig.  2). 
As  a  consequence,  the  combined  moisture  and 
temperature  curve,  which  assumes  that  moisture 
and  temperature  are  acting  independently,  more 
closely  follows  the  moisture  fluctuations. 


Table  2 — Nutrient  mineralization  from  decomposition  of  organic  matter  in 
selected  mediterranean-type  and  forest  ecosystems. 


Ecosystem:   Location 

Material 

Nutrient 

(Reference) 

N 

P 

K 

Ca 

Mg 

S 

Litter 

i 

-2    -1 

Coastal  sage:   California 

\.i 

(Gray  and  Schlesinger  1981) 

Ceanothus  chaparral: 

Litter 

^3.4 

California 

(Gray  and  Schlesinger  1981) 

Chamise  chaparral:   California 

Soil  and 

3.3 

(Mooney  and  Rundel  1979) 

litter 

Mixed  chaparral:   California 

Soil  and 

8.0 

(Marion  et  al.  1981) 

litter 

Banksia  scrub:   Australia 

Litter 

^0.9-2.1 

(Maggs  and  Pearson  1977) 

Quercus  ilex  forest:   France 

Litter 

2.6 

0.2   0.7    5.3 

0.3 

(Lossaint  1973) 

Deciduous  forest:   U.S.A. 

Soil  and 

7.0 

2.0   4.2 

0.6  0.6 

(Likens  et  al.  1977) 

litter 

Calculated  from  litterfall  data  assuming  the  ecosystem  litter  is  in  a 
steady  state  (input  =  output) . 
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Table  3 — Nitrogen  mineralization  parameters  for  the  equation,  Log  (N^  -  N  )  =  Log  N  -  kt  , 
determined  under  optimal  conditions  for  temperature  (35°C)  and  moisture  (0.2  bar  moisture  tension) 
(Marion  et  al.  1981). 


Potential 

Rate 

Time 

Total 

mineraliz 

able 

constant 

exponent 

2 
r 

Location:   soil 

Horizon 

nitrogen 

nitrogen 

(N^) 

(k) 

(b) 

1 

ppm 

week 

San  Diego  County,  California, 

U.S.A. : 

Cieneba-chamise 

A 

0.043 

9.8 

„0.141 
0.39 

0.61 
^0.70 

0.94 

C 

0.016 

0.4 

~ 

Cieneba-mixed 

A 

0.098 

24.5 

0.109 

0.72 

0.77 

Tollhouse 

A 

0.083 

14.8 

0.104 

0.65 

0.96 

AC 

0.035 

4.0 

2o.50 

2o.70 

— 

La  Posta 

A 

0.186 

50.7 

0.070 

0.73 

0.95 

C 

0.075 

11.9 

0.142 

0.69 

0.97 

Las  Posas 

A 

0.123 

54.0 

0.104 

0.87 

0.99 

B 

0.040 

3.0 

0.147 

0.62 

0.94 

Sheephead 

A 

0.107 

20.3 

0,127 

0.73 

0.98 

C 

0.050 

3.4 

20.87 

2o.70 

— 

Fundo  Santa  Laura,  Chile: 

Ridgetop — near  ravine 

A 

0.223 

73.0 

0.027 

1.09 

0.94 

Ridgetop 

A 

0.141 

37.6 

0.082 

0.87 

0.99 

The  Cieneba-chamise  and  Cieneba-mixed  are  Cieneba  soils  under  pure  chamise  and  mixed  chaparral 

vegetation,  respectively. 
2 
Calculated  indirectly  because  of  too  few  points  for  a  statistical  fit. 


Nitrogen  mineralization  is  more  sensitive  to 
moisture  than  to  temperature  fluctuations  in  this 
mixed  chaparral  ecosystem;  this  high  sensitivity 
to  moisture  conditions  agrees  with  previous 
chaparral  work  (Schaefer  1973,  Mooney  and  Rundel 
1979).   Nitrogen  mineralization  should 
theoretically  peak  in  the  winter  and  be  at  a 
minimum  in  the  summer.   The  simulated  weekly  N 
mineralization  ranged  from  3  to  27  percent  of  the 
optimal  amount  (5.4  ppm  N) .   Clearly, 
quantification  of  the  mineralization  environment, 
particularly  temperature  and  moisture,  is  as 
important  as  quantification  of  substrate  quantity 
and  quality  in  estimating  N  availability  in 
terrestrial  ecosystems. 

These  field  temperature  and  moisture  effects 
are  based  on  a  theoretical  model  of  the  N 
mineralization  process  developed  from  laboratory 
studies.   There  exists  field  data  to  support  this 

theoretical  model.   Using  the  N  mineralization 
equations  for  optimal  conditions  (table  3),  the 
previously  mentioned  relationships  to  adjust  N 
mineralization  to  field  moisture  and  temperature, 
and  field  moisture  and  temperature  measurements, 
one  can  calculate  the  annual  N  mineralization  by 
integrating  the  mineralization  equations  at 
weekly  time  steps  over  the  plant  rooting  zone. 
The  predicted  annual  N  mineralization  for  a 


chamise  and  a  mixed  chaparral  ecosystem  were  3. 
and  7.4  g  N  m~  yr   ,  respectively;  these 
estimates  agree  reasonably  well  with  independen 
estimates  using  a  mass  balance  equation  of  3.3 


and   8.0    g  N   ra 
others    1981). 


yr      ,    respectively    (Marion    and 


M 


I   M   J   J 

Month 

Figure  2 — The  simulated  effect  of  seasonal  fie 
soil  temperature  and  moisture  on  relative  nitrj 
mineralization  for  a  surface  soil  in  a  mixed 
chaparral  ecosystem. 
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Table  4 — Nutrient  mineralization  from  chemical  weathering  in  selected  mediterranean-type 
and  forest  ecosystems. 


Ecosystem  type:   Location 

Rock  type 

Nutrient 

(Reference) 

P 

K 

Ca 

Mg 

S 

Sandstone 

0.025 

-2    -1 
g  m   yr 

2.0 

Fynbos:   South  Africa 
(Day  1981) 

6.0 

3.5 

Oak-pine  forest: 
New  York,  U.S.A. 
(Woodwell  and  Whittaker 

1967) 

Outwash  sands 

1.0-1.2 

2.3-2.6 

0.7-1.0 

Scrub  pine-oak  forest: 
Maryland,  U.S.A. 
(Cleaves  et  al.  1974) 

Serpentinite 

tr 

tr 

3.4 

Forest:   Maryland,  U.S.A. 
(Cleaves  et  al.  1970) 

Shist 

0.23 

0.13 

0.17 

Oak-beech  forest:   Luxembourg 
(Verstraten  1977) 

Shale 

0.02 

0.87 

1.6 

Northern  hardwood  forest: 
New  Hampshire,  U.S.A. 
(Likens  et  al.  1977) 

Moraine /gneiss 

0.71 

2.1 

0.35 

0.08 

Douglas-fir  forest: 
Oregon,  U.S.A. 
(Fredricksen  1972) 

Tuffs/breccias 

0.16 

4.7 

1.2 

Northern  hardwood  forest: 
Michigan,  U.S.A. 
(Adams  and  Boyle  1979) 

Outwash  sands 

0.1-0.3 

0.1 

0.1 

Table  5 — The  primary  minerals  and  mean  annual  temperature  and  precipitation  for  five  selected 
sites  within  mediterranean-type  ecosystems. 


Ecosystem:   Location 

Rock  type:   Primary  minerals 

Mean 

annual 

(Reference) 

Temperature 

Pr 

ecipitation 

^ 

mm 

Chaparral : 

Quartz  diorite:   plagioclase. 

17 

440 

Echo  Valley,  California 

quartz,  orthoclase 

(Thrower  and  Bradbury  1977) 

Matorral: 

Andesite:   plagioclase,  augite. 

16 

550-600 

Fundo  Santa  Laura,  Chile 

Quartz  diorite:   Hornblende, 

(Thrower  and  Bradbury  1977, 

quartz,  plagioclase,  biotite 

Miller  et  al.  1973) 

Garrigue : 

Limestone:   calcite 

14 

770 

Montpellier,  France 

(Lossaint  1973) 

Fynbos: 

Quartzite:   quartz 

16 

1270 

Jonkershoek,  South  Africa 

(Kruger  1977,  1979) 

Heath: 

Aeolian  sand:   quartz 

15 

460 

Dark  Island  Soak,  Australia 

(Specht  and  Rayson  1957) 
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CHEMICAL  WEATHERING  OF  INORGANIC  MINERALS 

Many  igneous,  metamorphic,  and  sedimentary 
rocks  were  formed  under  high  temperatures,  high 
pressures,  and  in  the  absence  of  air  and  water; 
their  exposure  to  the  low  temperatures,  low 
pressures,  and  the  presence  of  air  and  water  at 
the  Earth's  surface  causes  their  chemical 
breakdown  into  stable  secondary  minerals.   A 
by-product  of  this  chemical  transformation  is  the 
release  of  essential  nutrients  for  plant  growth. 
Primary  mineral  weathering  is  an  important 
process  releasing  Ca,  Mg,  and  K,  and  to  a  lesser 
extent,  P  and  S  for  plant  growth. 

Watershed  level  studies  using  mass  balance 
techniques  provide  the  best  estimates  of  nutrient 
release  from  rock  weathering  (Clayton  1979).   A 
mass  balance  equation  can  be  written  as: 


precipitation  +  weathering 
leaching  +  ^soil  storage 


plant  uptake  + 
(2) 


Accurate  estimates  of  weathering  rates  require 
accurate  estimates  of  precipitation,  plant 
uptake,  leaching,  and  changes  in  soil  storage. 
Although  there  are  a  few  gaged  watersheds  within 
mediterranean-type  ecosystems,  none  have  been 
used  to  estimate  rock  weathering  rates.   The  only 
estimate  of  nutrient  release  from  rock  weathering 
in  a  mediterranean-type  ecosystem  was  developed 
by  assuming  a  weathering  rate  of  1  cm/100  years 
for  a  sandstone  (table  4);  since  details  of  this 
estimate  are  not  available,  it  is  impossible  to 
critically  assess  its  validity.   However,  the 
weathering  data  from  forested  ecosystems  are 
adequate  to  demonstrate  the  high  inherent 
variability  likely  to  be  found  from  site  to  site 
(table  4).   Under  the  right  circumstances, 
significant  amounts  of  K,  Ca,  and  Mg  can  be 
released,  but  generalizations  are  difficult 
because  of  the  highly  variable  mineral  suites 
(tables  4  and   5). 

Both  temperature  and  moisture  affect 
weathering  rates.   The  weathering  diagram 
(fig.  3)  depicts  the  relative  effect  of 
temperature  and  moisture  on  chemical  weathering 
intensity.   At  the  average  temperature  and 
precipitation  typical  of  mediterranean-type 
ecosystems,  the  chemical  weathering  intensity 
should  be  weak  to  moderate  (fig.  3).   Because 
moisture  regimes  are  more  likely  than  temperature 
regimes  to  be  different  between  sites  within 
mediterranean-type  ecosystems  (fig.  3), 
differences  in  chemical  weathering  intensity 
between  sites  are  more  likely  to  be  due  to 
moisture  than  to  temperature.   Climate  also  plays 
an  indirect  role  on  weathering  intensity  through 
Its  effect  on  vegetative  growth.   Carbon  dioxide 
from  root  and  microbial  activity  in  the  soil  can 
react  with  water  to  form  carbonic  acid  which  can 
react  with  primary  minerals.   Carbon  dioxide 
levels  may  ultimately  control  weathering  in  soils 
(Johnson  and  others  1975,  Routson  and  others 
1977). 
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Figure  3 — Relative  mechanical  and  chemical  weath  ^i 
ing  rates  as  influenced  by  mean  annual  temperatu 
and  rainfall  (adapted  from  Peltier  1950). 


An  alternative  to  the  empirical  measuring  of 
chemical  weathering  rates  is  to  develop  a 
theoretical  model  based  on  chemical 
thermodynamics.   Adequate  thermodynamic  data 
exist  to  develop  such  models  (Sillen  and  Martell 
1964,  Robie  and  Waldbaum  1968,  Wagman  and  others 
1968,  Lindsay  1979).   The  solubility  of  simple 
compounds,  such  as  calcite  and  gypsum,  have  been 
used  in  theoretical  soil  models  (Dutt  and  others 
1972).   More  complex  primary  mineral  weathering 
models  have  been  developed  for  arid  watersheds 
(Routson  and  others  1977)  and  humid  watersheds 
(Cleaves  and  others  1970,  1974);  however,  it 
remains  to  be  seen  whether  or  not  equilibrium 
thermodynamic  relationships  can  be  used  to 
quantitatively  predict  the  release  of  nutrients 
from  complex  suites  of  primary  minerals. 
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SUMMARY 


Decomposition    is    the   most    important    proces 
rendering   N   available    for    plant    growth    in 
mediterranean-type    ecosystems.      Although 
important    quantities    of    available    N   are    added 
through    pyrolysis    (0.04-2.4   g   m~      yr~    ),    more 
available    N   can    be    expected    through    decompositio   !• 
on   an    annual    basis    (2.6-8.0   g   m~      yr~    ).      The 
pulse    addition    through    pyrolysis    of   K,    Ca,    and  K 
(3.2-31    g  m        yr~    )    will    probably   exceed    annual 
additions    through    either    decomposition    or 
weathering    (tr-6.0    g  m~      yr~    );    however,    release 
of   K,    Ca,    and  Mg    through    decomposition   will 
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plainly  play  an  important  role  in  cycling  of 

lese  nutrients.  It  is  difficult  to  generalize 
bout  chemical  weathering  release  of  K,  Ca,  and 
5  because  of  the  highly  variable  primary  mineral 

ites  present  in  the  different 
»diterranean-type  ecosystems  (table  5)  and  the 
ighly  variable  moisture  regimes  (fig.  3). 
•composition  and  chemical  weathering  both  can 
lay  an  important  role  in  the  cycling  of  P; 
)wever,  because  of  the  highly  immobile  nature  of 
,  it  is  quite  difficult  to  separate 
I'composi  t  ion  and  weathering  releases.   Too 

ttle  is  known  about  S  release  to  allow 
•neral izat ions  at  this  time. 

Although  substrate  quantity  and  quality  play 
I  important  role  in  the  mineralization 
ocesses,  the  environment  in  which  these 
ansformat ions  take  place  is  of  equal  importance 
igs.  2  and  3).   Although  both  temperature  and 
isture  are  important,  both  organic  matter 
n composit ion  and  chemical  weathering  rates  in 
'idi terranean-type  ecosystems  are  more  likely  to 
influenced  by  moisture  fluctuations  than  by 
mperature  fluctuations  (figs.  2  and  3). 

Two  serious  gaps  exist  in  our  current 
iderstanding  of  nutrient  mineralization 
liocesses  in  mediterranean-type  ecosystems, 
losphorus  limits  growth  in  many 
idi terranean-type  ecosystems  (Gray  and 
Jhlesinger  1981,  Read  and  Mitchell  1981).   In 
(rt,  because  P  is  highly  immobile  in  soils  and, 
I  part,  because  of  the  many  processes 
cntrolling  P  availability,  our  understanding  of 
t3  controls  on  P  availability  is  not  good.   A 
£Tiple  P  mineralization  model  relating  substrate 
cantity  and  quality,  temperature,  and  moisture, 
salogous  to  the  N  mineralization  model,  does  not 
eist  .   More  complex  P  models  exist  (Cole  and 
ciers  1977),  but  they  generally  require  too  much 
iFormation  to  be  useful  for  practical  purposes. 
0-  current  understanding  of  the  importance  of 
C?mical  weathering  in  mediterranean-type 
ejsystems  is  poor.   Experimental  work  on 
C!mical  weathering  would  be  a  valuable 
citribution  to  furthering  our  understanding  of 
n  rient  cycling  in  mediterranean-type 
Osyst  ems . 
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;robial  Activity  After  Fire  in  a  Phryganic  East 
diterranean  Ecosystem^ 

\rianoutsou-Faraggitaki  and  N.  S.  Margaris- 


Fire  occurrence   is   generally  accepted   as   a 
airal    and    inevitable    event    in  Mediterranean-type 
csystems.      High   summer   temperatures   combined 
ii  water  deficiency  provide   ideal   conditions    for 
i;  outburst . 

Although   information  concerning   adaptive   strat- 
gis   and   recovery   of    producers   is   available    in   a 
U:;icient   degree,    the   same   is  not   true    for   con- 
u:rs   and   decomposers.      Preliminary   results   of  a 
e:arch   project    started    some   years   ago,   dealing 
ii   the   effect    of    fire   on   decomposers    in  a  phry- 
a -c    (coastal    sage)    ecosystem   in  Greece,    were 
riented  during   the   Palo  Alto   Symposium    (Margaris 
9').      Additional    data  now  available   are   con- 
e  led   with    processes    such   as  microbial   activity, 
lification,   and    total   soil   metabolism. 


A};rials  and  methods 

'he  area  under  study  is  located  close  to  the 
tins  University  Campus,  in  Mt.  Hymettus,  400 
e  rs  above  sea  level .   Data  on  the  structure  and 
u;  tion  of  this  system  are  already  presented  by 
a aris  (197b).   Part  of  the  site  was  burned 
ci  dentally  in  July  1976. 

hroughout  a  2-year  postfire  period,  burned  and 
oirol  sites  were  frequently  surveyed. 

or  the  estimation  of  soil  microbial  activity, 
eldrogenase  activity  was  taken  as  parameter 
Uhard  1955). 

itrate  content  of  the  soil  was  estimated  using 
ii«phenoldisulphonic  method  (Barker  1974).   For 
iMdetermination  of  nitrifying  capacity,  dried 
all  samples  weighing  20  g  each  were  placed  in 
iiBTs,    brought  to  60  percent  of  field  water 
apcity,  and  kept  in  the  dark  (25+1°  C)  for  21 
ly.   The  nitrifying  capacity  was  calculated  from 
ledifference  in  the  nitrate  content  at  the 
ignning  and  the  end  of  the  21-day  period;  it  was 
Jtnated  every  second  month. 


i'resented  at  the  Symposium  on  Dynamics  and 
iDiement  of  Mediterranean-type  Ecosystems,  June 
h'-3,    1981,  San  Diego,  California. 

-.ecturer  and  Professor  of  Ecology,  respec- 
i-V.y,  University  of  Thessaloniki ,  Thessaloniki 
■ei:e. 


Abstract:   Soil  microbial  activity,  measured  as 
dehydrogenase  activity,  nitrification,  and  CO 
release  from  the  soil,  showed  that  decomposers  of 
phryganic  ecosystems  are  adapted  to  fire,  since  no 
serious  perturbations  occur.   Nitrifying  capacity 
is  increased  while  total  soil  metabolism  remains 
constant  during  the  first  postfire  year  but  in- 
creases during  the  second  year. 


Soil  metabolism  was  measured  by  the  inverted 
boxes  technique  (Witkamp  1966,  Coleman  1973).   We 
used  aluminum  cylinders,  20  cm  high  and  10  cm  in 
diameter,  in  which  a  50-ml  beaker  contained  20  ml 
1  N  KOH.   Ten  24-hour  measurements  were  made  every 
20  days  in  the  burned  and  unburned  sites. 


RESULTS  AND  DISCUSSION 

Microbial  Activity 

Using  as  parameter  dehydrogenase  activity,  we 
found  that  microbial  activity  (fig.  1)  in  the 
first  3  cm  of  soil  shows  no  difference  between 
burned  and  unburned  soils.   However,  the  disadvan- 
tages of  this  method  must  be  always  taken  into 
account,  since  general  biological  parameters  are 
involved,  such  as  activity  of  free  enzymes  re- 
leased by  lysed  microorganisms  or  plant  roots,  or 
enzymes  excreted  by  integral  microbial  cells,  and 
meso-  and  microfauna. 


Nitrification 

The  monthly  changes  in  the  nitrate  content  of 
the  upper  3  to  5  cm  of  the  soil  is  shown  in  figure 
2.   In  general,  the  burned  soil  contains  more 
nitrates  than  the  unburned ,  during  the  whole 
period  of  measurements.   This  difference  can  be 
interpreted  in  terms  of  either  a  more  intense 
nitrification  process  in  the  burned  site  or  in- 
creased nitrate  removal  due  to  the  higher  plant 
biomass  absorbing  it  in  the  unburned  site. 

In  order  to  test  these  tiro  hypotheses,  we  esti- 
mated the  soil  nitrifying  capacity  in  the  labora- 
tory.  The  results  given  in  figure  3  show  that 
immediately  after  fire  the  nitrifving  capacitv  is 
low;  but  soon  it  increases  and  remains  higher  in 
the  burned  site  throughout  the  2-year  postfire 
period . 

In  conclusion,  the  nitrification  process  is 
active  and  even  more  intense  after  fire;  this  con- 
tradicts results  by  Christensen  (1973)  and 
Christensen  and  Muller  (1975),  but  agrees  with 
data  provided  by  DeBano's  research  team  (DeBano 
and  others  1979,  Dunn  and  others  1979). 


Total  Soil  Metabolism 


Results  dealing  with  total  soil  metabolism, 
measured  as  CO   released  frcm  the  soil,  are 


H-lxh.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
Kuent  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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Figure    1 — Soil  microbial   activity   of    a  phryganic 
ecosystem    (burned   and   unburned)    during    the   period 
of    August    1976   to   June    1978. 
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Figure    2 — Nitrate   content    in   the    upper   3    cm   of    the 
burned    and    unburned    soil    of    a   phryganic    ecosystem. 
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Figure  3 — Nitrifying   of    the  burned    and   unburned 
phryganic   soil. 
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Figure  4 — Total  soil  metabolism  measured  as  C0„ 
released  from  the  burned  and  unburned  site  of  the 
phryganic  ecosystem. 
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are  presented  in  figure  4.   A  strong  seasonality 
is  observed,  characterized  by  high  values  at  the 
end  of  spring  (when  temperature  ceases  being  a 
limiting  factor)  and  autumn  (when  drought  is  no 
more  a  limiting  factor). 

Statistical  tests  (t-paired)  have  shown  that 
soil  respiration  in  the  first  postfire  year  does 
not  differ  in  the  burned  and  unburned  sites. 
Herman  and  Kucera  (1975)  came  to  the  same  conclu- 
sion for  Missouri  grasslands.   During  the  second 
postfire  year,  total  soil  metabolism  is  higher  in 
the  burned  site.   If  we  consider  the  outgrowth  of 
herbaceous  plants  during  the  first  postfire  year 
and  the  subsequent  production  of  easier  decompos- 
able litter  offered  to  the  decomposers  subsystem, 
we  can  explain  in  some  degree  the  above-mentioned 
increase  in  the  total  soil  metabolism. 
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utrients  and  Water  Relations  in 
lediterranean-Type  Ecosystems' 

lilip  C.  Miller^ 


Abstract:       Mediterranean     regions    of    the    world    are 
characterized    by   winter    rain,    summer    drought 
precipitation    cycles    and    by    their    generally    low 
nutrient    status.      This    paper    reviews    concepts 
relating    to    water    and   nutrient    use    by   vegetation 
in    these    reg  ion  s  . 


The    broad    correspondence    between    the 
ierophyllous    shrub    form    and    the    climate    in 
Sdi  t  erranean-t  ype    ecosystems    indicates    a 
cimat ic    control    over    the    vegetation    particularly 
kth    respect    to    the    summer    drought,    but    all     five 
t?ions    are   noted    for   nutrient    deficiencies, 
Eaecialiy   Australia    and    South    Africa.      As 
Sidies    of    these    ecosystems    are    completed, 
divergences    related    to    the    control    of   community 
sructure,     function,    and    form    are    becoming 
a^arent.      Differences    in    species    composition    and 
p)wth    form    are    apparent    on    nutrient    poor    and 
bie    rich    sites    (Specht    and    Moll     1981).       The 
uili  t  erranean    type    ecosystems    in    South    Africa    and 
A;tralia    are    generally   considered   nutrient    poor 
r  ative    to    the   med  i  t  erraneai  -  t  ype    ecosystems    in 
C  le,    the    United    States,    and    the   Mediterranean 
A-a.      Tn    Australia    phosphorus    limitation    is 
aiiumed    to    have    selected    for    sc  lerophy  1 1  y ,    which 
P'adapted    the    flora    to    the   more    recent    summer 
d>ught    climate    (Beadle    1954,    Specht     1979      Moll 
al   others    1981).       In    South   Australia    the 
orstory   vegetation     is    believed    to    be    evergreen 
b  ause    of    climate,    while    the    understory    is 
e  rgreen    because    of   nutrient     impoverishment 
(  echt    1972).       In    California    the    overstory    is 
b' ieved    to    be    evergreen    because   of    climate,    and 
t!    understory    is    deciduous    because    of 
m  roclimate  near    the    soil    surface    (Miller    1981). 
Nirient    deficiencies    have    been    suggested    to 
e:lain    other    aspects    of    the    community    structure 
irthe   mediterranean-type    ecosystems;    such    as 
sicession     following    fire    (Specht     1972),    species 
r  hness    in    South    Africa    and   Australia    (Kruger 
1-9),    the    distribution    of    fynbos    and    heathlands 
irSouth   Africa    and   Australia   over    a   wide    range 
Jlc-rnual    precipitation    (300-3000   mm/yr)    (Specht 
1'9),    aid    specialized    morphological    structures 
Cluont     1972,     1973,    1980,     1981). 
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In    contrast,    in    California    and    Chile    the 
length    of    the    summer    drought     is    thought     to 
caitrol    sclerophylly    (Miller    1981).       Evergreen 
sc lerophy 1  I ous    shrubs    are    believed    to   occur    in 
California    where    the    length    of    the    soil    drought 
is    about     100    days    or    less    (Miller    and    Mooney 
1974).    In    California    the    leaf    area    index    develops 
until    water    use    by    the    chaparral    creates    a 
drought     lasting    about    100    days    (Miller    and    Poole 
1981).       In    Australia    evergreen    shrubs    moderate 
water    use    so    that     the    period    of    summer    soil 
drought     is   minimized    (Specht     1972);    water    is    then 
available    throughout    the    summer    to    support 
photosynthesis    aid    growth    in    summer.       In    some 
regions    of    high    annual    precipitation     in    South 
Africa    aid   Australia,    the    soils    are    either    rocky 
and    sandy   or    are    underlain    by    a    hardpan  ,    so 
periodic    drought     is    possible    in    spite    of    high 
ra  in  fal 1  . 

The    objective    of    this    paper    is    to    review 
concepts    of   nutrient    aid    water    relations    in 
mediterranean-type    ecosystems,     indicate 
interactions    between    the    two,    iTi  d    suggest 
possible   needs    for    future    research. 


SOIL-PLANT   NUTRIENT    RELATIONS    IN 
MEDITERRANEAN-TYPE    ECOSYSTEMS 

The    role    of   nutrients,    especially    phosphorus, 
in    determining    the    vegetation     in 

med i t er ran ean - t ype    ecosystems    has    been    emphasized 
in    Australia    and    South    Africa    (Kruger    1979. 
Specht     1979).       Specht    (1979)    argues    that 
nutrients,    rather    than     light    or    soil    moisture, 
cause    succession     in    medi  t  erraiean-t  ype 
ecosystems.       In    South    Australia,    the    herbaceous 
component     in    heath    increased    ;ifter    fertilizing 
with    phosphorus    (Specht     1963).       In    California, 
fertilizing   with   nitrogen    and    with   nitrogen    plus 
phosphorus    increased    shrub    aid    herb    growth. 
Fertilizing   with    phosphorus    alaie    had   no    effect 
(Hellmers    and    others    1955,    Kummerow   unpublished 
data.    Miller    unpublished    data).       Nitrogen 
fixation    by   Ccanothus    species   may    be    important     in 
northern    California    (Delwiche    and    others    1965, 
Gray    aid    Schlesinger    1981)    aid   may    increase 
Ceanothus    abindance    on    nitrogen    poor    sites.       But 
in    mature    chaparral     in    southern    California 


•« Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
•»F  mem  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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nitrogen     fixation    by   C.    greggi  i     is   negligible 
(Kutnmerow   and    others    1978b).       Christensen    and 
Mullcr    (1975a)    concluded    that    nutrients    enhanced 
seedling    survival    but    not    seed    germination.       They 
also    showed    that    nitrate    was    washed    from    the 
canopy   with    the    first     rain     in     the    fall    and    that, 
following    fire,    nutrients    were   most    available 
near    the    soil     surface.       The   nitrate    washed    into 
the    soil     in    the    fall     is    subject     to    leaching    by 
the   winter    rains    before    root    growth    and   nitrogen 
uptake    begin.       In    the    chaparral    root    growth 
occurs    after    February    and   nitrogen    uptake    occurs 
in    March    and    April     (Kummerow   aid    others    1978b, 
Mooney    aid    Rundel     1979,    Shaver    1981).       The    soil 
chemistry    affecting    leaching    is    unknown     in 
chaparral.      Nitrification    occurs    in    chaparral 
soils    (Marion    and    others    1981). 

The    few  experiments    that    exist    on    species 
interactions    in    chaparral     indicate    competition 
for  nutrients.       In    a    stand    composed   mainly    of 
C^.    greggi  i    and    A.     f  asc  i  cu  1  at  um  ,    eliminating    ail 
A,,     fasc  icu  I  at  um    increased    herb    production,    but 
eliminating    C.    greggi  i    and    leaving 
A.     fasciculatum    gave   no    change    in    herb 
production.       Eliminating    C.    greggi  i     increased 
A^.     fasc  icu  1  at  um    production    slightly    but    decreased 
the    growth    of    individual     shoots    (Kummerow 
unpublished    data).       In     fertilizer    experiments, 
nitrogen    addition    also    increased    shrub    production 
but    decreased    the     individual     shoot    growth 
(Kummerow   et    al.    unpublished    data).       These 
experiments    taken    together    indicate    that    higher 
available    nitrogen,    either    from    fertilization    or 
from    eliminating    competitors,     increases 
production    not     by    increased    shoot    growth    but    by 
increased   numbers    of    individual     shoots    per    square 
meter.       Additionally,     it     appears    that     C.    greggi i 
may    suppress    the    growth    of    A^.     fasc  iculat  um    by 
more    effective   nitrogen    capture,    while    the 
opposite    does   not    appear    to    occur.       The    latter 
conclusion     is    consist»>nt    with    a    higher  nitrogen 
capture    ability    of    C.    greggi  i     relative    to 
A.     fasciculatum    (Zinke    1977,    Miller    1981)    but    was 
unexpected    because    Ceanothus    species    can     fix 
nitrogen    under    some    conditions    (Delwiche    and 
others     1965,    Gray    aid    Schlesinger     in     press). 
Because    of    their    capacity    to    fix   nitrogen, 
Ceanothus    species    could    be    poor    at     taking    up 
mineralized    nitrogen.       Adenost  oma    fasciculatum 
tends    to    occur    on     low  nitrogen    sites    (Zinke    1977, 
Marion    .m  d    others    1981). 


SOII.-PLANT   WATFR    RELATIONS    IN    MEDITFRRAKEAN    TYPE 
FCOSYSTEMS 

The    ainual     pattern    of    soil    drouglit    and    air 
temperature    along    ai    elevational     transect     from   0 
to    2    000   m    in     southern    California    was    calculated 
from    the    annual    courses    of    precipitation    and 
potential    evapot ran sp i rat  ion    (Miller    1979).       Such 
a    pattern    was    postulated    by    Mooney    and    others 
(1972)    aid    Mooney    aid    Dunn    ( 1970a, b).       Xylem 
pressure    potentials,    which    were   measured    to    check 
the    calculations    (Poole    aid    Miller    1981), 
decreased    earlier    in     the    summer    at     the    coastal 


and    desert    edges    of    the    chaparral    and    later 
toward    the    center    of    the    chaparral.       Poole    and 
Miller    (1975)    showed    that    xylem    pressure 
potentials    of    Rhus    spp.    and    Heteromeles 
arbutifolia    decreased    earlier    at     the    coast    than 
in    the    center    of    chaparral.       The    pattern    of 
drying   was    affected    by    the    vegetation    cover 
(Miller    aid    Poole    1980).       At    the    edges    of    the 
distribution,    water    use    was    about    200   mm/yr    per 
unit     leaf    area    index    (A    )    which    occurred    with 
precipitation    of    about    AOO   mm/yr.       Soil 
evaporation    and    interception     losses    account     for 
the    remainder    of    the    precipitation.      With    higher 
precipitation    the    leaf    area    index    increases    un  t  i 
the    resulting    transpiration    rate    decreases    to 
about     200   mm/yr/A  Without    disturbance, 

chaparral    vegetation    should    develop    until    the 
water    use    per    unit     leaf    area    and    the    duration    of 
the    summer    soil    drought     are    similar    throughout 
the    distribution    of    the    chaparral.      The    result  in 
period    of    summer    drought    should    be    about    3   month 
long.       This    hypothesis    is    consistent    with    the 
patterns    of    water    aid    soil    drought    measured    un de 
the    vegetation    of    pole-    aid    equat or- f ac in g    slope 
at    Echo   Valley    (Miller    aid    Poole    1979;    Ng    and 
Miller    1980)    aid    with    the    pattern    of    several     lea 
properties    (Poole    ;n  d    Miller    1981). 

A   pattern    of   moderate    water    use    would    allow 
sufficient    water    throughout     the    drought    period 
for    phot  osy!i  t  hes  i  s    to   offset    maintenance 
respiration    aid    allow    for    growth    (Specht 
1972a, b).       Walter    (1973)    pointed    out     the    evennes 
of   water    potentials    in    deep    rooted    evergreen 
shrubs    in    mediterranean    type    regions.       These 
findings    are    consistent    with    the    pattern    of    wate 
use    on    the    equat or- f ac in g    slope    at    Echo   Valley 
(Ng    aid    Miller    1980)    which    was    dominated    by    a 
single    species,    A.     fasciculatum,    with    the    patter 
of    water    use    in    Q.    dumosa    aid    R.    ovata,    aid    with 


the    pattern    of    water    use    in     the    Chilean    shrubs. 
Rhus    ovata    also    has    a    high    temperature 
requirement     for    growth,    similar    to    Australian 
shrubs    (Specht     1969a, b).       The    Chilean    shrubs 
appear    to    have    low    temperature    requirements    for 
growth    (Jacob son    and    others    198  1).       Specht  's 
suggestion     is   not    consistent    with    the    pattern    of 
soil    moisture    on     the    poli'-facing    slope    which    is 
dominated    by    several    evergrein     species    including 
A.    glauca    aid    C.    greggi i.       Thus,    the    patterns    of 
water    use    must    be    viewed    in     the    context    of 
various    physiological    characteristics    aid    tht- 
floral    history    of    the    area.       The    Australian 
mediterranean    vegetation    has   no    cool     temperate 
species,    but     such    species    are    pri'sent     in    the 
chaparral    aid    matorral     because    of    the   migration 
of    the    flora    during    the    Pleistocene    (Axelrod    aic 
Raven     1978;    Solbrig    aid    others    1977).       The   need 
for    conserving   water    is   more    important     for 
species    with    high    temperature    requirements    for 
growt  h . 

In  Califoniian  ch  a  pa  r  ra  1,  t  ran  sp  i  rat  i  on  in  tht 
evergreen  shrubs  varied  seasonally  (Miller  aid 
Poole  1979).  Although  leaf  conductances  were 
high  in  winter,  transpirat  ion  was  low  because  ni 
radiation    was    low    and    vapor    density    deficits    we 
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lal  I  .       In     the    spr  ing,  t  ran  spi  rnt  ion     increased 

cause    of    increased    daylength,    since    leaf 

nductances    aid    vapor    density    deficits    were 

arly   constant.       In    June    and    July,  transpiration 

creased    because    leaf    conductances    decreased, 

en    though    vapor    density   deficits    increased. 

ctostaphylos    glauca    showed    a    complete    cessation 

transpiration     for    almost    2.5    months.       Rhus 

;  at  a ,    H.    arbutifolia,    aid    C.    greggii    showed    no 

lanspiration     for    about     1    month.       Similar    ainual 

|ttenis    were    shown     for    heath    in    South    Australia 

Ipecht    1957a).       In    mature    shrubs    transpiration 

-1-2 
:ring    spring    was    0.7-2.0    mm    day        m        of    leaf 

[ea.      Annual    water    use    on    a    square   meter    of    leaf 

tsis    was    150-190   mm/yr    from   A.    f asc icu I  at  urn , 

15-195    from   C.    greggii  ,    280-"2"90    from   A.    gT7uca, 

i    127    from    R.    ovata    (Miller    and    Poole    1979). 


Several    sets    of    measurements    and    calculations 
iicate    that    chamise    chaparral,    grasslands,    and 
e    soil     lose    water    similarly   while   mixed 
"fiparral    loses   more    water    (Shachori    and    Nichaeli 
1.5,    Miller    and    Poole    1979,    Miller    and    Stoner 
19,    Ng    and    Miller    1980,    Patric    unpublished 
d' a )  .       In    simulations    t  rai  sp  i  rat  ion  al    water    loss 
i   reased    with    foliage    area.       Soil    evaporation 
d  reased   with    foliage    area    and    was    200-300   mm/yr 
ii  southern    California    and    about    200  mm/yr    in 
:  tral    Chile.      Total    evapot ran spi rat  ion    from    the 
vetation    and    soil     increased    with    foliage    area 
ii  ex    in    species    which    had    high    transpiration 
res    but    remained    constant     in    species   which    had 
Berate    or    low   transpiration    rates.       In    these 
1   ter    species    increased    t ran spirat ion al    losses 
B' e    compensated    by   decreased    soil    evaporation. 
N  rogen    release    decreased    as    foliage    area 
iirtased,    because    the    additional     foliage    area 
ir  reased    transpiration    which    decreased    the 
H' liable    soil    moisture    and    therefore    the    length 
Jthe    decomposition     season. 

With    relatively    low   precipitation 

i<400   mm/yr)    only    low    foliage    areas    can    be 

intained    (<    2.0   m    /m    ) ,    soil    evaporation     is 

lih,    and    the    t  rai  spi  rat  ion  :  prec  i  p  i  t  at  ion    ratio 

is'low.       In    simulations    as    the    foliage    area    index 

,  ?      2 

mreased    from   0    to    2   m'^/m    ,    soil    evaporation 

Itreased    to    two-thirds.      A    similar    relatiai 

•fveen    t  r  an  sp  i  rat  iai    and    annual    precipitation 

ic  been    noted    for    grasslands    and    other    semiarid 

£is    (Fischer    aid    Turner    1978;    Sims    and    Singh 

95).       Based    on     field    observation     in     southern 

Isifomia    and    theory,    an    annual    precipitation    of 

'C-450   mm/yr    is    required    to    maintain    a    foliage 

iri    index    of    about    2    in    the    chaparral    (Miller 

m   Poole    1981).       Thus,    with    precipitation    below 

ibit    400   mm/yr    transpiration    can    be    expected    to 

iP'ease    rapidly   with    decreasing    precipitation. 

ib/e   450   mm/yr    precipitation    the    foliage    area 

^  h   can    be    maintained    is    limited    by    the 

''^  osyii  t  hes  i  s- 1  ight     responses    of    the    species    and 

P      turnover    during    the    drought.       Transpiration 

:   s   imited    by    foliage    area,    and    the 

r  spirat ion : pec i pi t at  ion    ratio    decreases    while 

r  n  age    increases    as    precipitation     increases 

b  e   450   mm/yr. 


The    low    t rai sp i rat i on : prec i p i t al i on    ratio 
(transpiration    efficiency)    of    chamise    chaparral 
at     low   elevations    and    on    drier    sites    and    the 
higher    ratio   of   mixed    chaparral    at    mid-elevations 
and    on    more    mesic    sites    arc    consistent    with    the 
theoretical     trends.    The    matorral     stands    at    Fundo 
Santa   Laura   have    relatively    low   transpiration 
efficiencies    because    of    relatively   high 
precipitation    aid    low  net     radiation     in    winter. 
Because    of    its    shade    intolerance,    chamise 
chaparral    has    a    relatively    low    foliage    area 
index,    high    soil    evaporation,    and    relatively    low 
transpiration    efficiency.       The    low    transpiration 
efficiency    of   matorral     is    caused    by    the    low 
foliage    area.       Similar    constraints    are    expected 
to    reduce    transpiration    efficiencies    in    other 
Southern    Hemisphere   med i t er raiean    climate    regions 
compared    to    Northern    Hemisphere    regions.       In 
contrast     to    the    evergreen    shrubs,    the 
transpiration    efficiency   of    the    drought 
semidec  iduous    shrubs    decreases    with    increasing 
precipitation.      With    respect    to    elevation,    the 
maximum    t rai  spi rat  ion    efficiency   of    a    species 
occurs    at    elevatiotis    below   those    at    which    the 
maximum   abundance    of    the    species    occurred, 
supporting    the    generality    for    mediterranean-type 
ecosystem    that    water     is    the    limiting    factor    at 
the    lower   elevational     limit    of    a    species. 

Year-to-year    variations    in    precipitation 
affect    transpiration    efficiencies    because    leaf 
growth    occurs    after    the    period    of    receipt    of    the 
precipitation    and    varies    less    thai    does 
precipitation.       The    simulated    response    of 
production     to    precipitation    was    flatter    than    the 
usual    production-precipitation    relations    in    arid 
regions    (Chang    1968,    Whittaker    1975)    and   was 
flatter    at    Fundo    Saita    Laura    than    at    Echo    Valley. 
The    flatness    of    the    response    was    partly   due    to 
the    low    fraction    of    annual    precipitation    received 
during    the    growing    season. 

Other    plant    characteristics    should    correlate 
with    the    precipitation    gradient.      Transpiration 
and    the    t  ran  sp  i  rat  ion  :  prec  i  pi  t  at  i  on    ratio 
increase    with    high    leaf    conduct  aic es ,    steeply 
inclined    leaves,    narrow    leaves,    high    leaf 
ref lee t  aices ,    aid    high    leaf    area    to    dry   weight 
ratios,    which    increase    soil    shading.       With    low 
precipitation    (<    AOO   mm/yr)    and    low    foilage    area 
index,    rapid    use    of    water    by    plants    is 
advaitageous    because    otherwise    the    water    is 
evaporated.       Because    the    soil    drought     is 
lengthened    by    the    soil    evaporation    aid    high 
transpiration    rate,    drought    deciduous    species    are 
favored.      The    advantage    of    steep    leaf    inclination 
is    balanced    against    the    advantage    of    shading    the 
soil    surface    aid    reducing    soil    evaporation.      At 
higher    precipitation     levels    (>    550   mm/yr)    water 
is    lost    by   drainage;    transpiration    is    increased 
with    higher    leaf    conductances;    the    length    of    the 

drought     is    short.       Leaf    width,     inclination,    aid 
color    can    be    more    variable    without    affecting 
water    loss.      At     intermediate    precipitation    levels 
(400-550   mm/yr)    the    composition    of    the    vegetation 
changes    the    length    of    the    soil    drought    by   changes 
in    the    abundance    of    species   with    different    leaf 
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conductances    aid    different     leaf    area    indices. 
The    t ranspirat ion : prec ipi t at  ion    ratio    is 
controlled    by    the    vegetation    composition    and    can 
be    rel at  ivel y   high . 

The    expected    trends    in    water    relations    occur 
in    chaparral    and   matorral    species    (table    1). 
Maximum    leaf    conductaices    of   Californian    species 
arranged    from   highest     to    lowest    were: 
A.    califomica,    Salvia    apian  a,    A.    glauca, 
C.    greggii,    A.     fasc  iculat um,    Q.    dumosa,    and 
^.    ovat  a.       The    sequence    of    species    was    similar 
Tor    the   min  imum   xylem    pressure    potentials,    for 
the    duration    of    low   pressure    potentials,    and    the 
variability   of    pressure    potentials    through    the 
year.       Osmotic    concentrations    at    turgidity    were 
similar    aid   moderate,    ranging    from  -2.0    to 
-3.0   MPa.      The    depth    of    rooting    probably    also 
increases    in    the    same    sequence.       Artemis  ia 
califom  ica,    S^.    apiana,    C.    greggii  ,    and   A.    glauca 
are    recognized    as    shallow    rooted,    while   Q.    dumosa 
and    R.    ovat  a    are    thought    to    be    deep    rooted 
(HelTmers    aid   others    1955;    Kuramerow   and    others    in 
press).      The    sequence   of    species    also    segregate 
obligate    seeders    and    sprouting    shrubs.       The 
sequence   occurs    along    a   gradient    of    increasing 
annual    precipitation.       Different    patterns    of 
reproduction    may    reinforce    the    patterns    of 
water-use    characteristics.       Seedlings    and 
resprouts    have    different    water    environments    when 
young.      Schlesinger    and    Gill    (1980)    showed    lower 
water    potentials    during    the    summer    in    seedlings 
than     in    mature    individuals    of    Ceanot  hus 
megacarpus.       Radosevich    and    others    (  1977  ) 
indicated    that    resprouts    of    A^.     fasc  icu  latum 
generally   had    higher    water    potentials    than    the 
un  burned    control    vegetation.       The    higher    soil 
moisture    under    Banksia    om  at  a    (Specht     1957b)    aid 
decreased    water    use    with    reduced    stem   densities 
of   Acacia    aneura    (Pressland    1976)    appear    to    be 
consistent    with    the    expected    interaction    between 
leaf    area,    leaf    conductance,    aid    water    loss. 

The    Chilean    species,    arranged    by  maximum    leaf 
conductance    from    highest     (about    0.5    cm/s)    to 
lowest    (about    0.15    cm/s),    are    S.    gilliesii. 
T.    trinervis,    C.    odorifera,    0.    saponaria, 
C.    alba,    and    L.    caustica.       The    sequence    was 
similar    for    the    lowest    xylem   pressure    potentials 
measured    but    was   not    as    consistent    as   with    the 
Californian    species.       Rooting    depth   may    be 
similarly    arrayed    in    the    Chilean    species    (Avila 
and    others    1975,    Giliberto    and    Estay    1978).      The 
sequence    is   not    as    clearly    related    to 
reproductive    patterns    as    with    the    Californian 
shrubs  . 

The   maximum    leaf    area    index   which    could    be 
maintained    with    different    annual    precipitation 
amounts    was    estimated    by    simulations    (Miller 
1981).       These    leaf    area    indices    increased    as 
pr(>c  i  pi  t  at  ion     increased    to    about    AOO   mm/yr   with 
the    Californian    shrubs    and    to    350   mm/yr   with    the 
Chilean    shrubs.       The    calculated    steady    state    leaf 
area    indices    were    similar    to    those    measured    in 
the    field    (Miller    and    Poole    198C). 


INTERACTIONS    BETWEEN    NUTRIENTS    AND   WATER 

The    available   nutrients    and    water    and    the    rate 
of    turnover    of    leaves    and    stems    affects    the 
biomass    that    can    be    supported.      The    steady    state 
biomass    (B)    can    be    expressed    in    terms   of    the 
precipitation    (Ppt),    transpiration    efficiency 
(Tr/Ppt ) ,    water-use    efficiency    (P    /Tr) , 
maintenance    and    growth    respiratory   costs    (r    ^ 
r    ),    and    leaf    longevity    (    )    by 


B  =    (Ppt)    (Tr/Ppt)    (P    /Tr)/(r      +    r 
s  m  s 


) 


Eq. 


Annual    precipitation    and   nitrogen    taken    up   by 
the    vegetation    should    be    interrelated.       In    the 
steady    state   nitrogen    taken    up   must    equal    that 
lost    as    plant    parts    are    shed.       Thus, 
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where    N         is    the   nitrogen    taken    up,    and   N,    is    the 

up  u 

n i t rogen    con t en t    of    plant     parts    at    death. 

Equations    1    and    2    indicate    that    the    steady    state 
biomass    should    increase    by   400-500    g/m'^    for   every 
100   mm/yr    increase    in    ainual    precipitation    and   by 
about    400    g/m'^    for    every    additional    g  N  m        yr~ 
taken    up.       Increasing    leaf    longevities   more    than 
2    years    have    smaller   effects    on    the    steady    state 
biomass    than    increasing    leaf    longevities    from 
I    to    2    years.       Within    a    precipitation    regime    leaf 
longevity    should    increase    in    accordance    with 
nitrogen    limitation    because    turnover    rate    is   more    m 
closely    related    to  nitrogen    uptake    than    to 
prec  ipi  t  at  ion  . 


Interactions    between    water    and   nitrogen 
availability    can    be    calculated.       A    gram   of 
nitrogen    taken    up    aid    incorporated    into 
aboveground    tissue    yields    an     increment    of    about 
166    g    dry    weight /g    N   of   new   biomass.       Leaf    area 
is    increased    by    about    0.004   m      /g    jry   weight, 
although    some    of    the   new   biomass    is    in    stems. 
This    increment    of    leaf    area    increases 
transpiration    by    about    0.67    kg    day"      g~      N. 
Allowing    for    the    dry   weight    aid    water    costs 
involved    in    the    growth    of    the    leaf    area,    the  net 
increase    in    transpiration     is    about    0.33    kg   day 
g         N.       The    increased    transpiration    decreases    the, 
length    of    the    season     in    which    soil    moisture    is 
available.      The    length    of    the    growing    season 
changes    with    transpiration    according    to    the 
amount    of    water    available    divided    by    the    square 
of    the    daily    evapot ran spi rat  ion     rate.       Thus,    the 
reduction     in    the    growing    season    because    of    added 
nitrogen    would    be    about    0.33    x    38    or    12    days    per 
gram  nitrogen    taken    up    by    the    chaparral     in 
southern    California    and    by    about     10    days    per    gran 
nitrogen    taken    up    by    the   matorral     in    central 
Chile.      This    shortening    of    the    growing    season 
should    reduce    growth    by    about    48    g    dry   weight    m 
yr         in    southern    California    and    by   20    g   dry 
weight    m        yr~      in    central    Chile,    while    the 
increased   nitrogen    should    increase    growth    by 
about     166    g    dry   weight.       Thus,    net    growth    should 
increase    about     118    g    dry   weight/g   N    taken    up    in 
California    and    146    g   dry   weight/g   N    taken    up    in 


m 
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lile,    even    though    the    growth    period    is    limited 
t  temperature    and   water. 

Long    leaf    duration,    from   whatever   cause, 
"fects    the    availability   of  nitrogen.      The 
esence    of    ligneous    and    herbivore    defense 
impounds    can    reduce    the    quality    of    the    substrate 
>r   decomposition    and   mineralization.      The 
■lection    of    evergreen     leaves    by    the    seasonal 
litems    of    temperature    aid   water    availability 
ivors    leaves    of    about    1-year    duration    but    does 
it    necessarily    favor    leaves    with   more    than 
•year    duration.      The    evergreen    leaves    should 
ive    structural    modifications    to   maintain 
gidity    under   water    stress    and    to    reduce    the 
tensity    of    water    stress    (Beadle    1966;    Cutler 
d   others    1977).      According    to    heat    transfer 
leory,    such    leaves    should    be    rigid,    narrow, 
eeply    inclined,    and    light    colored    to    reduce 
Mlular    distortion,    plant    temperatures,    aid 
ranspiration    rates.       Small    cell    size    is 
Ivantageous    (Cutler    aid   others    1977).      Leaf 
'xigevities   may    increase   with  nitrogen    limitation 
■lonk    1966).      Although    evergreenness    caused    by 
itrogen     limitation    does  not    require    the 
laptations    to    survive    drought    (Beadle    1966),    the 
'?neral    biochemical    composition    of   nitrogen- 
iraited    leaves   may    be    similar    to    that    of    water- 
imited    leaves,    resulting    in    similar    sclerophyll 
idices,    which  are  based    on    lignin,    cellulose,    aid 
itrogen    content    (Loveless    1961).      Water 
limitation    creates    a   direct    need    for 
:lerophy 1 lous    tissue,    while    the   nitrogen    or 
hosphorus    limitation    may    reduce    protein 
)rmat  ion    due    to    low  nutrient    availability,    which 
ay    increase    cellulose    «i  d    lignin    formation 
?cause    of    excess    carbohydrate    (Loveless    1961, 
?adle    1966,    Steubing    aid   Alberdi     1973). 

Specht    and    others    (1981)    discuss    the 
^asonality   of    leaf    growth    and    leaf    drop    in 
istralia    and    South   Africa.      Their   opinions    are 
imilar    to    opinions    developed    in     studies    of 
laparral    and    matorral     in    California    and    Chile. 
ie    indications    are    that     if    water    limits    biomass, 
.■af    drop   will     follow    leaf    growth,    which    occurs 
1    most    evergreen     shrubs    in    California    and    Chile 
^'ooney    1977).       But     if   nutrients    limit    biomass 
id    growth,     leaf    drop    will    be    synchronous    with 
eaf    growth,    as    occurs    in    Que  re  us    sp.    and    in 
jstralia    aid    South    Africa    (Specht    aid    Moll 
981). 

Of    the    five    mediterranean    regions    of    the 
3rld,    the    mediterranean    region    of    central    Chile 
■i    re  1  at  i  ve  1  y  nut  r  ien  t     r  ich.  Veget  at  ion     is 
limatically    selected,    and    leaf    turnover    rates 
re    relatively   high.       In    southern    California    and 
3uthem    Europe,  soils    are    less   nutrient    rich,    but 
limate    is    still    a    strong    selective    agent;    leaf 
jmover    is    slower    than     in    central    Chile.       In    the 
?diterranean    regions    of   Australia    aid    South 
'frica   where    old,    nutrient    poor    soils    occur,    leaf 
jniover    is    lower    than     in    California    (Kruger 
?79,    Specht    1979,    Miller    and    others    unpublished 
at  a),    and    the    climatic    effect     is    reinforced    by 
itrient     limitations. 


In    South    Africa, pines    are    rapidly    invading 
undisturbed    fynbos,    and    pine    plaitations    on 
unfertilized    fynbos    soils    have    higher 
productivity    than    the   native    fynbos    or    thai    the 
pines    in    their  native    Northern    Hemispheric 
habitats    (Van    der    Zel    and    Kruger    1975,    Hall    and 
Boucher    1977).       Rough    estimates    indicate    that 
annually    the    pines    take    up    three    times    the 
nitrogen    as    does    the    fynbos    on    the    same    soil 
(Miller    aid    others    unpublished    data).       The 
Proteaceae    and    Restionaceae    lack   mycorrhizal 
associates    (Lamont     1981).       Experiments    with    tree 
seedlings    show   a  nearly    50-fold    increase    in 
growth    when    the    seedlings    are      inoculated    by 
mycorrhizae.       Proteoid    roots   may   merely 
compensate    for    the    reduced  nutrient    aid    water 
uptake    caused    by    the    lack   of   mycorrhizae.      The 
introduced    pines    have   mycorrhizae.       In    South 
Africa    at    least,    the    apparent    nutrient 
impoverishment    may  not    be    due    to    the    soil 
supplying    ability    but    to    the    plant    uptake 
abi I i  t  y . 

The    low   production     in    South   Africai     fynbos    and 
Australian    heath   may    also    be    due    to    high 
temperature    requirements    for    growth    (Specht 
1972).       Because    these    temperatures    occur    during 
the    summer    drought  ,    the    growing    season     is 
severely    truncated.       In    both    countries    the    flora 
in    the   med  i  t  erraneai    regions    has    evolved    from    a 
tropical     flora,    which    has   not    been     invaded    by 
more    polar    elements.       In    Chile,    California,    aid 
the   Mediterranean    Sea    regions,    a   more    polar 
floral    element    with    cooler    temperature 
requirements    for    growth    has   mixed    into    the 
vegetation    (Raven     1973,    Axelrod    and    Raven     1978). 
Temperature    limitations    cxi    growth    in    South    Africa 
aid    Australia    could    have    allowed    excessive 
leaching   of   nutrients    resulting    in     the    current 
nutrient    impoverishment    of   mediterranean-type 
ecosystems    in    these    countries.       The    Southern 
Hemisphere   med  i  t  er  rai  ean     regions    receive    less 
spring    precipitation    than    the    Northern    Hemisphere 
med  i  t  er  rai  ean     regions,    which    speeds    the    onset    of 
summer    drought     in    the    Southern    Hemisphere    (Miller 
1981).       The    low    production     in    South    African    and 
Australian    med  i  t  erran  eai     regions    may    also    be    due 
to   high   cloudiness    and    low    solar    irradiance 
during    the    winter    which    reduce    phot  osyn  t  het  ic 
rates.       A    limitation    on    photosynthesis    by    solar 
irradiaice    was    indicated    for    central    Chile 
(Miller    1981).       Thus,    the    plants    in     the    Southeni 
Hemisphere    may    enter    the    spring   with    lower 
carbohydrate    reserves    and    lower    growth    potential. 


RESEARCH    NEEDS 

In    spite    of    the    recognition    of    divergent 
causes    of    vegetation     form    in    med  i  l  erraieai-t  ype 
ecosystems,    functional    measurements    of   nutrient 
aid    water    availability   have   not    been    carried    out 
with    identical    techniques.      A   direct     functional 
comparison     is   needed.       Static    comparative    soil 
statistics,    which    are   now   becoming    available,    do 
not     show  great    differences    in     soil    orgaiic    matter 
content,    total    nitrogen',    available  nitrogen, 
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total     phosphorus,    avai labile    phosphorus,    percent 
base    saturation,    aid    pH   between    South    Africa, 
Australia,    California,    aid    Chile    (Thrower    aid 
Bradbury    1977,    Miller   et    al .    1977,    Kruger    1979, 
Boone    unpublished    data).       Earlier   measurements    of 
available   nitrop.en    and    phosphorus    in    California 
and   Chile,    which    are    often    cited    in    comparing 
mediterranean-type    regions,    are    rejected    because 
of    the    length    of    time   between    collection    and 
processing   of    the    samples. 

Direct    comparable   measurements    on    soil 
nutrient    supplying    power    and    plant    uptake    ability 
are   needed    to    define    the    controls    on    the 
composition    and    form   of   mediterranean-type 
ecosystems    in     the    five   mediterranean    regions    of 
the    world.       In    addition,    a    synthesis    of    these 
measurements    and    existing    data    is   needed    and 
should    lead    to    a   quantification    of   nutrient 
cycling,    its    control,    and    an    explanation    of    how 
nutrient    cycling    processes    deviate    in 
mediterranean-type    ecosystems.      Such    a    synthesis 
is    timely.       Much    descriptive    information    has    been 
collected    and    is    being    published    (Specht    1979, 
Kruger    1981,    Miller    1981).      Some    functional 
relations    have    been    established    for    some 
medi  t  erranean-t  ype    ecosystems    and    collated    in 
original    and    review   papers    (Kruger    aid    Siegfried 
1981,    Miller    1981).      The    communication    and 
cooperation    among    investigators    in    the 
med i t e rranean - t ype    ecosystems    is    good.       The 
synthesis    should    clarify    whether    the    similarity 
in    vegetation    form    is    ai  1  y   coincidently 
associated      with    the   mediterranean-type    climate 
but     is    caused    by    differences    in    soil     and    climate 
in    the    five    med  i  t  erraiean    regions. 
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(tjam  Water  Nutrient  Changes  Associated 
Vh  the  Conversion  of  Arizona  ChaparraP 


in  A.  Davis- 


Abstract:   Increased  streamflow  obtained  by 
converting  chaparral  watersheds  to  grass  is 
associated  with  increased  nitrate  concentrations 
in  the  stream  water.   Undisturbed  chaparral 
watersheds  are  tight  with  respect  to  nitrogen, 
losing  very  little  nitrate-nitrogen  in  streamflow; 
nitrate  concentrations  are  usually  less  than  0.5 
ppm.   Converting  chaparral  watersheds  from  deep- 
rooted  shrubs  to  shallow-rooted  grasses  through 
the  use  of  herbicides  allows  the  escape  of  nitrate 
ions  through  the  soil  mantle.   Nitrate  concentra- 
tions of  45-80  ppm  occurred  in  stream  water  from 
treated  watersheds;  nitrate  concentrations  remain- 
ed above  normal  for  10  years  or  longer. 


Streamflow  from  chaparral  watersheds  in  Arizona 
be  increased  under  certain  conditions  by 
/erting  brush  to  grass  (Hibbert  and  others 
74) .   In  conjunction  with  water  yield  investi- 
jcions  I  am  studying  the  effects  of  chaparral 
Icipulation  practices  on  stream  water  chemistry. 
Jl:  objective  of  the  water  chemistry  studies  is 
;c  identify  the  short-  and  long-term  effects  of 
;1  various  water  improvement  treatments  on  the 
:lTiical  composition  of  the  stream  water  and  of 
■A   watershed  soil  in  order  to  assess  their 
jiironmental  and  ecological  impacts. 

,A  mature  chaparral  ecosystem  is  normally  tight 
»;h  respect  to  plant  nutrients,  recycling  them 
dough  the  vegetation,  organic  debris,  microor- 
jiisms,  available  nutrient  supply,  and  the  soil- 
nk  compartments  of  the  ecosystem.   Killing  the 
j:  sh  could  prevent  the  normal  uptake  of  nutrients 
5;  that  vegetation  and  allow  the  dissolved  nutri- 
ii  s  to  escape  to  bedrock  and  into  subsurface 
noff. 

I  found  that  major  disruptions  occurred  in  the 
L'rogen  cycle  of  a  converted  chaparral  watershed, 
«  sing  marked  increases  in  nitrate  concentration 
lljVe  those  found  for  the  untreated  control 
Kershed.   The  accelerated  loss  of  nitrogen  was 
l<  accompanied  by  an  increased  loss  of  cations. 
Lhough  all  major  anions  and  cations  are  being 
I  died  and  play  important  roles  in  understanding 
:  biogeochemical  processes  involved  in  a  chapar- 
r  conversion,  only  major  aspects  of  stream 
'  er  nitrogen  losses  are  presented. 


EXPERIMENTAL  AREA 

The  experimental  chaparral  watersheds  are  on 
the  3-Bar  Wildlife  Area  in  the  Mazatzal  Mountains 
of  central  Arizona  at  an  elevation  of  4,000-5,000 
feet.   The  chaparral  is  predominately  shrub  live 
oak  (Quercus  turbinella)  with  a  mixture  of  other 
sclerophyllous  species  such  as  birchleaf  mountain- 
mahogany  (Cercocarpus  betuloides) ,  yellowleaf 
silktassel  (Garrya  flavescens) ,  sugar  sumac 
(Rhus  ovata) ,  hollyleaf  buckthorn  (Rhamnus  crocea) , 
palmer  oak  (Quercus  chrysolepis  var.  palmeri) , 
Emory  oak  (Quercus  emoryi) ,  pointleaf  manzanita 
(Arctostaphylos  pungens) ,  and  desert  ceanothus 
(Ceanothus  greggii) .   Sprouting  shrubs  predominate 
with  minor  occurrence  of  nonsprouting  species, 
producing  a  brush  crown  cover  of  about  70  percent. 
The  precipitation  pattern  is  biseasonal:   summer 
and  winter  precipitation  (with  occasional  snow) 
and  spring  and  fall  droughts.   The  driest  months. 
May  and  June,  are  followed  by  summer  monsoons 
beginning  in  July.   Annual  precipitation  at  the 
study  area  averaged  29  inches  over  the  past  24 
years. 

The  soils  are  very  gravelly  sandy  loams  derived 
from  granitic  parent  material.   They  are  classi- 
fied as  Udic  Ustochrepts,  from  the  loamy  skeletal, 
mixed,  mesic  family.   The  soils  are  slightly  acid 
and  very  permeable  with  infrequent  surface  runoff. 
Seismic  exploration  on  the  watershed  indicated 
the  coarse-grained  granite  was  weathered  and 
fractured  20  to  40  feet  deep. 


METHODS 


Presented  at  the  Symposium  on  Dynamics  and 
Iiagement  of  Mediterranean- type  Ecosystems,  June 
!-26,  1981,  San  Diego,  California. 

2 

Plant  physiologist.  Rocky  Mountain  Forest  and 

lige  Experiment  Station,  Forest  Service,  U.S. 
l)artment  of  Agriculture,  Forestry  Sciences 
'joratory,  Arizona  State  University,  Tempe, 
*-z.  85281.   Station  headquarters  is  in  Fort 
Mins  in  cooperation  with  Colorado  State 
I'-versity. 


Nutrient  losses  associated  with  chaparral 
conversions  are  being  studied  in  conjunction  with 
water  yield  experiments  using  the  paired  watershed 
approach.   Comparisons  between  treated  and  untreated 
watersheds  provide  a  basis  for  determining  treat- 
ment effects.   After  a  wildfire  swept  over  the  3- 
Bar  watersheds  in  June  1959,  watersheds  D  and  F 
were  allowed  to  recover  for  10  years,  at  which 
time  brush  cover  was  about  90  percent  of  its 
pre fire  crown  cover.   The  biomass  had  not  recovered 
to  the  same  extent.   Watershed  F  contains  68.39 
acres  and  D  contains  80.47  acres.   The  pretreat- 
ment  streamflow  calibration  period  began  in  1964 


'    Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
■riment  Station,  Forest  Service,  U.S.  Department  of  Agnculture;  1982. 
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and  lasted  for  5  years  prior  to  the  treatment  of 
3-Bar  F  in  February  1969.   3-Bar  D  serves  as  an 
untreated  control.   Precipitation  and  streamflow 
data  are  based  on  an  October-September  water 
year.   3-Bar  F  soil  was  treated  with  karbutilate 
granules  (20  lb.  active  ingredient  per  acre)  by 
helicopter.   After  3  years,  by  which  time  brush 
control  was  excellent,  soil  bioassays  indicated 
that  karbutilate  residues  in  the  soil  had  de- 
clined substantially,  and  the  watershed  was 
seeded  with  weeping  lovegrass  (Eragrostis  curvula) 

Streamflow  samples  were  collected  weekly  at 
the  gaging  station  weir,  and  more  frequently 
during  stormflow  periods.   Bulk  precipitation 
samples  (the  composite  of  wet  and  dry  fallout) 
were  collected  in  a  plastic  pail  within  the 
housing  of  a  recording  rain  gage.   The  samples 
were  analyzed  for  the  major  cations  and  anions 
including  nitrate  and  ammonium.   Only  nitrate 
results  will  be  reported  because  it  was  the  only 
ion  that  increased  significantly  after  treatment. 

Nitrate  was  determined  with  a  Technicon  Auto- 
Analyzer  II  utilizing  a  colorimetric  method  in 
which  nitrate  is  reduced  to  nitrite,  which  then 
reacts  with  sulfanilamide  to  form  a  diazo  com- 
pound.  This  compound  then  couples  with  N-1- 
naphthylenediamine  dihydrochloride  to  form  an 
azo  dye. 

Eleven  years  of  posttreatment  results  are 
presented,  which  include  a  wide  range  in  annual 
precipitation:   2  years  of  below- average  amounts 
(15,7  and  16.9  inches),  5  years  of  nearly  normal 
amounts  (19.8-30.8  inches),  and  4  years  of  very 
high  amounts  (44.3-53.1  inches). 


RESULTS 

Rainfall  following  the  February  1969  treatment 
was  ideal  for  leaching  the  karbutilate  into  the 
soil.   Rain  began  within  2  hours  after  the 
application,  and  showers  continued  for  the  next  5 
days.   Rainfall  after  the  treatment  totaled  2.59 
inches  in  February  and  1.64  inches  in  March.   The 
rainfall  pattern  was  ideal  for  producing  rapid 
injury  to  the  brush  in  the  spring. 

Although  the  actual  treatment  year  was  from 
mid-February  to  mid-February,  aberrations  in 
nitrate  concentration  did  not  occur  until  November 
1969,  well  into  the  treatment  year.   Data  are 
presented,  therefore,  on  the  basis  of  the  stan- 
dard October-September  water  year. 

The  pretreatment  data  indicate  that  stream 
water  chemistry  for  the  paired  watersheds  was 
very  similar.   With  26.3  inches  rainfall,  the 
annual  weighted  mean  nitrate  concentrations  were 
0.18  ppm  for  3-Bar  F,  and  0.10  ppm  for  3-Bar  D; 
nitrate  losses  were  0.06  lb/A  from  both  water- 
sheds (table  1) .   During  six  years  of  pretreat- 
ment calibration  data,  including  one  year  in 
which  chemical  composition  was  measured,  3-Bar  D 
outyielded  3-Bar  F  by  a  factor  of  1.8  although  it 
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is  just  1.2  times  larger. 

By  May,  following  the  February  treatment,  tl'i 
brush,  grasses,  and  forbs  on  3-Bar  F  were  sevei; 
injured,  and  an  early  treatment-response  increc 
in  streamflow  became  noticeable  and  continued 
throughout  the  spring  drought.   The  increase  ir 
streamflow  resulted  from  a  less  rapid  recessior 
of  base  flow  for  3-Bar  F  than  for  3-Bar  D. 
Because  there  was  a  soil  moisture  deficit  durir 
the  spring  drought,  the  small  amounts  of  rain 
received  during  the  summer  had  no  immediate 
effects  on  streamflow,  and  the  stream  water 
nitrate  concentrations  remained  normal.   The 
first  increases  in  nitrate  concentration  came 
flushes  in  November  and  December  1969  (1970  wa1 
year)  .   Nitrate  flushes  of  10  ppm  and  30  ppm  w(  ^'' 
associated  with  1.8-inch  and  2.1-inch  rainston 
Subsequently  during  the  year,  seven  additional 
rainstorms  of  1.0  to  7.4  inches  produced  elevai 
nitrate  concentrations.   The  maximum  concentra- 
tion was  55  ppm,  caused  by  a  7.4-inch  storm  in 
September  1970.   Annual  precipitation  during  1' 
was  30.4  inches.   The  dramatic  difference  in 
nitrate  release  patterns  that  occurred  as  a 
result  of  controlling  the  brush  is  tabulated  ii 
the  form  of  concentration  frequency  distribu-  ^'* 
tions  (table  2) .   Nitrate  concentrations  in  th< 
0-5  ppm  range  occurred  on  72  percent  of  the  da; 
The  annual  weighted  mean  nitrate  concentration 
was  16.1  ppm  (table  1).   By  contrast,  the  mean  _ 
nitrate  concentration  in  stream  water  from  the 
untreated  watershed  (3-Bar  D)  was  0.24  ppm.   Tl 
annual  nitrate  loss  from  3-Bar  F  was  12.8  lb/A 
while  that  from  untreated  3-Bar  D  was  only  O.Oi 
lb/A. 

During  the  second  year  (1971) ,  there  was  20 
inches  of  rain  and  only  four  major  nitrate  flu 
The  annual  mean  nitrate  concentration  was  5.5 
ppm;  79  percent  of  the  daily  concentrations  we: 
less  than  5  ppm  (tables  1  and  2) .  The  maximum 
concentration  was  30  ppm.  Nitrate  losses  from 
Bar  F  and  D  were  3.4  lb/A  and  0.04  lb/A,  respe 
ively , 

During  the  third  year  (1972) ,  the  area  re 
ceived  only  15.7  inches  of  rain  and  experiencei 
an  unusual  5-month  drought  from  January  throug! 
May.   A  4.2-inch  storm  during  the  last  2  days 
the  1971  water  year  (September  29  and  30)  prod 
a  flush  of  nitrate  with  a  peak  concentration  o 
69  ppm  that  dominated  the  entire  year.   The 
annual  mean  concentration  increased  to  25.5  pp: 
and  71  percent  of  the  daily  concentrations  ran 
from  5  to  40  ppm  (tables  1  and  2) .   The  annual 
nitrate  losses  in  streamflow  were  17.9  lb/A  fr 
3-Bar  F  and  0.03  lb/A  from  3-Bar  D. 

During  the  fourth  year  (1973),  the  area  re- 
ceived a  record-breaking  53.1  inches  of  rainfa 
and  provided  conditions  for  what  was  to  be  the 
maximum  annual  nitrate  loss  from  3-Bar  F  (tabl 
1) .  Nitrate  concentrations  in  the  stream  wate 
remained  high  during  the  entire  year;  75  perce 
of  the  daily  nitrate  concentrations  ranged  fro 
20  to  50  ppm  (table  2) .   The  maximum  concentra 


e  1 — Streamflow  nitrate  concentrations  and  losses 

converted  (3-Bar  F)  and  untreated  (3-Bar  D) 
arral  watersheds 


iYear 


Converted  (3-Bar  F) 


Precipi- 


tation 


Stream- 
flow 


Nitrate 


Concn. 


Loss 


Untreated  (3-Bar  D) 


Precipi- 


tation 


Stream- 
flow 


Nitrate 


Concn. 


Loss 


F/D  Nitrate 


ratio 


Concn. 


Loss 


reatment 

.969 

:treatment 

.970 

.971 

972 

973 
,.974 
L975 
iL976 
1977 
[L978 
\l919 
L980 

^treatment 
aal  means 


inches  - 


26.30 

30.80 
20.06 
15.74 
53.08 
19.83 
29.85 
30,18 
16.92 
44.29 
49.20 
43.38 

32.12 


1.40 

3.52 

2.66 

2.99 

15.07 

2.36 

3.21 

3.53 

0.82 

8.75 

13.66 

11.01 

6.14 


PPm 


0.2 


lb/A 


0.06 


-  inches  -  - 


26.60 


16.1 

12.84 

30.61 

5.6 

3.35 

19.50 

26.5 

17.90 

15.50 

33.0 

112.66 

52.68 

12.8 

6.82 

19.50 

13.2 

9.58 

29.12 

13.8 

11.02 

30.24 

5.2 

0.97 

16.86 

13.5 

26.72 

44.54 

13.8 

42.69 

49.59 

8.3 

20.70 

43.61 

2.63 

1.15 

0.46 

0.39 

11.44 


40 
64 


14.7 


24.11 


31.98 


1 
1 

1.86 
0.37 
8.55 
14.46 
9.84 

4.69 


ppm 


0.1 

0.2 
0.4 
0.4 
0.3 
0.6 
0.6 
0.3 
0.6 
1.0 
0.6 
0.6 

=  0.5 


lb/A 


0.06 

0.06 
0.04 
0.03 
0.74 
0.20 
0.20 
0.11 
0.05 
1.88 
1.92 
1.45 

0.61 


ppm 


29 


lb/A 


80 

214 

14 

84 

66 

597 

10 

152 

21 

34 

22 

48 

46 

100 

9 

19 

14 

14 

23 

22 

14 

14 

40 


I  Watershed  areas:   3-Bar  F,  68.39  acres;  3-Bar  D,  80.47  acres 

12 
Oct. -Sept.  water  year 

Weighted  precipitation  on  watershed 

i 
Annual  volume-weighted  mean  concentrations 

Arithmetic  mean  of  annual  volume-weighted  concentrations 

6 
Based  on  the  ll-year  posttreatment  annual  means 


1  was  60  ppm,  and  the  annual  mean  was  33  ppm. 

5  annual  mean  was  not  approached  again  during 
I  course  of  the  study.   During  this  high  rain- 

L  year,  the  nitrate  level  in  the  stream  water 

n  the  untreated  watershed  remained  low  (0.3 
i)  .  Nitrate  exported  in  streamflow  from  the 
|verted  watershed  amounted  to  112.7  lb/A, 

reas  that  from  the  untreated  watershed  was 
1/0.7  lb/A.   This  was  a  landmark  year  in  the 
|iy,  and  nitrate  concentrations  did  not  drop 
;dw  1  ppm  for  the  next  3  years. 

For  the  next  3  years  (1974-1976) ,  precipita- 
n  was  about  normal,  and  80-95  percent  of  the 
ly  nitrate  concentrations  had  fallen  back  to 

5-20  ppm  range  (table  2) .   Maximum  concen- 
tions  were  16.1  to  19.5  ppm;  annual  mean 
rate  concentrations  ranged  from  12.8  to  13.8 
;  and  annual  nitrate  losses  were  6.8  to  11.0 
A  (table  1) .   During  these  years  stream  water 
m  the  untreated  watershed  maintained  normally 
■i   annual  mean  concentrations  (0.3  to  0.6  ppm)  , 


and  annual  nitrate  losses  were  0.1  to  0.2  lb/A. 

The  eighth  year  (1977)  was  very  dry  (16.9 
inches  rainfall) ,  and  streamflow  volume  (0.82 
inches)  was  less  than  it  had  been  since  the  start 
of  the  study  (table  1) .   Seventy-five  percent  of 
the  daily  nitrate  concentrations  were  in  the  1-10 
ppm  range,  and  the  maximum  concentration  was  9.4 
ppm  (table  2) .   The  annual  mean  nitrate  concen- 
tration was  5.2  ppm,  in  contrast  to  0.6  ppm  for 
the  untreated  watershed.   Nitrate  loss  from  the 
converted  watershed  dropped  to  1  lb/A,  chiefly 
due  to  the  lack  of  adequate  rainfall  to  flush 
nitrate  through  the  watershed.   Likewise,  nitrate 
loss  from  the  untreated  watershed  was  low  (0.05 
lb/A) . 

The  3  most  recent  years  of  the  study  (1978- 
1980)  had  extremely  high  amounts  of  precipitation 
(44.3,  49.2,  and  43.4  inches,  respectively). 
Precipitation  and  streamflow  for  these  years  was 
exceeded  only  by  those  for  197  3  (table  1) . 
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Table  2 — Streamflow 

nitrate 

concentration  frequency 

i 

distributions  for  a 

converted  chaparral  watershed 

(3-Bar  F)  during  the  period 

1969-1980 

Nitrate 

Year  and 

posttreatment  ye 

;ar  numbe 

r 

concn. 

1969^ 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

u 

(ppm) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 

imber  of  days  per  year 

0-1.0 

365 

190 

154 

70 

5 

0 

0 

0 

91 

101 

0 

1.1-  5.0 

73 

135 

27 

4 

18 

27 

68 

115 

3 

35 

5.1-10.0 

37 

38 

31 

3 

91 

142 

83 

159 

104 

108      1 

10.1-20.0 

28 

29 

96 

78 

256 

196 

215 

157 

222      . 

20.1-30.0 

24 

9 

108 

97 

30.1-40.0 

6 

25 

57 

40.1-50.0 

2 

4 

53 

j 

50.1-60.0 

5 

2 

68 

60.1-70.0 

0 

3 

>45.0 

6 

6 

97 

ppm 

l' 

Max.  nitrate 

0.3 

56.0 

30.0 

69.0 

60.0 

16.1 

18.3 

19.5 

9.4 

17.6 

18.3       i; 

concn . 

■  „  _v 

leE 

Precipi- 

26.3 

30.8 

20.1 

15,7 

53.1 

19.8 

29.8 

30.2 

16.9 

44.3 

49.2     4 

tation 

ll 
il 

Oct. -Sep 

t.  wate 

r  year 

Pretreatment  year 

Because  of  the  3  consecutive  years  of  high  rain- 
fall, nitrate  flushing  continued,  and  the  annual 
mean  nitrate  concentrations  were  13.5,  13.8,  and 
8.3  ppm,  respectively.   These  concentrations,  in 
conjunction  with  high  streamflow  volumes,  com- 
bined to  produce  the  3  largest  nitrate-loss  years 
of  the  study  except  for  1973.   Maximum  nitrate 
concentrations  for  1978-1980  were  17.6,  18.3,  and 
10.6  ppm,  respectively  (table  2) .   Seventy- two 
percent  of  the  daily  nitrate  concentrations 
during  1978  and  1979  ranged  from  5-20  ppm,  while 
in  1980  (the  eleventh  posttreatment  year)  92 
percent  of  the  samples  had  concentrations  in  the 
1-10  ppm  range.   For  the  untreated  watershed,  the 
1978-1980  years  were  also  among  the  highest  for 
precipitation  and  streamflow,  average  nitrate 
concentrations,  and  annual  nitrate  losses.   Even 
so,  annual  mean  nitrate  concentrations  were  only 
0.6  to  1.0  ppm,  with  nitrate  losses  of  only  1.4 
to  1.9  lb/A  (table  1) . 

The  arithmetic  mean  of  annual  volume-weighted 
nitrate  concentrations  in  stream  water  from  the 
converted  watershed  for  the  11-year  posttreatment 
period  is  14.7  ppm,  whereas  that  for  the  untreat- 
ed watershed  is  0.5  ppm,  or  29- fold  greater 
overall  (table  1) .   After  3-Bar  F  was  treated, 


!ti 


I 

the  nitrate  concentration  of  the  stream  water 
gradually  shifted  upward.  For  the  first  4  yea 
after  treatment,  a  greater  proportion  of  days 
each  succeeding  year  had  concentrations  in  the 
higher  nitrate  concentration  ranges  (table  2) 
The  third  and  fourth  posttreatment  years  had  t 
highest  mean  nitrate  concentrations,  the  great 
proportion  of  samples  in  the  20-60  ppm  range, 
the  two  highest  concentrations  encountered 
during  the  study  (tables  1  and  2) .  Interestir 
the  third  year  (1973)  had  the  least  precipitat 
of  the  study,  and  the  fourth  year  had  the  most 
precipitation.  High  streamflow  and  high  nitre 
concentrations  during  the  fourth  year  combined 
produce  the  maximum  nitrate  loss  of  the  study 
(112.7  lb/A) .  Although  the  high  nitrate  cone 
trations  were  directly  related  to  high  rainfal| 
amounts,  they  undoubtedly  were  also  related  t( 
the  length  of  time  from  treatment  as  it  relab 
to  the  increasing  availability  of  nitrogen  fr( 
decaying  organic  matter  in  the  soil,  includin' 
the  residual  soil  organic  matter,  and  the  org. 
matter  from  decaying  shrub  roots,  leaves,  twi 
and  the  more  slowly  decomposing  branches. 

Nitrate  levels  exceeded  the  current  EPA  ste| 
for  drinking  water  of  45  ppm  on  6  days  during 
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Table  3 — Annual  net  gains  and  losses  of  nitrate- 
nitrogen  associated  with  the  conversion  of  a 
chaparral  watershed  to  grass 


N 

itrate-ni 

trogen 

Loss 

Gain 

1 

Year 

Precipi- 
tation 

(stream- 

(bulk 

Net  gain  (  +  )^ 

flow) 

precip. 

) 

or 

loss  (-) 

Inches 

lb/A 

-  -  - 

Pretreatment 

1969 

26,30 

0.01 

3.21 

+  3,20 

Pos ttreatment 

1970 

30.80 

2.90 

4.74 

+  1,84 

1971 

20.06 

0.76 

4.59 

+  3,83 

1972 

15.74 

4.04 

2.92 

-  1.12 

1973 

53.08 

25.45 

4.12 

-21.33 

1974 

19.83 

1.54 

4.54 

+  3.00 

1975 

29.85 

2.16 

3.66 

+  1.50 

1976 

30.18 

2.49 

4.65 

+  2.16 

1977 

16.92 

0.22 

3.14 

+  2,92 

1978 

44.29 

6,04 

2.63 

-  3.41 

1979 

49.20 

9.64 

2.16 

-  7,48 

1980 

43.38 

4.68 

4.61 

-  0,07 

Pos ttreatment 

Totals 

59.92 

41.76 

-18.16 

11-Yr.  ann.  mean 
10-Yr.  ann.  mean 

5,45 

3.80 

-  1.65 

3.45 

3.76 

+  0.31 

Oct. -Sept.  water  year. 


Weighted  precipitation  on  watershed. 


Calculated  as  the  difference  between  input  in  bulk  precipitation 
and  output  in  streamflow. 

4 
1973  data  is  excluded. 


:h  of  the  first  and  third  years,  and  on  97  days 
Ing  the  fourth  year.   Thereafter,  nitrate 
I'els  did  not  exceed  20  ppm  (table  2)  . 

Although  nitrogen  was  exported  from  the  water- 
:ds  in  streamflow,  it  was  also  added  in  bulk 
cipitation.   The  net  nitrate-nitrogen  gain  and 
s  budget  for  the  converted  watershed  for  12 
rs  is  calculated  as  the  difference  between 
ut  in  bulk  precipitation  and  output  in  stream- 
w  (table  3) .   For  the  pretreatment  year  (1969) , 
|re  was  a  net  gain  of  nitrate-nitrogen  of  3,2 
A,   For  the  11-year  posttreatment  period, 
re  was  a  net  loss  of  18  lb/A,  or  an  average 
|rly  net  loss  of  1.6  lb/A.   Although  this 
jrall  net  loss  figure  is  relatively  small,  it 
somewhat  misleading  in  that  it  is  heavily 
sed  by  the  21.3  lb/A  net  loss  in  1973.   If  the 
Irrant  1973  year  is  omitted  from  the  budget, 
Jn  there  is  an  average  yearly  net  gain  of  0,3 
Irt.   This  average  includes  the  3  unusually  high 
•nfall  years  of  1978,  1979,  and  1980,  for  which 
''percent  of  the  loss  occurred  in  1978  and  1979, 
fed  on  this  budget,  it  is  apparent  that  in 


spite  of  the  40-fold  greater  loss  of  nitrate- 
nitrogen  from  the  converted  watershed  than  from 
the  untreated  watershed  (table  1) ,  the  input  of 
nitrate-nitrogen  in  bulk  precipitation  largely 
offset  the  loss  in  streamflow. 


DISCUSSION 

Elevated  nitrate  concentrations  accompanied 
death  and  decomposition  of  the  brush  and  increas- 
ed water  yield.   For  the  first  few  years,  the 
pattern  of  nitrate  concentration  followed  a  wave 
form  in  which  nitrate  increased  only  after  rain- 
storms of  sufficient  duration  and  amount  to  leach 
nitrates  through  the  regolith  into  base  flow. 
Between  storms,  during  the  early  posttreatment 
years,  the  nitrate  concentration  returned  to 
pretreatment  baseline  levels  (0-1  ppm) .   As  the 
treatment  became  older,  the  reservoir  of  decaying 
soil  organic  matter  in  the  regolith  probably 
increased.   During  this  second  stage,  nitrate 
concentrations  in  the  stream  water  remained  10  to 
100  times  above  normal,  with  rainfall  conditions 


L 
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adequate  to  sustain  increased  water  yields.   The 
nitrate  release  pattern  can  be  likened  to  a 
series  of  waves  of  increasing  height  and  breadth 
in  which  wave  height  cannot  exceed  a  certain 
level  but  wave  breadth  is  unlimited.   In  this 
analogy,  wave  height  corresponds  to  nitrate 
concentration,  and  wave  breadth  to  duration  of 
the  increased  concentrations.   The  frequency  of 
the  nitrate  waves,  or  flushes,  is  determined  by 
the  frequency  and  magnitude  of  rainstorms,  and  by 
the  nitrogen  reservoir  in  the  soil.   Nitrogen 
supply  in  the  soil  is  limited  by  the  supply  and 
quality  of  decomposable  organic  matter  and  by  the 
release  of  nitrates  through  the  process  of  nitri- 
fication.  This  process  is  regulated  by  the 
supply  of  organic  matter,  the  abundance  of 
nitrifying  bacteria,  and  the  temperature  and 
moisture  content  of  the  soil,   A  third  stage 
should  ultimately  be  reached  when  the  reservoir 
of  nitrogen  below  the  root  zone  of  the  established 
grass  cover  is  exhausted  and  the  nitrogen  within 
the  grass  root  zone  is  recycled  between  soil  and 
grass.   When  this  new  steady  state  is  reached, 
the  nitrate  concentration  of  the  stream  water 
should  return  to  pretreatment  levels.   Eleven 
years  after  the  treatment  of  3-Bar  F  this  stage 
has  not  been  reached. 

Some  possible  side  effects  of  the  nitrate- 
release  phenomenon  which  have  ecological  or 
environmental  implications  are  eutrophication  of 
streams  and  reservoirs,  loss  of  watershed  soil 
fertility,  and  unsuitability  of  stream  water  for 
drinking  purposes.   Of  these  possible  consequences, 
eutrophication  of  watercourses  is  probably  of 
greatest  practical  concern.   Its  effects  can  be 
reduced,  however,  by  designing  projects  so  that 
streams  from  conversion  areas  are  diluted  by 
streams  from  untreated  areas.   If  reservoirs  or 
other  water  impoundments  already  contain  near 
maximum  allowable  levels  of  nitrate,  however,  an 
added  burden  of  nitrogen  in  entering  streamflow 
could  be  undesirable.   Soil  fertility  of  con- 


verted areas  may  be  reduced  by  the  extent  that 
nitrogen  is  exported  in  streamflow.   However, 
since  grass  production  on  converted  areas  is 
generally  good,  and  vastly  superior  to  that  on 
natural  areas  (Cable  1975,  Pase  and  others  1967^ 
there  may  be  no  reason  for  concern.   The  slow 
release  of  nutrients  from  decomposing  above- 
ground  vegetal  material  is  a  compensating  facto, 
in  supplying  nutrients  for  the  developing  grass | 
cover.   The  nitrate  content  of  stream  water  froij 
converted  areas  is  unlikely  to  represent  a  heaH| 
hazard  (Parsons  1977)  .   Although  there  are  occa-i 
sional  concentrations  greater  than  45  ppm  in 
streams  from  converted  areas  during  the  first  fi 
years,  downstream  mixing  and  dilution  with 
streams  from  natural  areas  would  reduce  the 
occasional  flush  of  high  nitrate. 
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:  Primary  Productivity  of  Some  California 
lis  Compared  to  Those  of  the  Santa  Catalina 
(untains,  Arizona^ 


'.  B.  Alexander 


^bstract:  Soil  properties  and  climatic  parameters 
were  used  to  develop  above-ground  net  primary 
productivity  equations  from  published  data  for  the 
Santa  Catalina  Mountains,  Arizona,  and  for  annual 
grassland  and  chamise-chaparral  sites  in 
California.  An  equation  with  soil  properties  only 
had  nearly  as  low  a  standard  error  of  estimate 
(SE)  as  the  best  equation  (i.e.  lowest  SE)  with 
estimated  actual  evapotranspi ration  included^  and 
is  more  widely  applicable. 


Net  primary  productivity  (NPP)  is  the  rate  of 
nvass  (or  energy)  accumulation  by  autotrophic 
nts  (Whitaker,  1975).  In  green  plants,  which 
I  the  major  sources  of  primary  productivity  in 
trestrial  ecosystems,  NPP  is  the  difference 
(//een  organic  matter  produced  by  photosynthesis 
r  that  consumed  by  respiration.  NPP  of  natural 
ranaged  vegetation  is  the  most  suitable  index 
c  comparing  the  inherent  productivity  of  all 
e3.  Yields  of  cultivated  crops  are  not  such 
r/ersally  suitable  indices,  because  no  single 
]nt  species  grows  on  all  soils.  Although  the 
Biral  vegetation  varies  in  species  composition 
in  one  soil  to  another,  it  is  not  arbitrary. 
c^   soil,  under  natural  conditions,  supports  the 
e;icular  vegetation  that  is  characteristic  for 
tand  its  environment.  Natural  conditions 
rLude  disturbances  responsible  for  cyclical 
hiqes  in  the  vegetation  (White,  1979). 

.ittle  data  on  NPP  are  available,  because  they 
r  difficult  to  obtain.  Even  in  annual  plant 
oiunities,  where  the  data  are  relatively  easy  to 
3iin,  the  productivity  is  so  variable  from  year 
3 'ear  that  it  must  be  averaged  over  a  number  of 
is  in  order  to  derive  reasonable  estimates. 
l:h  (1973)  has  reviewed  historical  developments 
i±ie  field  of  predicting  the  NPP  of  terrestrial 
Systems.  He  has  settled  on  actual 
rxjtranspi ration  (AET)  and  mean  annual  air 
«)erature  (MAAT)  for  predicting  world-wide  NPP. 
)  attempts  to  predict  NPP  rely  solely  on 
Liatic  data.  Even  when  utilizing  AET,  a  single 
He  is  usually  assumed  for  the  plant  available 
It  capacities  of  all  soils. 

oils  are  important  not  only  for  their  physical 
•'•erties,  which  affect  root  distribution  and 
I  r  srpply,  but  also  for  their  fertility,  which 
'  he  effect  of  plant  nutrient  supply  on 
'activity.  Since  soils  are  so  important  to 
't  growth,  it  should  be  possible  to  improve  the 
'  ictions  of  NPP  by  adding  soil  properties,  as 
'  as  climatic  factors,  in  predictive  equations, 
''ver,  there  is  little  soils  data  from  sites 


resented  at  the  Symposium  on  Dynamics  and 
igement  of  Mediterranean-Type  Ecosystems,  June 
•■^f  1981,  San  Diego,  California. 

oil  Scientist,  Pacific  Southwest  Region, 
ost  Service,  U.S.  Department  of  Agriculture. 


where  NPP  has  been  determined.  Therefore,  in 
testing  the  applicability  of  soil  parameters,  only 
the  most  basic  properties  (for  example, 
particle-size  distribution  or  clay  content,  pH, 
plant  available  water-holding  capacity,  and  C/N 
ratio)  which  have  either  been  measured  at  sites  of 
NPP  determinations  or  can  be  inferred  from  data 
for  similar  soils  near  the  sites  are  utilizable. 
Data  from  California  (Fig.  1)  and  the  Santa 
Catalina  Mountains  of  southern  Arizona  were  used 
to  develop  equations  for  predicting  NPP  from  both 
soil  properties  and  climatic  parameters. 


Figure  1 — A  map  of  California  with  the  locations 
of  the  sites  with  NPPa  data.  The  site  names 
(Table  1)  are  Hopland  (HL) ,  San  Joaquin  (SJ)  Bald 
Hills  (BH) ,  San  Dimas  (SD) ,  Ash  Mountain  (AM) , 
Echo  Valley  (EV)  ,  Spanish  Peak  (SP) ,  and  Fort 
Bragg  (FB,  15  sites) . 


MODEL 

NPP  is  estimated  by  measuring  the  rate  of 
carbon  or  organic  matter  accumulation  in  living 
autotrophic  plants.  When  plants  die,  most  of 
their  organic  matter  remains  in  the  same  ecosystem 
for  some  time,  generally  until  the  organic  matter 
decomposes  to  inorganic  compounds.  During  this 
process  some  organic  matter  is  stored  above  ground 
and  some  is  stored  in  the  soil.  A  model  for 
predicting  NPP  from  soil  properties  and  climatic 
factors  can  be  developed  if  the  amount  of  organic 
matter  stored  in  the  soil  can  be  related  to  the 
amount  produced  by  autotrophic  plants  in  the 
ecosystem. 


0  "ech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
P'Tient  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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Tn  early  stages  of  stand  development  (secondary 
succession) ,  a  large  proportion  of  the  production 
accumulates  in  living  plants.  As  succession 
progresses,  increasingly  larger  proportions  of  the 
production  are  returned  by  way  of  fallen  leaves, 
dead  stems,  and  discarded  root  tissues  to  the  pool 
of  non-living  organic  matter  subject  to 
decomposition.  Finally,  in  mature  stands,  the 
recharge  to  this  pool  is  equal  to  the  NPP  and  the 
temporal  change  in  non-living  organic  matter  (OM) 
which  is  subject  to  decay  is  equal  to  the  gains 
from  primary  production  (NPP)  minus  the  losses  due 
to  decomposition.  Thus 


d(OM)/dt  =  NPP  -  k  (OM) 


(1) 


where  k  is  a  general  decay  constant  which 
integrates  the  effects  of  different  decay  rates 
resulting  from  different  kinds  of  organic  matter 
in  different  ecosystem  microenvironments.  This 
equation  follows  a  more  general  formulation  of 
Olsen  (igi^B).  Sometime  after  a  stand  reaches 
maturity,  organic  matter  contents  reach  steady 
state  values  throughout  the  ecosystem  and  the 
overall  change  in  organic  matter  content  ceases, 
or  at  least  becomes  so  negligible  that  essentially 
d(OM)/dt  =  0.  Hence,  equation  1  becomes 


NPP  =  k  (CM) 


in  mature  ecosystems. 


(2) 


Since  the  decay  constant  (k)  has  different 
values  in  different  ecosystems  with  different 
environments,  it  must  be  related  to  soil 
properties  and  environmental  parameters  before  the 
steady  state  equation  can  be  used  for  predicting 
NPP.  According  to  Meentemeyer  (1977) ,  the 
logarithm  of  the  decay  constant  for  leaf  litter  is 
proportional  to  AET;  that  is,  Ln(k)  =  a  +  b  AET, 
when  a  and  b  are  constants.  Without  contrary 
information  for  the  decay  constants  of  other 
ecosystem  organic  matter  components,  assume  that 
they  too  are  related  to  AET  by  an  equation  of  the 
same  form.  Then,  taking  logarithms  of  equation  2, 
Ln(NPP)  =  Ln(k)  +  Ln(CM) ,  and  substituting 
Meentemeyer's  relatioship  for  Ln(k) , 


Ln(NPP)  =  a  +  b  AET  +  Ln(CW) 


n) 


Equation  1  might  be  used  for  predicting  NPP  if 
data  were  available  for  determining  the  constants. 
They  will  be  different  from  the  constants 
determined  by  Meentemeyer  who  dealt  with  leaf 
litter  only  rather  than  all  ecosystem  organic 
matter  not  in  living  plants.  Since  much  of  the 
data  for  NPP  does  not  include  below  ground 
productivity,  above  ground  net  primary 
productivity  (NPPa)  is  substituted  for  total  NPP. 
Also,  it  is  convenient  to  substitute  soil  organic 
carbon  (OC)  for  all  ecosystem  organic  matter  not 
in  living  plants,  because  more  data  are  available 
for  soil  organic  carbon,  it  is  easier  to  obtain, 
and  it  is  affected  less  by  short-tenn  ecosystem 
disturbances  or  human  manipulations.  The 
justification  for  this  substitution  is  that  there 
must  be  a  close  relationship  between  soil  organic 


carbon  and  ecosystem  organic  matter  production, 
because  large  proportions  of  the  organic  matter 
stems,  branches,  roots,  and  leaves  which 
accumulate  on  the  ground  are  incorporated  into 
soil  before  they  are  completely  decomposed  to 
inorganic  carbon.  With  substitutions  of  NPPa 
NPP  and  a  constant  (c)  times  Ln(OC)  for  Ln(CM) 
into  equation  3, 


Ln(NPPa)  =  a  +  b  AET  +  c  Ln(OC) . 


(4) 


Although  these  substitutions  are  based  more  on 
analogies  than  on  precise  relationships,  it  is 
utility  of  equation  4  and  its  derivatives  for 
predicting  NPPa  that  is  the  primary  concern  rat 
than  rigid  derivations.  This  was  tested  by  leas 
squares  regression  analyses.  Other  soil 
parameters  were  added  to  equation  4  as  linear 
variables,  assuming  that  the  decay  constant  is 
related  to  them  much  as  it  is  related  to  AET, 
unless  the  regression  analyses  indicated  that 
other  forms  are  obviously  better. 


MODEL  DEVELOPMENT  AND  EVALUATION  PROCEDURE 


NPPa  data  were  obtained  from  published  sourc' 
(Table  1) .  Most  of  these  sources  have  data  on 
surface  soils  but  lack  subsoil  data,  which 
generally  had  to  be  derived  from  other  sources. 
Soil  bulk  densities  were  calculated  from  organi  |« 
carbon  contents  (Alexander,  19^0).  Available 
water  capacities  were  estimated  from  soil  texti 
and  depths.  Climatic  data  for  the  Santa  Catali 
Mountains  were  extrapolated  from  the  data  of 
Sellers  and  Hill  (1974)  and  data  for  Californie 
sites  were  extrapolated  from  various  sources. 


A  large  part  of  the  data  are  from  13  sites  i  I*; 
the  Santa  Catalina  Mountains,  Arizona.  Chow's 
test  (Chow,  19*^0)  was  used  to  determine  the 
suitability  of  combining  data  for  the  13  Arizor 
and  7  California  sites  (Fig.  1)  and  treating  t\    iji 
as  one  data  set.  Westman  and  lA?hittaker  (1975) 
have  published  net  primary  productivity  data  fc( 
15  sites  near  Fort  Bragg,  California,  which  arflJ 
not  listed  separately  in  Table  1.  |||s 


ifi 


The  independent  variables  used  in  various 
combinations  to  predict  NPPa  (tAia)  were  (1)  tl 
logarithm  of  organic  carbon  content  in  mineral 
soil  to  one  meter  depth  (kg/m  m) ;  (2)  mean  anmHa, 
air  temperature  (MAAT,  °C) ;  (3)  actual 
evapotranspiration  (AET,  cm/yr)  calculated  by  ^j^^ 
Thornthwaite  procedure;  (4)  a  function  of 
evapotranspiration  (FET)  equal  to 
AET/(l-Ln(AW/AWr:))  ,  (AW/AWCiO.Ol)  ,  where  AW  is 
mean  monthly  plant  available  water  and  AWC  is 
available  water  capacity  of  a  soil;  (5)  mean 
carbon  to  nitrogen  ratio  (C/N)  in  the  upper  10 
of  soil;  ('^)  mean  clay  content  (percent)  in  thjBjji 
upper  25  cm  of  soil;  and  (7)  mean  pH  in  the  up| 
10  cm  of  soil.  Coastal  California  soils  of  th 
Fort  Bragg  area  are  in  four  soil  drainge  classir 
which  were  considered  as  discrete  independent 
variables.  The  best  equations  for  predicting 
Ln(MPPa),  the  dependent  variable,  were  conside^^ 
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e  1--Site  information,  above  qround  net  primary  productivity,  soil  properties,  and  sources  of  data. 


Lat. 


Alt.    Vegetation 


Soil 
Series 


HPPa 


Stand 
Ape  Span 


MA AT   AFT 


Soil 

Organic 

Carbon 


Surface  Soil 
Clay  I  C/^  I  pH 


SCM 
SCM 
SCM 
SCM 
SCM 
SCM 
SCM 
SCM 
SCM 
'SCM 
SCM 
SCM 
SCM 
and 

oaguin 
i  Hills 

liDimas 
;  Mt  n . 
:  V. 

>  ish  Pk. 
, Bragg 


N 

3?.  5 

32.5 

32.5 

32.5 

32.5^ 

32. 5^^ 

32.  5^^ 

32.  5° 

32.5^ 

32.5° 

32.5'^ 

32. 5° 

32.5° 


o 


o 


3U^'W' 


32°5U' 
39°5V 
39.5'^ 


meters 

2720 
26'*n 
2650 
2f70 
2'v70 
2180 
2040 
20i\0 
1310 
1220 
1020 

870 

7(^0 

300 

335 
335 

900 

800 
1000 
2070 


Suhalpine  Fir  Forest 
Oouqlas-f ir-Fir  Forest 
Douglas-fir  Forest 
Mixed  Pine  Forest 
Ponderosa  Pine  Forest 
Pine-Oak  Forest 
Pine-Oak  Woodland 
Pygmy  Conifer-Oak  Scrub 
Open  Oak  Forest 
Desert  Grassland 
Spinose-Suf frut .  Shrub 
Paloverde-Bursage  Shrub 
Creosotebush  Des.  Shrub 
Annual  Grassland 

Annual  Grassland 
Annual  Grassland 
Chamise  Chaparral 
Chamise  Chaparral 
Chamise  Chaparral 
Red  Fir  Forest 


t/ha 

8.7 
11.2 
H.k 
6.2 
5.8 
5.0 
it. 5 
I.'' 
1.5 
^.'x 
1.3 
1.0 
0.9 


yr 


mature,  last  5 


C    cm/yr 


Laughl in- 

2 

3 

Sutherlin 

Ahwahnee 

2 

U 

Sehorn 

2 

6 

Cieneba 

1 

5 

Sierra 

2 

0 

Vista 

3 

6 

Waca 

ft 

'^ 

mean,  16  ann. 

mean,  35  ann. 

mean,  U   ann. 

0-1R 

0-20 

current  ,22-2** 

0-120 

mature,  last  5 


7.6 

8.1 

8.1 

7.5 

9.3 

11.2 

12.2 

12.2 

17.1 

17.7 

19.0 

20.0 

20.8 


53.9 
51.5 
51.3 
U6.9 
51.7 
51,7 
50.3 
49.6 
40.4 
41.6 
34.3 
31.1 
27.8 
39.3 


15.3 

20.3 

15.3 

34.5 

1^1.3 

27.4 

13.8 

35.6 

13.5 

29.5 

li.S 

29.8 

kg/m  m 


19.0 

14.5 

17.1 

4.9 

9.3 

10.9 

9,4 

2.1 

4.2 

3.5 

3.2 

2.8 

3.2 

7.5 

3. ft 
6.9 
2.1 
7.4 
5.5 
14.7 


pet 

21 

9 

9 

3 

9 
10 
10 

6 
12 

6 
12 
12 
1ft 
22 

ft. 5 
48 

4.5 
13 
15 

5 


36 
23 
23 
12 
22 
25 
19 
16 
16 
12 
12 
11 
6 
12 

11 
10 
14 
14 
13 
2fi 


6. ft 
6.2 
6. ft 
7.5 
7.0 
7.0 
7.0 
5.4 

6.4 
6.2 
5.6 
5.8 
6.5 
5. ft 


bers  44  through  57  are  Whittaker's,  SCM  =  Santa  Catalina  Mountains. 

|nd  age  for  NPPa  determinations. 

I  sites  with  two  years  of  data  from  each. 

a  sources  by  site  for  NPPa,  surface  soil  and  subsoil  properties,  respectively:  Santa  Catalina  Mountain  sites  -  Whittaker 
Niering  (1975),  Whittaker  et  al.  (1968)  and  Martin  and  Fletcher  (1943);  Hooland  -  Murphy  M970),  Zinke  and  Stangenberoer 
5);  San  Joaguin  -  Duncan  and  Woodmansee  (1974),  Duncan  (1975)  with  soil  descriptions  by  K.Chang;  Bald  Hills  -  Powell 
5),  Zinke  and  Stangenberger  (1975);  San  Dimas  -  Specht  (1969)  plus  litter  production  from  Kittredge  (1955),  Mooney  and 
Dns  (1973)  plus  SCS  (1973);  Ash  Mountain  -  Rundel  and  Parsons  (1979),  Parsons  (1976)  and  SCS  (1973);  Fcho  Valley  - 
py  and  Rundel  (1979),  Bradbury  (1977);  Spanish  Peak  -  Stangenberger  (1978),  Stangenberger  (1978)  and  SCS  (1973);  Fort 
3  -  Westman  and  Whittaker  (1975),  Westman  (1971)  and  Gardner  and  Bradshaw  (1954)  plus  Zinke  and  Stanqenherqer  (1975). 


Oil 

Ifie  those  with  the  lowest  standard  errors  of 
mate   (SE) . 

ft; 
tii 

njTS   AND  DISCUSSION 

n(CiC)  was  included  in  every  equation 
tiidered,  because  it  is  essential  to  the  model, 
il  lOugh  NPPa  is  highly  correlated  with  MAAT,  the 
inierature  coefficients  in  predictive  equations 

I  negative,  which  is  opposed  to  the  expected 
•lerature  effect  on  the  decay  constant.  This 

laly  is  due  to  increasing  precipitation  and  its 

Iter  effectiveness  with  increasing  altitude  and 
isi easing  temperature  in  Arizona  and  California. 
;:"  incorporates  air  temperature  and  is  a  more 

'sfactory  independent  variable  because  it  does 
.11  increase  indefinitely  with  increasing 
#tude.  Equations  with  MAAT  greatly  over 
jc*mate  the  NPPa  at  the  Spanish  Peaks  site,  which 
'.tit'he  only  one  at  relatively  high  altitude  in 
ss-'fornia.  Therefore,  AET  was  used  as  an 
fipendent  variable,  instead  of  MAAT,  because  the 
i^iictive  equations  using  it  are  more  likely 
deticable  to  a  wider  range  of  environments. 


The  results  of  regression  analyses  are 
presented  in  Table  2.  Adding  more  than  three 
independent  variables  for  the  Arizona  set  and  more 
than  four  for  the  combined  set  of  Arizona  and 
inland  California  site  data  increases  the  standard 
errors  of  estimate.  Chow's  test  indicates  that 
the  best  equation  for  the  13  Arizona  sites, 
Ln(NPPa)  =  0.02^^0  +  0.5330  Ln{OC)  +  0.037^  AET  - 
0.2548  pH,  is  not  appropriate  for  the  combined  set 
of  Arizona  and  seven  inland  California  soils  (F  = 
R.35,  p<0.01).  However,  none  of  the  best 
equations,  with  up  to  five  independent  variables 
(Table  3) ,  for  the  combined  set  of  Arizona  and 
inland  California  soils  are  statistically 
differentiable  from  equations  for  the  Arizona 
soils  only.  The  NPPa  and  soil  organic  matter 
decay  rates  of  the  soils  in  the  Fort  Bragg  area 
are  so  dependent  on  soil  drainage,  which  cannot  be 
confidently  determined  from  information  in  the 
published  sources,  that  no  equations  were 
developed  for  the  coastal  California  soils.  All 
the  13  Arizona  and  the  seven  inland  California 
soils  are  well  drained. 
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Table  2 — neqrees^of  freedom  (OF) ,  coefficients  of 
determination  (R  ")  ,  and  standard  errors  of 
estimate  (SR)  for  equations  to  predict  NPPa.   Ml 
variable  combinations  were  tested,  but  the 
Napierian  logarithm  of  soil  organic  carbon  content 
(OC)  was  retained  in  all  equations.  Following 
Ln(OC),  variables  are  listed  in  the  orders  that 
they  contribute  to  reductions  of  the  standard 
errors  of  estimate. 


Arizona 

Arizona  and 

Rites 

Inland  California 

Variable 

OF 

9 

R' 

SE 

OF 

R  • 

SR 

Ln(OC) 

11 

.790 

.4352 

1« 

.739 

.4139 

AET 

in 

.9^9 

.7454 

PH 

9 

.975 

.1<S55 

17 

.^31 

.  342^ 

Clay 

1^ 

.9.'^2 

.3197 

CAI 

15 

.°.12 

.317^ 

Table  3 — Constant  and  coefficients  of  variables  in 
equations  for  predicting  NPPa  from  the  13  Arizona 
and  7  inland  California  soils.  Each  column 
represents  the  best  equation  for  the  specified 
number  of  independent  variables,  including  the 
constant.  The  dependent  variable  is  Ln(NPPa) , 


Number 

of  Independent  Variables 

Variable 

5 

4 

3 

2 

Constant 

1.484^^ 

1.4R24 

1.^971 

-O.^^'^IS 

Ln(OC) 

n.^731 

0.R4R1 

0.789'^ 

0.97R9 

pH 

-0.2952 

-0.2*^41 

-0.3329 

Clay 

-0,0103 

-0.0147 

CAI 

0.0194 

DP 

15 

1-^ 

17 

IR 

r2 

0.R72 

0.8(^2 

0.R31 

0.739 

SE 

0.3177 

0.3197 

0.342«^ 

0.4139 

\ 

3.0^ 

2.70 

2.55 

0.75 

Values  of  F  for  Chow's  test  are  nonsignificant  (p 
=  0.05) ,  indicating  that  equations  develooed  for 
the  13  Arizona  sites  are  statistically 
undifferentiable  from  these  equations. 


The  Arizona  sites  can  be  divided  into  two 
groups,  each  with  linear  but  distinctly  different 
ART-NPPa  relationships:  (1)  a  group  of  seven  sites 
with  forest  cover  (NPPa  =  -51.74  +  1.123  ART, 
r'=0.R^2)  and  (2)  a  group  of  six  sites  with  open 
woodland,  scrtjb,  or  desert  vegetation  (NPPa  =  -.33 
+  .044  ART,  r  =0.954).  The  discrepancy  between 
these  two  groups  was  eliminated  by  substituting 
for  ART  a  function  of  evapotranspi ration  (FRT) 
equal  to  the  sum  of  twelve  monthly  values  of 
ART/(l-Ln(AW/AWC)) .  This  function  implies  that 
the  ratio  of  NPPa  to  evapotranspiration  decreases 
as  soil  water  is  depleted  and  becomes  less  readily 
available  to  plants.   It  is  analogous  to  the 
expression  ART/(1-H) ,  when  H  is  relative  humidity. 
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used  by  Arkley  and  Ulrich  (19^31  for  predicting  ,« 
crop  yield.  With  FET  as  an  independent  variable 
Ln  (NPPa)  =  -.^^57/1  +  0.07^1  FRT  (r  =0.^13,  SE  = 
0.2794)  for  the  1"^  Arizona  sites.   Although  FRT 
better  than  AET  alone  for  predicting  NPPa,  its 
advantage  is  greatly  diminished  when  more 
independent  variables  are  utilized. 


With  the  set  of  13  Arizona  soils  and  7  inlanc 
California  soils,  the  equation  for  predicting  Nl 
from  Ln(OC) ,  pH,  clay  content,  and  C/n  ratio  is 
best  (Table  2) .  AET  is  not  one  of  the  most  use 
independent  variables  for  this  set  of  data.  Th 
regression  coefficients  for  pH  and  clay  are 
negative  and  the  coeficient  for  CA^  is  positive 
(Table  3) . 


t 


The  negative  coefficient  for  pH  implies  that 
the  rate  of  organic  matter  decay  increases  as  tj 
soil  pH  decreases.  However,  the  negative 
coefficient  reflects  the  very  high  negative 
correlation  between  NPPa  and  soil  pH  (Table  ^) , 
thus  invalidating  the  implied  effect  of  soil  pH' 
on  the  decomposition  of  soil  organic  matter, 
correlation  of  increasing  Mppa  with  decreasing 
soil  dH  is  probably  related  to  the  contribution 
of  precipitation  to  both  NPPa  and  leaching  of 
bases.  The  trend  to  greater  NPPa  with  lower  pM 
reversed  on  the  extremely  acid,  poorly  drained 
soils  of  the  pygmy  forests  of  coastal  Californi 
where  the  NPPa  averages  only  2.'^  tAia.  The 
highest  productivity  is  on  the  slightly  to 
moderately  acid  (about  pH  '^)  soils  of  the  coaslj 
redwood  forests,  where  the  ^'PPa  averages  14  t/\ 


tal 
I  itei 


The  negative  coefficient  for  clay  (Table  3) 
imolies  that  soil  organic  matter  disappears  le: 
raoidly  as  the  clay  content  increases.  This  m 
be  expected  from  the  fact  that  clay 
mineral-organic  matter  complexes  increase  the 
stability  of  the  organic  matter.  It  is  in  aco 
with  the  findings  of  Harradine  and  Jenny  (195R 
that  soils  from  mafic  volcanic  rocks  have  both 
more  clay  and  more  organic  matter  than  soils  f 
granitic  rocks.  The  quantity  of  clay  to  one 
meter,  or  some  other  depth,  may  be  the  best  so 
textural  parameter  to  use  for  predicting  MPPa, 
the  percentage  of  clay  in  the  <2  mm  fraction  o, 
surface  soil  was  utilized  due  to  lack  of  more 
appropriate  data. 


: 


The  positive  coefficient  for  CAl  (Table  3) 
contrary  to  the  negative  effect  that  a  high  C/ 
ratio  might  be  expected  to  have  on  the  decay 
constant  (Witkamp,  1971.)  .  This  apparent  anoms 
is  probably  due  to  the  very  high  correlation 
between  CA'  and  OC  (Table  4)  and  the  positive 
correlation  of  NPPa  to  OC. 
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Equations  developed  from  the  Arizona  and  ii 
California  soils  data  are  not  good  for  the  co< 
California  soils.  In  the  Fort  Rragg  area,  so: 
drainage  has  the  greatest  influence  on  Nppa,  \ 
is  so  poorly  correlated  with  OC  that  the  mode' 
not  useful.  The  best  equation  for  the  well 
drained  soils  of  Arizona  and  inland  California  2 
(Table  3,  15  nF)  overestimates  the  NPPa  of  al  j. 
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ny  forest  soils,  which  are  mostly  poorly 
ined;  it  underestimates  the  NPPa  of  all  but  one 
Jne  Bishop  pine  forest  soils,  which  are  mostly 
srately  well  drained;  and  it  greatly 
irestimates  the  NPPa  of  all  but  one  of  the 
5tal  redwood  forest  soils,  which  are  well 
ined.  The  coastal  fog  may  be  an  important 
j:or  too,  since  the  NPPa  predictions  are  poor 
li  for  the  well  drained  soils  of  the  Fort  Bragg 

i. 


.e  4 — Correlations  of  cont 
another.  Correlation  coe 
:ona  and  seven  inland  Cali 
lower  left  and  those  for 
.s  are  on  the  upper  right. 
»lute  values  greater  than 
ital  set)  are  significant 
Iter  than  0.5^^1  (0.«^41  for 
ily  significant  (p  =  0.01) 


inuous  variables  with 
fficients  (r)  for  13 
fornia  soils  are  on 
15  coastal  California 

Coefficients  with 
0.444  (0.514  for  the 
(p  =  0.05)  and  those 
the  coastal  set)  are 


NPPa 

OC 

fAAAT 

Clay 

CA 

PH 

1 

0.502 

-0.443 

0.135 

0.41^ 

-0.180 

0.883 

-0.f^l8 

0.197 

0.544 

-0.092 

' 

-0.880 

-0.7«^0 

0.1^0 

-0.70^ 

0.549 

' 

-0.154 

0.0^8 

0.24^^ 

-0.079 

0.177 

0.788 

0.8^9 

-0.772 

-0.1«^7 

-0.^58 

-0.^12 

-0.454 

0.754 

0.143 

-0.388 

0.^08 

0.559 

-0.570 

-0.142 

0.597 

-0.4*^3 

0.787 

0.705 

-0.823 

-0.044 

0.^50 

-0.833 
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Li    (NPPi) 

're  2 — Residuals  (actual  minus  predicted 
tes)  from  Ln(NPPa)  =  1.484^  +  0.^731  Ln 
52  pH  -  0.0103  Clay  +  0.0194  CAJ  (Eq.  5 
13  Arizona  and  7  California  soils.  The 
zontal  axis  represents  predicted  values 
dashed  lines  represent  conversions  of 
duals  to  NPPa  by  taking  their  antilogar 
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'8  plot  of  the  residuals  (Fig.  2)  shows  how 
5l  NPPa  relates  to  values  predicted  from  the 
equation  for  Arizona  and  inland  California 

(Table  3,  15  DF) .  The  inland  California 
s  are  evenly  distributed  between  positive  and 
ive  deviations.  There  are  positive  and 
:ive  values  for  both  annual  grassland  and 
xiefise-chaparral  soils.  The  NPPa  of  the  Spanish 

red  fir  site  is  based  on  the  average 
nj  ictivity  over  the  first  120  years  following 
estation,  whereas  the  NPPa  of  the  Arizona 


sites  are  based  on  the  current  productivity 
averaged  over  the  last  five  years,  yet  the 
residual  for  the  Spanish  Peak  site  is  very  small. 
However,  8.4  tAa  is  only  a  minimum  figure  for  the 
NPPa  of  the  Spanish  Peak  site,  because  carbon  lost 
as  C0„  from  completely  decomposed  organic  matter 
was  not  accounted  for  in  estimating  NPPa  from  the 
model  of  Stangenberger  (1978) .  The  NPPa  of  forest 
stands  may  be  affected  more  by  stand  condition,  as 
reported  by  Grier  and  Logan  (1977) ,  than  by 
differences  between  successional  and  mature 
stands.  Tn  fact,  it  may  even  h)e  more  appropriate 
to  compare  sites  by  mean  NPPa  over  a  successional 
period,  as  for  two  of  the  chamise-chaparral  stands 
as  well  as  for  the  Spanish  Peak  red  fir  stand. 
Cyclical  repetitions  of  disturbance  and  succession 
may  be  more  a  rule  than  an  exception  for  plant 
communities  (White,  1979) . 


CONCLUSIONS 

Soil  parameters  were  found  useful  for 
estimating  the  NPPa  of  well  drained  Arizona  and 
inland  California  soils,  assuming  that  the 
Ln(NPPa)  is  related  to  the  Ln(OC)  and  functions  of 
AET  or  soil  properties  which  affect  the  rate  of 
soil  organic  matter  decay.  Even  though  organic 
carbon  in  the  soil  is  only  a  fraction  of  that  in 
an  ecosystem,  its  quantity  may  be  the  best  organic 
matter  parameter  for  estimating  NPPa  in  all  except 
mature  ecosystems  because  it  is  less  readily 
affected  by  perturbations  of  the  environment. 
Soil  organic  matter  may  vary  little  through  a 
cycle  of  disturbance  and  succession,  whereas  there 
may  be  extreme  changes  in  the  quantities  of  litter 
at)ove  ground  (Turner  and  Long,  1975)  . 

The  best  equation  for  predicting  the  NPPa  of  13 
Arizona  and  7  California  soils  would  be  Ln(NPPa)  = 
-.^148  +  0.^774   Ln(OC)  +  0.034^  FET  -.0147  clay 
(R  =0.881,  SE=0.2957).  However,  Chow's  test 
indicates  (F=5.32,  with  9  and  7  degrees  of 
freedom)  that  this  regression  is  significantly 
different  (p  <  0.05)  from  a  similar  regression 
(same  variables)  for  the  13  Arizona  soils  alone. 
Therefore,  equation  5  (Table  3,  15  DF) ,  which  is 
suitable  for  either  the  13  Arizona  soils  alone  or 
in  combination  with  the  7  inland  California  soils, 
is  considered  to  be  better  because  it  is  more 
widely  applicable: 

Ln(NPPa)  =  1.484*^  +  0.«=;731  Ln(OC)  -  0.2952  pH 
-  0.0103  Clay  +  0.0194  CAJ.    (5) 

This  equation  appears  to  be  good  for  predicting 
the  NPPa  in  chamise-chaparral  and  annual  grassland 
ecosystems,  but  there  is  insufficient  data  for 
judging  its  accuracy  in  estimating  the 
productivity  of  forest  ecosystems  at  higher 
altitudes  in  California.  Better  and  more 
universally  applicable  equations  can  be  developed 
only  when  much  more  soils  data  can  be  coordinated 
with  NPPa  measurements. 
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BBSsing  the  Effects  of  Management  Actions 
Soils  and  Mineral  Cycling  in  Mediterranean 
)systems^ 


aard  F.  DeBano^ 


Abstract:   Mediterranean  ecosystems  can  be  harvest- 
ed, undergo  type  conversion,  or  be  burned.   Both 
wildfires  and  prescribed  burning  are  important 
features  of  these  ecosystems.   All  these  activi- 
ties affect  soils  and  mineral  cycling.   Managers 
are  concerned  with  assessing  the  impacts  of  diff- 
erent management  activities.   Soil,  physical, 
chemical,  and  biological  properties  are  important 
parts  of  these  assessments.   The  implications  of 
nutrient  loss  and  availability  on  short-  and  long- 
term  site  productivity  are  lacking.   Guides  are 
needed  by  land  managers  for  making  assessments  of 
their  decisions. 


teny  land  management  decisions  and  activities 
::erning  mediterranean-type  ecosystems  affect 
rient  cycling  processes  and  mechanisms. 
iBnt  legislation  in  the  United  States  has  man- 
ed  that  the  impacts  of  these  different  activ- 

;s  be  assessed.   Equally  important  is  recog- 
ing  which  treatments  affecting  soils  and  nutri- 

cycling  may  lead  to  soil-site  degradation. 


'duch  of  the  information  necessary  to  assess 
e   impacts  of  different  management  actions 

3ars  in  research  publications  and  documents 
h  are  not  readily  available  to  the  land  mana- 
when  making  day-to-day  decisions.   This  pre- 

itation  discusses  the  possible  impacts  arising 

in  different  management  actions  and  suggests 

2  handbooks  needed  by  land  managers.   Because 
i  |2  is  an  important  feature  of  mediterranean 

systems,  it  necessarily  makes  up  a  large  por- 

1  of  the  discussion. 


MEDITERRANEAN  ECOSYSTEM  AND  ITS  MANAGEMENT 
BROAD  PERSPECTIVE 

y.though  mediterranean  ecosystems  include 
2Sts  and  grasslands,  the  most  widespread  vege- 
Lon  type  is  evergreen  sclerophyllous  shrubs. 
3  shrub  type  is  known  as  mattoral  in  Chile, 
xis  in  Africa,  maquis  or  garrigue  in  France, 
th   in  Australia,  and  as  chaparral  in  the 
led  States.   In  California, chaparral  occupies 
at  4.4  million  hectares  (Wieslander  and  Gleason 
1)  and  in  Arizona  another  1.2  million  hectares 
ofabert  and  others  this  symposium)  . 


Presented  at  the  Symposium  on  Dynamics  and 
igement  of  Mediterranean-type  Ecosystems,  June 
16,    1981,  San  Diego,  California. 

) 

"Supervisory  Soil  Scientist,  USDA  Forest  Ser- 

J,  Rocky  Mountain  Forest  and  Range  Experiment 
lion  located  at  the  Station's  Research  Work 
1  at  Tempe,  in  cooperation  with  Arizona  State 
/ersity.   Headquarters  is  in  Fort  Collins,  in 
aeration  with  Colorado  State  University. 


The  soils  and  parent  rock  are  diverse  and  vary 
widely  over  short  distances;  almost  all  geologic 
types  are  found  in  the  different  mediterranean 
environments.   Soil  fertility  levels  and  nutrient 
pools  vary  widely  both  locally  and  regionally. 
Data  on  total  nutrient  pools  of  phosphorus  and 
nitrogen  shows  the  soils  in  Chile  and  the  mediter- 
ranean zone  of  Europe,  North  Africa,  and  the 
Middle  East  are  moderately  fertile  (Rundel  1978)  . 
Australia  and  South  Africa  have  infertile  soils, ^ 
and  California  chaparral  soils  are  intermediate  in 
fertility.   Little  is  known  about  the  relationships 
between  total  nutrient  pools  and  their  availability 
to  different  plants. 

The  diverse  vegetation,  climate,  and  soils  in 
the  mediterranean  ecosystems  present  a  large 
number  of  unique  management  situations.   However, 
space  permits  discussing  only  a  few  general  activ- 
ities and  their  impacts.   Managers  can  either 
partially  or  completely  harvest  the  vegetation. 
Forests  can  be  logged  or  thinned;  shrub  areas  can 
be  harvested  for  biomass,  can  undergo  type  conver- 
sion, or  can  be  grazed;  and  grasslands  can  be 
grazed  or  mowed.   An  important  feature  of  mediter- 
ranean ecosystems  is  fire — both  naturally  occurring 
wildfires  and  prescribed  burning.   Managers  can 
also  either  temporarily  or  permanently  change  the 
plant  cover.   Brush  areas  can  be  converted  to 
grass,  and  forests  can  be  invaded  by  brush  or 
noncommercial  trees  after  harvesting.   Still  other 
ecosystems  receive  minimum  use  and  remain  in 
nearly  natural  conditions,  although  these  areas 
are  diminishing  and  will  be  more  intensively 
managed  as  the  world  population  increases. 


ASSESSING  THE  IMPACT  OF  MANAGEMENT  ACTIONS 

The  management  activities  outlined  above  affect 
nutrient  cycling  by  interrupting  the  flow  of 
elements  through  the  ecosystem,  altering  nutrient 
availability,  or  in  some  cases  selectively  removing 
significant  portions  of  the  total  nutrient  pool. 
Further,  these  activities  also  affect  the  physical, 
chemical,  and  biological  soil  properties. 

Harvesting 

Logging  and  thinning  in  forests,  type  conversion 
and  biomass  harvesting  in  evergreen  shrub  areas. 


i'Tech.  Rep.  PSW-38.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Range 
;  iment  Station,  Forest  Service,  U.S.  Department  of  Agriculture:  19H2 
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and  grazing  of  grasslands  directly  and  indirectly 
affect  mineral  cycling.   Harvesting  not  only 
removes  biomass  and  the  nutrients  contained  in  the 
crop  but  also  can  accelerate  nutrient  losses  by 
erosion  and  leaching.   Harvesting  activities  may 
also  affect  nutrient  availability  on  the  site. 

Information  on  the  distribution  of  nutrients  in 
live  vegetation  (leaves,  twigs,  stems),  litter, 
and  soil  provide  an  important  basis  for  assessing 
the  impact  of  harvesting  because  this  information 
can  be  used  to  estimate  the  quantity  of  nutrients 
removed  from  a  site.   These  losses  can  then  be 
compared  with  total  nutrient  pools  on  a  site  and 
serve  as  the  basis  for  judging  whether  these 
losses  may  have  a  potential  impact  on  the  area. 
If  a  substantial  portion  of  the  nutrient  is  re- 
moved, there  may  be  a  decrease  in  site  productiv- 
ity unless  it  is  replaced  by  fertilization  or  some 
other  way.   A  recent  guide  developed  by  Boyer  and 
Dell  (1980)  outlined  an  approach  for  assessing  the 
impact  of  logging  and  slash  disposal  treatment  on 
forested  areas  in  the  Pacific  Northwest.   Unfor- 
tunately, the  amounts  of  nutrients  which  could  be 
removed  without  causing  site  degradation  (thres- 
hold values)  were  not  established  for  the  differ- 
ent nutrients. 

Some  general  guidance  is  also  available  on  the 
potential  impact  biomass  harvesting  may  have  on 
chaparral  sites.   Chaparral  sites  are  known  to  be 
low  in  nitrogen  and  phosphorus  (Hellmers  and 
others  1955) ,  thus  making  these  nutrients  of  the 
greatest  concern  to  the  land  manager.   Information 
on  the  distribution  of  different  nutrients  over  a 
wide  range  of  chaparral  sites  has  been  presented 
by  Zinke  at  this  symposium.   This  type  of  infor- 
mation when  combined  with  the  nutrient  requirements 
of  plants  may  provide  the  basis  for  classifying 
chaparral  sites  according  to  their  nutrient  pools 
and  their  possible  vulnerability  to  nutrient 
depletion  and  site  degradation. 


Characterizing  Fire  Intensity 

Fire  intensity  is  frequently  described  in 
qualitative  nonstandard  terms  as  being  light, 
moderate,  and  intense  because  it  is  difficult  t 
predict  heat  fluxes  and  time-temperature  relati 
ships  during  a  fire  (Rothermel  and  Deeming  1980 
Two  more  exact  expressions  of  fire  intensity, 
based  on  fire  behavior,  have  been  proposed — 
fireline  intensity  and  heat  per  unit  area. 
Fireline  intensity,  which  is  related  to  flame 
length,  is  best  suited  for  predicting  the  effec 
of  fire  on  items  in  the  flame,  such  as  the  comtt 
tion  of  branches,  leaves,  stems,  etc.   This  pail 
meter  would  be  best  suited  for  assessing  the 
impact  of  fire  on  nutrients  in  the  standing  bic|| 
mass.   Heat  per  unit  area  is  based  on  fireline 
intensity  and  the  rate  of  spread.   This  parame 
would  better  describe  fire  effects  in  the  litti 
and  duff  or  soil  heating.   Expressing  fire  int' 
sity  in  the  above  terms  for  individual  prescri! 
fires  is  complex  and  time  consuming  and,  there 
has  not  been  widely  used  in  the  past  for  asses:  n- 
fire  effects  on  soils.   However,  utilizing  fl.r 
lengths  to  calculate  fireline  intensity  as  out- 
lined by  Rothermel  and  Deeming  (1980)  may  make 
these  intensity  indexes  easier  to  determine  am 
more  widely  used. 

The  difficulties  described  above  in  determi' nt 
fire  intensities  has  led  to  the  use  of  more  qu-  i- 
tative  ways  of  classifying  fire  intensity.   Mo 
of  these  methods  are  based  on  the  appearance  o 
the  postburn  vegetation  and  litter.   Classif ic.:id 
systems  have  been  developed  for  forests  (Boyer  inf 
Dell  1980)  and  chaparral  areas  (Bentley  and  Fe  ler 
1958,  DeBano  and  others  1979b).   Postfire  seed ;d 
appearance  has  been  used  to  classify  fire  intc  ;it 
on  chaparral  areas  in  southern  California  (Wei; 
and  others  1979) ,  and  these  have  been  related  ) 
soil  temperatures  present  during  a  fire  (Bentl/ 
and  Fenner  1958) . 


Fire  Effects 

The  physical,  chemical,  and  microbiological 
properties  of  soil  are  all  affected  by  fire.   The 
physical  properties  most  likely  affected  are  soil 
aggregation  and  moisture  movement  (infiltration, 
water  repellency,  etc.).   Soil  chemical  properties 
most  readily  affected  are  organic  matter;  total 
and  available  forms  of  nitrogen,  phosphorus,  and 
sulfur;  and  ion-exchange  properties  of  the  soil. 
The  microbiological  properties  affecting  the 
input,  loss,  and  availability  of  nutrients  may 
also  be  significantly  affected  by  fire.   These 
include  such  properties  as  organic  matter  decom- 
position, nitrogen  fixation,  and  nitrification. 

The  changes  in  the  soil  occurring  during  a  fire 
seem  related  to  the  intensity  of  the  fire  (DeBano 
and  others  1979b).   Therefore,  it  is  essential  to 
first  characterize  fire  intensity  and  relate  it  to 
soil  heating  before  attempting  to  finally  assess 
fire  effects  on  soil  properties  and  nutrient 
cycling. 
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Relating  Soil  Heating  to  Fire  Intensity 

Once  fire  intensity  has  been  characterize, 
it  must  be  related  to  soil  heating  before  fire 
related  changes  in  the  soil  can  be  assessed. 
Unfortunately,  fireline  intensity  and  heat  pei 
unit  area  have  not  yet  been  related  to  soil  oi 
litter  heating  although  this  may  be  possible  t 
using  correlation  techniques  (Rothermel  and  Demii 
1980) .   Developing  a  relationship  between  fire 
intensity  and  soil  heating  is  further  complice  ed 
by  the  litter  layer  because  it  both  interfere; 
with  the  transfer  of  heat  downward  in  the  soiiac) 
burns,  releasing  additional  heat.   These  comp" 
cations  have  lead  to  failure  when  attempts  we] 
made  to  develop  useful  duff-consumption  (Van 
Wagner  1972)  and  duff-burnout  models  (Albini 
1975) .   The  litter  presents  a  more  formidable 
problem  in  forests  than  in  brush  areas  becaus(jtli 
litter  layer  is  generally  thicker  and  moister 

Until  the  shortcomings  of  the  litter  consuiibti 
and  fire  behavior  models  are  solved,  it  may  bj 


essary  to  measure,  or  estimate,  soil  and 
.ter  temperatures  and  relate  them  to  changes  in 
.1  properties.   Measured  soil  temperatures  have 
:n  used  to  predict  the  effects  of  light,  moder- 
;,  and  intense  fires  on  soil  properties  in 
.parral  areas  of  southern  California  (DeBano  and 
iiers  1979b)  .   When  soil  temperatures  cannot  be 
.sured  it  may  be  necessary  to  obtain  the  best 
.imates  possible  from  the  literature  or  wherever 
.a  exists. 


dfires  Versus  Prescribed  Fires 

When  fire  related  impacts  are  being  assessed  in 
•est  and  brush  areas,  it  is  important  to  dis- 
iguish  between  prescribed  burns  and  wildfires, 
dfires  in  both  forests  and  brushlands  usually 
n  intensely  because  the  conditions  are  condu- 
'e  to  rapid  propagation  (high  temperatures,  low 
lidities,  dry  fuels).   They  can  consume  large 
,. [las  in  a  short  time  while  destroying  most  of 
,, ,:  standing  vegetation  and  litter  on  the  soil 
I'face.   Fire  intensities  vary  locally  throughout 
area  burned  by  a  wildfire,  and  some  areas  burn 
moderate  or  low  intensities — or  in  some  cases 
:  unburned.   During  prescribed  burn  fires  the 
tensities  are  usually  lower  because  more  mar- 
lal  burning  conditions  are  selected.   During  a 
^;scribed  burn  in  brush  the  flames  move  through 
|:  canopy  where  they  consume  variable  amounts  of 
;'e  vegetation  and  most  of  the  dead  fuels. 
ji)urned  "islands"  are  common  during  low  to  moder- 
i!  intensity  prescribed  burns  in  brush.   Pre- 
"ibed  burning  in  forests  is  even  less  severe  and 
ji  designed  to  minimize  damage  to  the  larger 
jj.nding  trees  and  consume  dead  fuels  and  litter 
the  soil  surface. 

1| 


iessing  Fire  Effects 

Soil  Physical  Properties — The  soil  physical 
'perties  most  likely  altered  by  fire  are:  soil 
Ticture,  soil  wettability,  and  clay  mineralogy. 
!  destruction  of  organic  matter  and  soil  struc- 
."6  increases  bulk  density,  diminishes  aggregate 
...Jaility,  and  decreases  macro-pore  space.   When 

leral  soil  is  heated  to  980  C  clay  minerals  are 
Jreversibly  altered  (Ralston  and  Hatchell  1971) . 
ijl.eration  of  organic  substances  starts  at  200  C 
J  85  percent  are  destroyed  at  3  00  C  (Hosking 
^,.i8)  .   Within  this  temperature  range,  hydrophobic 
.J. (Stances  responsible  for  decreasing  soil  wetta- 
,j,.ity  are  vaporized  in  the  surface  litter  and 
,;.;till  downward  in  the  soil  where  they  condense 
■j[l  form  a  water  repellent  layer  (DeBano  1981)  . 
.j'lperatures  of  250  C  are  necessary  to  fix  the 
ilrophobic  substance  tightly  to  the  soil  par- 
ses.  Above  288   C  the  hydrophobic  substances 
:  destroyed.   The  loss  of  soil  structure  and  a 
:rease  in  wettability  decreases  infiltration  and 
;entuates  runoff  and  erosion. 


Soil  Chemical  Properties — Although  burning 
alters  several  soil  chemical  properties,  the 
changes  of  most  concern  to  the  land  manager  are: 
the  organic  matter,  nitrogen,  phosphorus,  and 
perhaps  sulfur  and  potassium  contents.   Loss  of 
organic  matter  decreases  cation  exchange  capacity 
and  diminishes  the  soils'  ability  to  retain  the 
abundant  available  plant  nutrients  released  on  the 
site  during  a  fire.   This  is  of  greatest  concern 
in  a  coarse  textured  soil  containing  small  amounts 
of  clay. 

Nitrogen  is  probably  the  most  important  plant 

nutrient  affected  by  fire  because  it  is  the  nutrient 

most  likely  to  be  limiting  (Hellmers  and  others 

1955)  and  a  large  amount  of  the  total  nitrogen  is 

volatilized  and  lost  during  fire  (DeBano  and 

Conrad  1978) .   Fire  also  affects  organic  nitrogen 

mineralization  and  may  make  this  nutrient  readily 

available  to  plants  (DeBano  and  others  1979a) .   As 

the  intensity  of  burning  increases,  the  amount  of 

nitrogen  lost  by  volatilization  increases.   At 

temperatures  above  500   C,  100  percent  of  the 

nitrogen  in  plant  and  litter  material  is  lost 

(White  and  others  1973) .   Between  300°  and  400°  C, 

50  to  75  percent  of  the  nitrogen  is  lost.   Between 

o        o 
200   and  300   C,  up  to  50  percent  of  the  nitrogen 

may  be  lost,  and  below  200  C  no  measurable 

nitrogen  is  lost.   The  information  on  nitrogen 

losses  at  different  temperatures  can  be  combined 

with  the  surface  and  soil  temperatures  and  used  to 

estimate  nitrogen  losses  at  different  burning 

intensities  (fig.  1) .   The  amount  of  nitrogen 

volatilized  from  the  standing  plants  (live  and 

dead)  also  depends  on  both  the  intensity  of  the 

fire  and  the  completeness  of  the  burn.   Even  when 

most  of  the  standing  shrub  vegetation  is  consumed, 

significant  amounts  of  nitrogen  can  remain  in  the 

charred  branches  and  stems  remaining  after  the 

fire.   Nitrogen  losses  by  volatilization  during 

prescribed  fires  in  forested  areas  is  probably 

less  than  in  chaparral  because  the  soil,  litter 

and  duff  temperatures  are  much  lower  than  during 

brush  fires  (DeBano  and  others  1979b) . 

Sulfur  is  also  volatilized  but  less  is  known 
about  it  than  nitrogen.   The  importance  of  sulfur 
losses  will  require  additional  research.   One 
study  indicated  potassium  may  be  lost  during 
burning  (DeBano  and  Conrad  1978)  although  this  may 
have  a  minor  consequence  because  it  is  probably 
replaced  by  weathering  of  parent  material  during 
soil  formation. 

Many  other  plant  nutrients  contained  in  the 
organic  matter,  including  phosphorus,  are  released 
and  made  readily  available  by  burning.   The 
abundance  of  available  plant  nutrients  after  fire 
makes  the  fertilization  of  freshly  burned  areas 
questionable.   Little  information  is  currently 
available  on  the  length  of  time  these  nutrients 
remain  in  an  available  form  before  being  immo- 
bilized.  Although  on-site  movements  occur,  the 
losses  from  an  entire  watershed  are  not  well 
understood.   Most  nutrients  lost  because  of  erosion 
are  lost  in  debris  rather  than  in  runoff  water 
(DeBano  and  Conrad  1976) . 
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Figure  1 — Surface  and  soil  temperatures,  and 
associated  losses  of  nitrogen  during:   intense, 
moderate,  and  light  intensity  fires  in  chaparral 
(DeBano  and  others  1979)  . 

Soil  Microorganisms — Soil  heating  directly 
affects  microorganisms  either  by  killing  them 
directly  or  altering  their  reproductive  capabil- 
ity.  Indirectly,  soil  heating  alters  organic 
matter,  which  increases  nutrient  availability 
(particularly  nitrogen  and  carbon) ,  and  stimulates 
microbial  growth  rates.   Although  a  complex 
interrelationship  exists  between  soil  heating  and 
microbial  populations  in  soils,  it  appears  that 
duration  of  heating,  maximum  temperatures,  and 
soil  water  content  all  may  affect  microbial  re- 
sponses (Dunn  and  others  1979) .   Generally,  bac- 
teria are  more  resistant  to  heating  in  both  wet 
and  dry  soil  than  are  fungi.   The  lethal  temper- 
ature for  bacteria  was  found  to  be  210°  C  in  dry 
and  110  C  in  wet  soil.   Fungi  have  been  found  to 
tolerate  temperatures  of  only  155°  C  in  dry  soil 
and  100  C  in  wet  chaparral  soils.   Nitrifying 
bacteria  appear  to  be  particularly  sensitive  to 
soil  heating,  and  even  the  most  resistant  of  the 
Nitrosomonas  bacteria  can  be  killed  in  dry  soil  at 
140  C  and  in  wet  soil  at  75°  C. 

The  sensitivity  of  microbial  populations  to 
burning  over  wet  soils  points  to  the  necessity  for 
evaluating  the  tradeoffs  between  microbial  popu- 
lations, soil  nitrogen,  and  soil  wettability 


348 


■■a 
fa 


during  prescribed  fires.   Both  soil  wettabilityl||fj,j 
and  nitrogen  losses  are  reduced  by  burning  over 
wet  soils  because  the  soil  temperatures  are  low^ 
less  nitrogen  is  lost  by  volatilization,  and  wa 
repellency  is  less.   Microbial  populations,  and 
possibly  seeds,  may  be  adversely  affected  by 
burning  over  wet  soil.   If  the  seeds  of  many  of 
the  short-lived  perennial  nitrogen-fixing  plant 
are  adversely  affected  by  burning  over  moist 
soils,  then  the  tradeoffs  between  nitrogen  loss 
and  microorganisms  must  be  considered  in  terms 
both  short-  and  long-term  plant  succession  and 
site  productivity. 
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Disturbing  the  vegetation  on  a  site  by  type 
conversion  may  release  high  concentrations  of 
nitrate  nitrogen  in  streamflow.   Type  conversio 
resulting  from  logging  in  forests  (Vitousek  and 
Melillo  1979)  and  converting  brush  to  grass  (Da 
this  session)   may  both  release  large  amounts  o  5, 
nitrate  nitrogen.   It  is  hypothesized  that  the 
disturbance  affects  both  the  mineralization  of 
nitrogen  and  its  retention  in  the  soil.   The 
nitrogen  compounds  released  during  the  decompoEfc;^ 
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n,  which  had  been  returned  to  the  surface  by 
deep-rooted  shrubs,  are  not  returned  by  the 
llower  rooted  grasses.   Therefore,  the  nitrates 
no  longer  cycled  from  the  deeper  soil  depths 
instead  percolate  downward  with  the  water 
bugh  the  soil  profile,  and  later  appear  in  the 
teamflow.   Although  large  amounts  of  nitrogen 
c  be  lost  they  probably  do  not  affect  site 
ttility  but  are  more  important  in  terms  of 
cnstream  water  quality.   This  nitrate  loss  could 
ome  an  important  management  consideration  if 
conversions  were  proposed  above  reservoirs 
or  domestic  and  recreational  purposes. 

■  uer  impacts  that  need  to  be  considered  when 
ciiij  brush  to  grass  conversions  are  erosion  on 
tep  slopes  and  the  possible  contamination  of 
fnstream  water  if  herbicides  are  used  for  brush 

ctriii. 


i^; :  lENDATIONS  FOR  FILLING  INFORMATION  GAPS 

The  information  discussed  above  on  the  response 
ijsoils  and  mineral  cycling  to  different  manage- 
Kt  situations  in  mediterranean  ecosystems  needs 
icbe  presented  in  a  format  which  can  be  used  by 

I  land  manager  for  making  on-the-ground  decisions 

II  assessments.   Although  state-of-knowledge 
ulications  provide  excellent  reviews  of  research 
:i dings,  they  do  not  satisfy  the  immediate  needs 
tithe  manager.   Instead  guides  or  "handbooks" 
ijilar  to  the  one  developed  by  Boyer  and  Dell 
iiSO)  for  assessing  the  effects  of  fire  on  Pacific 
Icthwest  soils  seem  to  be  more  useful  for  manage- 
U,t  situations  than  are  research  reviews.   These 
uhors  brought  together  existing  information  on 

:;  e  effects  in  soils  from  scientific  journals, 
it  te-of -knowledge  publications,  and  by  verbal 
;c Tiuiiications  with  researchers.   This  material 
n    presented  in  a  format  which  could  be  used  for 
ksessing  fire  impacts  under  different  prescribed 
kning  conditions  and  residue  treatments  in  the 
'cific  Northwest.   Similar  publications  are 
u ded  for  chaparral  soils  under  the  management 
iiuations  discussed  in  this  presentation.   Spe- 
:iic  handbooks  needed  and  the  information  necess- 
11  lor  developing  these  are: 

Handbook  Relating  Soil  Heating  to  Fire  Inten- 
""  '--This  publication  should  consider  when:   (a) 

intensity  is  determined  by  postfire  visual 
.'iir.ation  and  temperatures  are  not  measured,  and 
[I    surface  temperatures  are  measured.   If  only 
^:ual  estimates  are  made  of  fire  intensities, 
-I  a  soil  temperatures  must  be  based  on  data 
."orted  in  the  literature.   Photographs  of  post- 
:;   conditions  representing  light,  moderate,  and 

;e  burns  would  aid  in  classifying  fire  inten- 
•---•s.   A  section  of  the  guide  should  also  be 
ted  to  describing  the  methods  available  for 
suring  soil  and  surface  temperatures  during 
scribed  burns.   Sufficient  information  is 
rently  available  to  write  this  handbook  without 
ting  for  the  development  of  physical  models 
iting  fire  intensity  or  behavior  to  soil  heat- 
When  stronger  physical  relationships  are 
ablished,  these  can  be  used  to  refine  and 


upgrade  the  initial  handbook. 

Handbook  Relating  Soil  Heating  to  Changes  in 
Soil  Properties  and  Nutrient  Cycling  in  Chaparral — 
This  should  be  a  comprehensive  document  outlining 
the  effects  of  different  degrees  of  soil  heating 
on  changes  in:   soil  physical,  chemical,  and 
biological  properties;  nutrient  availability; 
susceptibility  to  erosion;  and  site  productivity. 
This  handbook  should  consider  the  nutrient  changes 
occurring  when  aboveground  plant  material  is 
burned  because  these  nutrients  are  deposited  on 
the  soil  surface  in  a  highly  available  form  where 
they  affect  site  productivity  and  are  susceptible 
to  loss  by  postfire  erosion.   The  effect  of  burn- 
ing over  wet  and  dry  soil  and  associated  tradeoffs 
need  to  be  addressed.   The  effects  of  repeated 
fire  on  steep  slopes  needs  to  be  considered  when 
prescribed  burning  is  to  be  used  to  develop  mosaic 
stands  of  different  aged  brush.   Critical  slope 
criteria  already  developed  for  brush  to  grass 
conversion  need  to  be  adapted  to  areas  subjected 
to  periodic  burning  programs. 

Handbook  Relating  Biomass  Removal  to  Nutrient 
Cycling  and  Site  Productivity  in  Chaparral — The 
increasing  interest  in  the  potential  use  of  chap- 
arral biomass  for  energy  and  other  uses  makes  it 
necessary  to  assess  the  impacts  of  crop  removal  on 
site  productivity.   The  effect  of  removing  an 
entire  standing  crop  may  be  more  important  than 
merely  removing  tree  boles  during  logging. 
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)me  Recent  Aspects  and  Problems  of 
laparral  Plant  Water  Relations^ 


;phen  W.  Roberts^ 


Water  is  a  critically  important  resource  for 
ints  and  is  often  limiting  with  respect  to 
int  growth,  development,  and  distribution, 
'ironmental  water  availability  may  also  be  quite 
•iable  in  space  and  time.   In  view  of  both  the 
jnificance  of  water  to  plant  processes  and  its 
•iability  in  nature,  any  mechanisms  by  which 
ints  might  stabilize  their  internal  water 
'ironment  against  a  changing  external  water 
;ime  would  have  great  adaptive  significance, 
iparral  shrubs  must  endure  droughts  which  occur 
jeatedly  with  varying  severity  over  the 
:et ime  of  an  individual  plant  (Mooney  and  Dunn 
'0).   The  objective  of  this  paper  is  to  briefly 
'iew  some  current  research  results  on  the  water 

ations  of  selected  chaparral  and  matorral 
ints  and  to  characterize  aspects  of  the  plant 
sponses  to  developing  water  deficits  during 
)ught  . 


VPARRAL  FIELD  WATER  RELATIONS 

Field  measurements  of  xylem  pressure  potential 
1  leaf  conductance  were  made  through  a  summer 
)ught  cycle  for  Adenost oma  f asc  icul at  um  H.  & 
,  Ceanothus  greggii  var.  perpl exens  (Trel.) 
)S  .  (C^.  ^.    Trel  .  ]  ,  Quercus  dumosa  Nut  t  .  ,  and 
■'tost  aphy  1  OS  gl  auca  Lindl  .  [A  .  g  var  .  eremicola 


38  .  J ,  four  common  and  widespread  southern 
j  ifornia  chaparral  shrub  species  (Munz  and  Keck 
)9 ) .   Measurements  were  obtained  from  June 
rough  November  1978  at  the  Echo  Valley  research 
:e  in  San  Diego  County,  California.   The 
search  site  has  been  previously  described 
3ole  and  Miller  1975,  Mooney  1977,  Thrower  and 
adbury  1977).   Measurements  in  A.  f asc  i  cul at  um, 
I   greggi  i ,  Q.  dumosa ,  and  A.  gl auca  were 
::ained  for  individuals  growing  in  close 
isociation  on  a  north  (  pol  e- )-f  ac  ing  slope, 
'litional  measurements  were  made  in  a  pure  stand 
'■   A.  f  asc  i  cu  1  at  um  growing  on  an  adjacent  south 
.quat  or- )-f  ac  ing  slope. 

Seasonal  patterns  of  leaf  water  potential, 
usured  with  a  pressure  bomb  (Scholander  and 
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Abstract:  Current  research  on  the  water  relations 
of  shrub  species  in  the  southern  California 
chaparral  and  the  central  Chilean  matorral 
vegetations  is  reported.  A  fair  data  base  is  now 
available  to  characterize  water  potentials, 
stomatal  conductances,  and  plant  water  use 
patterns  in  some  of  the  more  common  shrubs  in  the 
chaparral  and  matorral  vegetations.  Much  less  is 
known  about  the  water  relations  of  the  herbaceous 
plants,  succulents,  and  tree  species  of  these 
areas.  Osmotic  relations  appear  particularly 
important  in  understanding  adaptation  of  these 
plants  to  the  mediterranean-climate  water 
envi  ronment . 


others  1965),  appeared  to  segregate  by  species 
rooting  distribution  (fig.  1).   Ceanothus  greggii 
and  A.  gl auca ,  which  tend  to  be  shallow-rooted 
(Hellmers  and  others  1955,  Miller  and  Ng  1977) 
showed  similar  seasonal  water  potentials  which 
were  increasingly  more  negative  than  the  water 
potentials  in  A^.  fasc  iculat  um  and  Q^.  dumosa, 
which  tend  to  be  deep-rooted.   Site  effects  can 
override  species  differences,  however. 
Adenostoma  fasc icul at um,  measured  during  the  same 
time  period  in  a  pure  stand  on  an  adjacent 
equator-facing  slope,  showed  consistently  more 
negative  minimum  water  potentials  than  A^.  glauca 
and  C.  greggi  i  on  the  pole-facing  slope  (fig.  1). 
It  thus  appears  that  particular  water  potential 
values  should  not  in  general  be  taken  as  a 
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Fig.  1.   Seasonal  course  of  mean  minimim  leaf 
water  potentials  with  standard  errors  estimated 
with  a  pressure  bomb  in  Adenostoma  fasciculatum 
on  the  pole-  (A)  and  equator-facing  slopes  (J^) , 
and  Quercus  dumosa  (  ^) ,  Ceanothus  greggi  i  (  ■  ) , 
and  Arctost  aphylos  glauca  (Q)  on  the  pole-facing 
s  1  o  pe  . 


I  Tech.  Rep.  PSW-58.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Range 
'  riment  Station.  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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species-specific  property.   The  water  potential 
measurements  may  serve  as  a  relative  index  of 
drought  stress  among  several  species  occupying 
the  same  local  site,  but  the  variation  in  water 
potential  within  a  species  from  site  to  site  can 
be  often  greater  than  the  interspecific  water 
potential  variation  within  a  site. 

Additional  measurements  of  stomatal 
conductance  were  made  using  the  "null-balance" 
porometer  approach  (Beardsell  and  others  1972). 
Maximum  conductances  showed  differences  between 
species  and  in  A.  fasciculat um  there  were  further 
differences  by  leaf  age  class  (fig.  2).   All 
conductances  reported  here  are  based  on  the  total 
leaf  surface  area.   Conductances  based  on  a 
projected  leaf  area  would  be  twice  the  values 
reported  here  for  the  broadleaf  species 
A^.  glauca,  C^.  greggi  i  ,  and  Q_.    dumosa ,  and 
approximately  three  times  the  values  reported 
here  A.  fasciculat um.   Early  season  measurements 
showed  A.  fascicul at um  with  the  highest 
conductance  and  new  A.  fasc  icul at  um  leaves  with 
conductances  of  about  0.8  cent  imet ers  f)er  second 
in  mid-June.   There  were  no  differences  in 
maximum  conductances  between  old  and  new  leaves 
of  A^.  glauca,  which  generally  showed  the  lowest 
maximum  conductances.   Ceanothus  greggii  and 
Q^.  dumosa  showed  maximum  conductances 
intermediate  to  A.  fasciculatum  and  A.  glauca. 
In  all  species  maximum  conductance  decreased  as 
the  drought  cycle  progressed,  reaching  late 
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Fig.  2.   A.   Seasonal  course  of  mean  maximum  leaf 
conductance  with  standard  errors,  measured  on  the 
pole-facing  slope  for  Adenostoma  fasciculatum 
(Acurrent  year's  leaves,  J^old  leaves),  Quercus 
<^""'osa  (^old  leaves),  Ceanothus  greggii  (Jold 
leaves),  and  Arct  os  t  aphy  los  glauca  (Qcurrent 
year's  leaves, 0  old  leaves).   B.   Comparison  of 
seasonal  courses  of  mean  maximum  leaf  conductance 
with  standard  errors  in  Adenostoma  fasciculatum 
old  (A)  and  new  (A)  leaves,  growing  on  the 
pole-  ( )  and  equator-facing  ( )  slopes. 


season  values  of  0.05-0.15  centimeters  per 
second. 

Within  A.  fasciculatum  maximum  leaf 
conductances  differed  with  leaf  age  class  and 
shrub  exposure  (fig.  2).   Adenostoma  fasciculat 


shrubs  on  the  pole-facing  slope  showed  higher 
maximum  conductances  than  did  A.  fasciculatum  o 
the  equator-facing  slope  and  on  each  slope  the 
new  leaves  showed  higher  early  season  maximum 
conductances.  The  early  October  peak  in  maximu 
conductance  was  associated  with  a  short  period 
precipitation.  The  effect  of  precipitation  was 
more  pronounced  in  the  conductance  response  of 
the  equator-facing  slope  shrubs,  but  can  be  not 
in  the  pole-facing  slope  shrubs  as  well  (fig 

Contrasts  in  leaf  conductance  between  leaf  a, 
classes  have  not  been  studied  previously  in  the 
species.   Roberts  and  others  (1979)  measured 
consistent  differences  in  leaf  conductance  in 
Ilex  opaca  Ait,  early  in  the  growing  season  wit 
new  tissue  showing  lower  conductance  than  old 
tissue.   These  differences  were  gone  by 
midseason.   The  controls  determining  conductanc 
differences  between  the  new  and  old  leaves  in 
A.  fasciculatum  may  be  related  to  both  endogenc  ji 
developmental  patterns  of  leaf  maturation  and 
external  conditions  related  to  the  water  histo 
of  the  tissue.   For  example,  the  early  season 
conductance  differences  were  greater  in 
A.  fasciculatum  on  the  pole-facing  slope  than 
A.  fascicul  at  um  on  the  equator-facing  slope  an(  '' 
the  differences  were  maintained  further  into  tl 
regional  drought  cycle  in  A.  fasc  iculat  um  on  tl 
pole-facing  slope  (fig.  2).   The  seasonal  wate 
potential  data  showed  that  A.  fasc  iculat um  on 
equator-facing  slope  developed  water  stress 
sooner  and  to  a  greater  degree  than  did 
A.  fasc  i  cul at  um  on  the  pole-facing  slope 
(fig.  1).   This  suggests  that  stomatal  behavio 
becomes  increasingly  conditioned  by  the  water 
status  of  the  tissue  as  water  becomes 
increasingly  limited. 
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The    magnitude    and    duration    of    differences    i 
conductance    between    leaf    age    classes    appears 
strongly    influenced    by    the   water    history   of    th 
tissue.      Shrubs    which    tend    to    be    deep-rooted, 
such    as   A.    fasc  i  culat um,    and   which    are    located 
sites    producing    less   water    stress,    pole-facing 
slopes,    showed    larger    age    class    differences    in 
leaf    conductance    and   maintained    the    difference 
further    into    the    regional    drought    cycle. 
Shal 1 ow-root ed    shrubs,    such    as    A.    glauca,    show 
much    reduced    leaf    age    class    conductance 
differences.      Age    class    differences    in 
conductance   were    diminished    earlier    in    the    se£ 
in    plants    occupying    sites    of    greater   water    str 
(A.    fasc  iculat  um   on    the    equator-facing    slope) 
compared    to    plants    of    the    same    species    occupyi 
sites    of    lesser   water    stress    (A.    fasc  icul at  um  !    * 
the    pole-facing    slope).      This   may    result    from 
earlier    dominance    of    leaf   water    status    on    the 
equator-facing    slope    as    a   major    control    affect! 
stomatal    behavior. 
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;.  3.   Seasonal  course  of  leaf  conductance-leaf 

er  potential  relation  in  Adenostoma 

>cicul at  um  on  the  equator-facing  slope,  showing 


ge  hysteresis  from  morning  (AM)  to  afternoon 
l)  in  the  early  season  June  measurements  and 

reasing  hysteresis  as  the  drought  progresses. 

ironmental  measurements  are  shown  in  Figure  3. 
'ails  are  discussed  in  the  text. 


The  increasingly  dominant  role  of  tissue  water 
tus  in  determining  stomatal  behavior  as  the 
I  ught  cycle  progresses  is  indicated  by  the 
I sonal  course  of  the  daily  conductance 
I  teresis  curves  (fig.  3).   Presumably,  stomata 

■  pond  to  a  complex  of  environmental  factors, 
lading  light,  temperature,  carbon  dioxide, 

I  idity,  wind,  and  tissue  water  status  (Jarvis 
6).   The  large  hysteresis  in  the  early  season 
f  conductance-water  potential  relation 
icates  that  several  factors  are  operating 
ultaneously  to  determine  stomatal  responses 

1  that  leaf  water  status  is  only  one  factor 
ctioning  in  concert  with  others  to  affect 

'rail  stomatal  behavior.   The  seasonal  tendency 
decreasing  hysteresis  in  the  conductance-water 

nential  relation  suggests  that  tissue  water 

.■tus  assumes  an  increasingly  dominant  role  in 
trolling  stomatal  behavior  under  sustained 

'  ught  condi  t  ions  . 

;  Specht  (1972)  has  suggested  that  evergreen 

■  ubs  in  mediterranean  climates  may  moderate 
' er  use  such  that  soil  moisture  would  be 

served  and  processes  such  as  photosynthesis 
1  growth  would  be  possible  throughout  the  year. 
'  ler  and  Poole  (1979)  suggest  that  such 
leration  of  water  use  by  a  species  may  be 
I  ptive  in  pure  stands,  but  not  in  mixed  stands 
I  to  interspecific  competition  for  soil 
'sture.   The  present  study  showed  that 
I,  fasc  iculat  um  in  a  pure  stand  on  the 
■!  at  or-f  ac  ing  slope  had  generally  lower  leaf 
'ductance  than  did  A^.  fasc  icul  at  um  growing  in  a 
'  ed  stand  on  the  pole-facing  slope,  supporting 

suggestion  of  Miller  and  Poole  (1979). 
'ever,  water  potentials  in  A.  fasc  iculat um  on 

equator-facing  slope  were  consistently  more 
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Fig.  4.   Stomatal  conductance  and  water  pxstential 
in  Quercus  agri  fol ia  at  the  Thousand  Oaks  site. 


negative  than  for  A.  fasc  iculat um  on  the 
pole-facing  slope,  so  that  the  observed 
conductance  differences  in  A^.  fasc  iculat  um  cannot 
be  ascribed  solely  to  interspecific  competitive 
effects,  but  must  be  conditioned  as  well  by  the 
differing  water  history  the  plants  experience  on 
the  two  slopes. 


OAK  FIELD  WATER  RELATIONS 

Late  summer  measurements  of  water  potential 
and  stomatal  conductance  in  Quercus  agr  i  f ol i  a  Nee 
and  Que  reus  lobat  a  Nee  at  a  study  site  near 
Thousand  Oaks,  California  showed  conservative 
patterns  of  water  use,  with  low  stomatal 
conductances  and  water  potentials  much  higher 
than  values  measured  in  the  shrubs  (fig.  4). 
Water  potential  measurements  in  Q.  agr i  fol i  a  and 
Q.  lobata  indicated  Q.  lobat  a  undergoing  slightly 
more  negative  midday  water  potentials  compared  to 
Q.  agri  fol ia  (fig.  5).  Experimentation  with 
partial  root  system  removal  (approximately  70%  of 
lateral  roots)  showed  an  immediate  negative  shift 
in  Q.  agr  i  fol ia  of  approximately  1.0  MPa  (fig. 
6).  This  pattern  of  increased  water  stress 
persisted  over  time,  both  in  terms  of  more 
negative  midday  values,  and  also  in  a  reduced 
ability  to  recover  overnight  from  the  previous 
days  t ranspi rat ional  water  losses.  Early  morning 
and  pre-dawn  measurements  in  the  root-cut  tree 
were  always  1.0  -  1.5  MPa  more  negative  than 
those  of  a  nearby  control  tree  (fig.  6). 


MATORRAL  FIELD  WATER  RELATIONS 

Comparative  measurements  in  the  Chilean 
matorral  (nomenclature  follows  Mu??oz  Pizarro, 
1966)  showed  differing  species  sensitivity  to 
drought  severity.   Trevoa  trinervis  Miers, 
Satureja  gilliesii  (Grab.)  Brig.,  Li thraea 
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Fig.  5.   Daily  courses  of  water  potential 
measured  in  Quercus  agrifolia  (A)  and  Quercus 
lobata  (B)  at  the  Thousand  Oaks  site. 
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Fig.    6.       Daily    course    of   water    potential    and 
stomatal    conductance   measured    in    Quercus 
^g'''^°^'a    at    the   Thousand   Oaks    siTT.      Shaded    area 
on    11    October    1978    indicates    time    of    root    cutting 
on   an    experimental    tree. 
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Fig.    7.      Daily    courses    of    water    potential    in    tl 
Chilean   matorral    species    Colliguaya   odorifera 
(Co),    Satureja    gi 1 1 iesi  i    (Sg),    Trevoa    trinervi 
(Tt ) ,    Qui  1 laja    saponaria    (Qs ) ,    and   Crypt ocarya 


al ba    (Ca)    on    a    ridge-top    (RT)    and    a    pole-facin 
slope    (PFS). 


caust  ica    (Mol . )    H.    et    Arn.,    and    Col  1 iguaya 
odorifera  Mol  .  ,    four    shrub    species    located    on   c^| 
ridgetop   site    at    Fundo    Santa    Laura,    near   Til-TJ 
in   central    Chile    (site    described    in   Thrower    an<| 
Bradbury    1977),    all    showed    seasonal    decreases 
daily    courses    of    both   water    potential    (fig.    7)| 
and    stomatal    conductance    (fig.    8).      Qu i 1 laja 
saponaria  Mol . ,    Crypt  ocarya    alba    (Mol . )    Looser  I 
and    L.    caust  i  ca    on    an    adjacent    pole-facing    slol 
showed    an    opposite    seasonal    pattern    in    stomataJ 
conductance,    with    higher    values    in    February,    1| 
in   the    Chilean    drought    season,    compared    to 
measurements    in    November.    Water    potentials    of 
pole-facing    slope    plants    did    decrease    from 
November    to    February,    but    the    decreases   were    1| 
and    the    values   were    generally   higher    than    the 
equator-facing    slope    values. 


CHAPARRAL   WATER   POTENTIAL    COMPONENTS 

The    capacity    of   many    chaparral    plant    specief 
to   develop   and   endure    very    negative    tissue    watr 
potentials    is    now  well    recognized.      The    quest  i,nj 
remains,    however,    as    to    just    how    the    tissue    wsj 
potential    is    partitioned    into    its    turgor, 
osmotic,    and   matric    components.       Increasingly, 
the    importance    of    characterizing    the    component! 
of   water    potential    has    been    recognized    (Hsiaol 
others    1976,    Fereres    and    others    1978)    as   well   s' 
the    importance    of    understanding   osmotic    and 
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.  8.   Daily  courses  of  stomatal  conductances 
the  Chilean  matorral  species  Col  1 iguaya 
Mrifera  (Co),  Lithraea  caust  ica  (Lc),  Trevoa 
-_jTervis_  (Tt),  Quillaja  saponaria  (Qs),~7nd 
:!  ptocarya  alba  (Ca),  on  a  ridge-top  (RT)  and  on 
ole-facing  slope  (PFS). 


uctural  properties  of  tissue  which  determine 
i;  component  potentials.   The  pressure-volume 

fphnique  (Tyree  and  Hammel  1972,  Roberts  and 
oerr  1977)  is  an  analytical  approach  which 
^iows  the  tissue  water  potential  to  be 

jjrtitioned  into  components. 

J  The  pressure-volume  approach  has  been  applied 
J.,  several  southern  Californian  chaparral  shrub 
ji!cies.   Water  potential  component  diagrams 
lij.g.  9),  showing  water  potential  with  its 
tissure  (turgor)  and  nonpressure  (osmotic  plus 
•ric)  components,  indicated  that  osmotic 
■entials  were  unexpectedly  high  (approximately 
I'MPa).   The  f)otentials  are  shown  as  functions 
,1  relative  water  deficit  WD  =  (Turgid  wt  -  Fresh 
"/(Turgid  wt  -  Dry  wt  ) .   Ceanothus  greggi  i  ,  A^. 
icicul  at  urn,  and  A^.  gl  auca  showed  similar 
tial  osmotic  potentials  (osmotic  potential  at 
1  turgor)  of  approximately  -2.7  to  -3.0  MPa. 
I'rcus  dumosa  showed  an  initial  osmotic 
..i^ential  of  approximately  -4.6  MPa.   The  turgor 
ponses  were  summarized  by  plots  of  the  turgor 
■  iponent  ,  the  "volume-averaged"  turgor  of  Tyree 
J  Hammel  (1972),  versus  the  total  water 
'ential  (Fig.  11).   The  rate  of  change  of 


gor  pier  change  in  water  potential  was  similar 
;,;  all  the  species.   Sf>ecies  differences  were 
ociated  with  displacements  of  the  magnitude  of 

turgor  component,  with  Q.  dumosa  showing  the 
best  turgor  values  at  any  given  water 
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Fig.  9.   Water  potential  component  diagram  for 
Que  re  us  dumosa  (QD),  Adenostoma  fasciculatum 
(AF),  Ceanothus  greggi i  (CG),  and  Arct os t aphy los 
glauca  (AG),  sFowing  water  potential  (^)  and  its 
turgor  (O^  ^nd  non-pressure  (D)  components. 
Turgor  is  positive,  other  components  are 
negat  i ve . 
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Fig.    10.       Daily    course    of    water    potential 
measured    during    the    late    summer    {period   when 
pressure-volume    analyses    were    concurrently 
performed.       Species    symbols    are    as    in    figure    9. 
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WATER  POTENTIAL   (BARS) 

Fig.  11.   Turgor  pressure  plotted  as  a  function 
of  water  potential.   Arrows  show  the  pwint  of 
zero  turgor  as  determined  by  the  pressure-volume 
analysis.   Species  symbols  are  as  in  Figure  9. 


potential,  resulting  largely  from  the  more 
negative  osmotic  potentials  in  that  species. 

The  high  osmotic  values  were  unexpected  in 
regard  to  concurrent  field  measurements  of  water 
potential  and  stomatal  conductance,  which  showed 
that  the  plants  were  regularly  undergoing  water 
potentials  substantially  more  negative  than  the 
osmotic  plus  matric  components  estimated  bv 
pressure-volume  analysis  (fig.  10).   Diurnal 
patterns  of  xylem  pressure  potentials  showed 
clear  species  segregation,  with  C.    greggi  i  and  A. 
glauca  developing  similar  minimum  potentials  of 
approximately  -5.5  MPa  during  midday,  about 
1.3  MPa  more  negative  than  the  midday  values  for 
Q,-  dumosa  and  A.  f  asc  i  cu  1  at  um.   In  addition,  Q. 
dumosa  and  A^.  fasciculat  um  showed  higher  early^ 
morning  potentials  and  more  rapid  water  potential 
recovery  in  the  afternoon  compared  to  C.  greggi  i 
and  A.  glauca.   From  the  diagrams  in  fTgure  9  we 
would  predict  loss  of  bulk  leaf  turgor  at  a  water 
potential  of  about  -3.6  MPa  in  Arct os t aphy lous 
gj_au£a.   Yet,  from  daily  course  field  data  on  the 
same  plants  within  five  days  of  the 
pressure-volume  analyses  we  know  these  plants  are 
commonly  reaching  -5.5  MPa  in  midday  water 
potentials  (fig.  10),  well  beyond  the  turgor-loss 
point  predicted  by  the  pressure-volume  analyses. 
The  a  priori  expectation  was  that  seasonal 
osmotic  adjustment  would  occur  such  that 
increasingly  negative  water  potentials  could 
develop,  with  concurrent  osmotic  adjustment 
allowing  maintenance  of  turgor.   Figure  11  shows 
that  pressure-volume  results  would  predict  less 
of  turgor  at  water  potentials  substantially 
higher  than  those  actually  measured  in  the  field. 
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Fig.  12.  Osmotic  potential  plotted  as  a  functi 
of  water  potential  during  the  season  for  Querc| 
dumosa  showing  daily  shifts  in  the  osmotic 
component    from  morning    (Q)    to    afternoon    (Q). 


indicating    the    plants   would    go    through    a    large 
part    of    the    day   with    zero    turgor.  Hi 


This    seemed    inconsistent    with    the    notion    of 
plant    osmotic    adjustment    and    adaptation    to 
environment.      The    pressure    volume    results 
presented    here    reflect    measurements    on    tissue 
rehydrated    overnight    and,    thus,    subjected    to 
water    availability    conditions    quite    dissimilarl 
from    the    conditions    the    tissue    experiences    in 
field.       If    the    tissue    alters    its    osmolality   o 
effective    elasticity    during    the    rehydration 
period,    the    analysis    results   will     reflect    tis 
responses    which   will    not    be    directly   applicabl| 
to    the    field    situtation,    at    least    for    these 
species.      Short-term   osmotic    adjustments    of 
approximately   0.8   MPa   over    a    few   hours    have    bcl 
measured    in    field-grown   maize    (Acevedo    1975, 
Hsiao    et    al .    1976)    and    in    apple    (Davies    and    L, 
1979).      Measurements    of    short-term   osmotic 
adjsutments    in    two    forest    tree    species    (Ilex 
opaca    and    Cornus    florida)    showed    only    small 
( <   0.1    MPal    changes    from   morning    to    afternoon 
(Roberts    et    al .    1980).      Thus,    it    appears    that 
species    may    differ   with    regard    to    their    abili 
to    undergo    short-term    changes    in    tissue 
osmolality.      The    results    of    the    present    study; 
suggest    that    these    chaparral    species    may    undefeoi! 
daily    shifts    in    tissue    osmolality.      The    shift' 
might    result    from    accumulation    of    photosyntha^ 
during    the    day,    from   a   more    direct    response    o 
the    tissue    to   water    deficits    by    int erconversi t 
of    solute    molecules    to   more    osmotically    activ 
species,    or    by    importation    and    accumulation    o 
solute    from    the    xylem   stream.      The    possibilit 
that    the    chaparral    leaf    samples   were    adjust  in 
osmotically    during    the   overnight    rehydration  | 
period    implies    that    the    resulting    analysis    wcjlfl 


ot    reflect    osmotic    and    turgor    properties    of    the 
n    situ    field   material. 

In    order    to    resolve    this    question, 
ressure-vol ume    curves   were    analyzed    from    leaf 
issue    sampled   without    rehydration    at    dawn    and    at 
idday,    corresponding    to    times    of   minimum   and 
aximum  water    stress,    respectively.       Results    of 
hese    analyses   with   Que  reus    dumosa    indicated 
ossible    10-    to    12-bar    osmotic    adjustments    from 
awn    to   midday    (fig.     12).      The    morning    to 
fternoon    change    in    the    osmotic    component    was 
Iways    a   negative    shift,    but    varied    in   magnitude 
t    different    times    during    the    season.      The 
argest    shift    appeared    to   occur    in    June,    where 
ne    turgor    loss    point    (the    point    at    which    the 
smotic    component    departs    from   the    diagonal    in 
igure    12)    shifted    from   a  morning   value    of 
pproximately  -4  MPa    to   an   afternoon   value    of 
3.1    MPa.      These    results    indicate    that,    at    least 
)r   some    chaparral    species,    the    standard 
■essure-vol ume   method   may    not    predict    field 
•rformance    correctly. 

I 

Inclusions 

A   fair    amount    of    data    are    now   available    to 
aracterize   water    potentials    and    stomatal 
;  inductances    of    some    of    the    more    common    shrubs    in 
16  worlds    mediterranean    climate    regions, 
latively    little    is    known    about    the   water 
[  lation   of    the   herbaceous    species   or    the 
■aparral    Quercus    tree    species.      Apart    from   a    few 

itial    studies (Hinckley    and    others    1980, 
Iiberts    and    others    1981)    nearly    nothing    is    known 
iout    osmotic    adjustments    and    turgor    relations    in 
j;iditerranean-type    vegetation.      Osmotic    relations 
-ly   be    particularly    important    for    growth    and    gas 
irScbange    in    plants   which    experience    recurring 
:Dught ,    and    thus    represent       an    important    area    to 
.;l:us    on    in    ecophys  iological    research    in    the 
.".rids    mediterranean    regions. 
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Soil  and  Nutrient  Cycling  in 
Mediterranean-Type  Ecosystems:  A  Summary 
and  Synthesis^ 

Leonard  F.  DeBano  and  Paul  H.  Dunn" 


The  presentations  at  this  session  addressed 
the  detailed  aspects  of  nutrient  cycling  pro- 
cesses in  Mediterranean  ecosysx,eins.   Although 
many  of  these  processes  are  reasonably  well 
understood,  some  areas  need  further  study  before 
our  current  knowledge  can  be  applied  confidently 
by  the  land  manager.   This  summary  highlights 
some  of  the  nutrient  cycling  processes  discussed, 
points  to  obvious  gaps  in  our  knowledge,  and 
lists  the  concerns  having  the  most  important 
management  implications. 


NUTRIENT  INPUTS 

Nutrients  are  added  to  Mediterranean  ecosystems 
in  several  ways,  including  precipitation,  dry 
fall,  biological  fixation,  and  rock  weathering. 
Some  of  these  processes  have  been  discussed  in 
detail  by  speakers  at  this  Symposium.   The 
importance  of  the  different  input  mechanisms 
varies  with  the  nutrient. 

The  cations ,  phosphorus ,  and  sulfur  are 
introduced  into  the  ecosystem  principally  by 
precipitation,  dry  fall,  and  rock  weathering. 
Nutrient  inputs  by  precipitation  and  dry  fall 
are  well  documented  and  vary  widely,  depending 
on  the  local  and  regional  meteorological  condi- 
tions, as  discussed  by  Schlesinger  (these  Pro- 
ceedings) .   The  quantities  of  nutrients  arriving 
in  dry  fall  are  usually  greater  than  those 
contained  in  precipitation.   Local  air  quality, 
nearby  wildfires ,  and  proximity  to  oceans  can 
all  influence  the  chemical  composition  of  the 
precipitation . 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems , 
June  22-26,  1981.   San  Diego,  California. 
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The  weathering  of  parent  rock  may  be  an 
important  source  of  some  nutrients.   The  rates 
of  weathering  of  the  different  parent  rock      ; 
materials  vary  and  affect  the  inherent  fertility 
and  productivity  of  a  site.   Little  is  known    j 
about  the  nutrient  additions  to  southern  Califorj 
soils  by  rock  weathering  although  some  research 
on  granitic  soils  in  Idaho  indicates  that  sub- 
stantial amounts  of  some  nutrients  can  be  added 
by  weathering  (Clayton  1979) . 


Nitrogen  additions  to  the  Mediterranean 
ecosystems  have  received  much  attention  recently 
because  nitrogen  is  most  susceptible  to  loss  by 
leaching  and  volatilization  and  is  the  nutrient 
most  likely  to  be  limiting  in  Mediterranean 
ecosystems.   Nitrogen  can  be  replaced  by  both 
physical  and  biological  mechanisms  (table  1) . 
Physically  it  is  replaced  by  both  wet  and  dry 
fall  from  the  atmosphere  (Schlesinger,  these 
Proceedings) .   Dry  fall  is  more  important  and 
contributes  1.63  kg/ha/yr  as  compared  to  0.42 
kg/ha/yr  for  wet  fall.   In  areas  having  high 
levels  of  air  pollution,  such  as  the  Los  Angele 
air  basin,  up  to  6.75  kg/ha/yr  may  be  added  as 
wet  fall  (Morgan  and  Liljestrand  1980) .   The 
effect  of  additional  nitrogen  enrichment  in 
heavy  smog  areas  is  not  known,  but  nitrogen 
could  possibly  be  leached  from  the  soil  and 
contribute  to  the  high  nitrate  levels  observed 
in  the  groundwater  in  the  foothill  areas  of  the! 
San  Gabriel  Mountains  in  southern  California,  j 

I 
Dinitrogen  fixation  by  bacteria  and  actinomy 
cetes  is  a  major  source  of  nitrogen  replacement 
(table  1)  .  The  free-living  bacteria  do  not  see: 
important ,  however ,  although  only  a  few  measure 
ments  have  been  made.  Preliminary  studies  have 
shown  free-living  dinitrogen  fixation  in  chapar 
soils  can  be  stimulated  by  adding  a  carbon 
source  such  as  sugar  (J.  Kummerow,  pers.  commun 
or  by  incubating  soils  for  a  week  under  moistur 
conditions  near  field  capacity  (Dunn,  unpubl . 
data) .  Although  dinitrogen-fixing  bacteria 
present  in  chaparral  soils  are  capable  of  rapid 
reptoduction  and  can  readily  fix  nitrogen  under 
certain  conditions,  their  role  in  natural  syste 
is  unknown. 

Symbiotic  dinitrogen  fixation  by  legume- 
Rhizobium  symbiosis  is  much  better  understood 
than  the  other  mechanisms.   Although  legumes  a] 
present  in  abundance  after  a  fire,  they  do  not 
fix  the  amounts  of  nitrogen  expected  (Poth, 
these  Proceedings) — probably  because  the  legume 
are  competing  with  the  nonleguminous  plants  fo: 
available  nitrogen  in  the  soil  instead  of  sati 
fying  their  own  needs  by  fixing  nitrogen  from 
the  atmosphere  (Dunn  and  Poth  1979;  Nilsen, 
these  Proceedings) .   The  legumes  replace  less 
than  15  percent  of  the  nitrogen  lost  from  a 
stand  by  fire  and  only  30  percent  of  the  nitro- 
contained  in  their  own  biomass. 

Nitrogen  is  probably  also  replaced  by  the 
Ceanothus-Frankia  symbiosis  and  possibly  the 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  4 
Exnerimenf  Station    Forest  Service    II  .S    Denartment  of  Apriciilturp-   1Q82.J 


Table  l--Amounts  of  nitrogen  gained  and  lost  from 
chaparral  by  different  mechanisms  (kg/ha/25  yr) . 


Losses 

Gains 

Fire  (volatilization) 

1    2 
146-  419 

Dinitrogen  fixation 

Postfire  erosion 

Legumes 

^15-   Ss 

Sediment 

1    2 
10-181 

Shrubs 

^2.5-^1225 

Water 

^0-  ^12 

Free 

^25 

living 

Type  conversion 

^°97 

Atmospheric 

8    9 
25-   200 

Denitrification 

•p 

Data  from  DeBano  and  Conrad  (1978) . 


Unpublished  data  from  a  prescribed  burn  done  on  the  Buckhorn  east 
of  Santa  Maria,  Calif. 

3 

Data  collected  on  the  San  Dimas  Experimental  Forest  after  the  1976 

Village  fire  on  areas  occupied  by  Lupinus  spp. 

4 
Fixation  by  Lotus  scoparius  (Poth,  these  Proceedings) . 

Data  from  Kummerow  and  others  (1978) . 

Nutrient  accumulations  reported  by  Zinke  (1969)  on  the  San  Dimas 
lysimeters  and  elsewhere  in  southern  California. 
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10 


Unpublished  laboratory  data  (P.  H.  Dunn). 

Data  from  Schlesinger  (these  Proceedings) . 

Data  from  Los  Angeles  County  air  pollution  (Morgan  and  Liljestrand 
1980)  . 

Data  on  nitrate  losses  from  disturbed  chaparral  watersheds  (Davis, 
these  Proceedings) . 


sti  ;ocarpus  betuloides-Frankia  symbiosis  in 


i)S;  the  exact  amounts  are  not  known  but  are 
>ected  to  be  high  (table  1;  Poth,  these 
leadings) .   The  Ceanothus-Frankia  symbiosis 
IS  to  have  poor  dinitrogen  fixation  ability 
:  af --year-old  stands  and  in  mature  stands  older 
20  years  (Kuiranerow  and  others  1978;  Poth, 
e  Proceedings) .   Studies  of  seedlings  in  the 
jidl Gabriel  Mountains  showed  few  nodules  were 
:o  sloped  the  first  2  years  after  fire,  but  a 
atifle  increase  in  nodular  biomass  occurred  in 
third,  fourth,  and  fifth  years.   Lack  of 
lation  during  the  first  year  may  have  been 
ted  to  nitrogen  availability  on  the  site, 
fire  soils  have  high  levels  of  available 
.Kifogen  (Christensen  and  Muller  1975,  DeBano 
others  1979a,  Dunn  and  others  1979),  which 
suppress  nitrogen  fixation.   After  the  large 
-,e  nts  of  available  nitrogen  are  immobilized  it 
[)e  be  advantageous  to  the  Ceanothus-Frankia 


symbiosis  to  fix  nitrogen  again. 

The  relation  between  seed  dormancy,  in  legumes 
and  other  nitrogen-fixing  plants,  and  soil 
heating  during  a  prescribed  fire  is  not  fully 
understood.   Fire  breaks  the  dormancy  and  is  the 
principal  mechanism  inducing  germination  and 
establishment  of  these  plants  on  a  site  after  a 
fire.   However,  prescribed  burning  over  a  moist 
soil  may  adversely  affect  seed  germination  in 
the  soil.   Data  by  Westermeyer  (1978)  showed 
that  in  seeds  from  some  species,  seed  mortality 
was  higher  in  moist  than  in  dry  soils  heated  to 
the  same  temperatures.   However,  the  differences 
in  heat  sensitivity  among  species  were  not  great 
enough  to  explain  the  differences  in  seedling 
crops  observed  on  moist  soils  under  prescribed 
burns  and  adjacent  dry  soils  under  wildfires. 
These  contradictory  seedling  responses  must  be 
better  understood  before  major  prescribed 
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burning  programs  are  implemented.   The  failure 
to  establish  seedlings  capable  of  fixing  nitrogen 
may  lead  to  a  long-term  decline  in  site  fertility 
and  productivity  after  repeated  burning  over 
moist  soils. 


NUTRIENT  LOSSES 

Nutrients  can  be  lost  from  Mediterranean 
ecosystems  by  volatilization  (DeBano  and  Conrad 
1978,  Ralston  and  Hatchell  1971),  erosion  (DeBano 
and  Conrad  1976),  leaching  (Davis  1980;  Vitousek 
and  Melillo  1979;  Riggan  and  Lopez) ,   and  har- 
vesting (Boyer  and  Dell  1980) .   Not  all  nutrients 
are  lost  at  the  same  rates  because  different 
processes  of  loss  are  important  for  different 
elements.   It  is  important  to  recognize  these 
differences  when  assessing  the  impact  of  differ- 
ent management  alternatives  on  a  site  (DeBano, 
these  Proceedings) . 


Volatilization 

Nitrogen  is  one  of  the  nutrients  most  sensi- 
tive to  loss  by  volatilization.   It  can  be  lost 
by  heating  during  a  wildfire  or  a  prescribed 
burn  (DeBano  and  Conrad  1978) ,  by  ammonia  vola- 
tilization in  acid  soils  (Vitousek  and  Melillo 
1979)  ,  and  possibly  by  denitrif ication  under 
anaerobic  conditions  (Swank  and  Caskey  1980) . 
The  amount  of  nitrogen  volatilized  during  a  fire 
can  be  estimated  reasonably  well  if  the  litter 
and  soil  temperatures  are  known  (DeBano  and 
others  1979b) .   The  estimated  nitrogen  losses 
from  chaparral  during  prescribed  fires  have 
varied  from  146  to  419  kg/ha  (table  1) .   Current- 
ly no  simple  method  of  measuring  litter  and  soil 
temperatures  continuously  is  readily  available 
to  the  land  manager  for  routine  measurements  for 
use  in  assessing  nitrogen  losses.   Although 
maximum  temperatures  can  be  determined  more 
easily  and  inexpensively  than  continuous  measure- 
ments, they  are  not  completely  satisfactory  for 
characterizing  biological  changes  produced  by 
soil  heating.   Research  studies  are  needed  to 
quantify  and  model  soil  and  litter  temperatures 
and  heating  during  different  intensities  of 
burning  (DeBano,  these  Proceedings) .   Losses  of 
nitrogen  by  ammonia  volatilization  are  not  well 
known  in  Mediterranean  ecosystems  although  some 
losses  have  been  detected  during  chaparral  fires 
(Dunn,  pers.  commun.).   Ammonia  losses  from  acid 
soils  under  coniferous  forests  in  a  Mediterranean 
climate  have  not  been  studied,  although  nitrogen 
could  be  lost  in  this  way.   It  is  also  possible 
to  lose  nitrogen  by  denitrif ication,  particularly 


Riggan,  Philip  J.,  Lopez,  Ernest.   Nitrogen 
cycling  in  the  chaparral  ecosystem.   In  Pro- 
ceedings of  the  symposium  on  the  ecology  and 
management  of  chaparral  ecosystems;  Western 
Society  of  Naturalists  annual  meeting ,  December 
27-29,  1979.   Pomona,  CA.   Manuscript  in  prepa- 
ration. 
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from  poorly  drained,  nutrient-rich  soils  and 
sediments  in  riparian  zones.   Denitrif ication 
losses  have  been  reported  from  second-order 
mountain  streams  draining  logged  deciduous 
forest  watersheds  in  the  eastern  United  States 
(Swank  and  Caskey  1980). 

During  fires,  sulfur  volatilizes  in  much  the 
same  way  as  nitrogen,  but  probably  at  higher 
temperatures.   Tiedemann  and  Anderson  (1980) 
reported  up  to  68  percent  of  the  total  sulfur 
was  lost  at  1175   C;  nitrogen  is  completely 
volatilized  at  500°  C  (White  and  others  1973). 
Data  on  sulfur  losses  at  different  temperatures 
need  refining  and  the  significance  of  these 
losses  for  short-  and  long-term  productivity 
should  be  established. 
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Unlike  nitrogen  and  sulfur,  most  nutrients 
are  not  lost  into  the  atmosphere  as  gases. 
Instead,  significant  amounts  of  calcium,  magnesi 
potassium,  phosphorus,  and  sodium  are  transport?* 
as  particulate  material  in  smoke  (Clayton  1976) . 
This  is  a  local  or  regional  (in  large  wildfires) 
redistribution  rather  than  an  irreversible  lossj|!^ 
such  as  the  loss  of  nitrogen  to  the  atmosphere. 


Erosion 
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The  quantity  of  nutrients  lost  from  a  site 
also  depends  on  the  amount  and  type  of  erosion. 
Accelerated  erosion  commonly  occurs  after  wild- 
fires (Rowe  1941,  Sinclair  1954)  when  much  of 
the  eroded  material  is  produced  by  surface 
erosion  and  rilling  (Wells  1981) .   Poor  infil- 
tration and  surface  erosion  can  be  caused  by  a 
water  repellent  soil  condition  formed  during  a 
fire  (DeBano  1981) .   More  nutrients  are  lost 
from  the  site  by  this  surface  erosion  than  mighl|f 
be  expected,  because  large  quantities  of  highly 
soluble  nutrients  are  deposited  on  the  soil 
surface  during  a  fire.   The  largest  nutrient 
losses  following  fire  seem  to  be  associated  witl 
the  mineral  sediment  and  organic  debris  rather 
than  with  water  (DeBano  and  Conrad  1976,  Campbe 
and  others  1977) .   Water  serves  primarily  as  a 
transporting  medium.   The  amounts  of  nitrogen 
lost  in  sediments  and  water  presented  in  table  '.   "" 
illustrate  the  difference  in  magnitude  of  these 
different  erosional  losses. 
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In  assessing  erosional  losses  of  nutrients,  i 
careful  distinction  must  be  made  between  on-sib 
movement  and  the  loss  from  the  entire  watershedlB^- 
Losses  from  on-site  movement,  as  measured  by 
troughs  or  other  small  scale  collection  devices 
may  differ  considerably  from  those  measured  in 
debris  basins  constructed  at  the  mouths  of 
larger  watersheds.   These  relationships  need  to 
be  better  defined. 


Leaching  Losses 

High  concentrations  of  some  nutrients,  notab  ^ij 
nitrates ,  have  been  reported  to  be  lost  from 


in 


(e  disturbed  watersheds  (Davis  1980;  Vitousek 

Melillo  1979;  Riggan  and  Lopez).    The 
ises  are  most  noticeable  after  timber  harvesting 
I   brush-to-grass  conversions.   Although  the 
.al  nitrogen  lost  from  a  watershed  as  nitrates 
.lowing  disturbance  probably  does  not  signi fi- 
tly affect  site  productivity  and  fertility, 
may  alter  downstream  water  quality. 

Several  mechanisms  may  be  responsible  for 
.rate  release.   The  most  popular  explanations 

(1)  higher  nitrification  rates  following 
turbance,  (2)  greater  rates  of  mineralization 
decomposition  of  organic  litter  material, 
(3)  the  inability  of  new  shallow-rooted 
etation  occupying  the  site  to  retain  the 
rate  nitrogen  previously  cycled  by  deep- 
Ited  plants  (Vitousek  and  Melillo  1979).   It 
important  that  the  dominant  mechanisms  contri- 
ing  to  nitrate  production  and  loss  from  these 
turbed  watersheds  be  better  understood  so 
sible  remedial  measures  can  be  developed. 


vesting 

The  amount  and  type  of  biomass  harvested  and 
postharvest  residue  treatment  all  influence 

rient  removal  and  loss  (Boyer  and  Dell  1980) . 
Jo,  the  distribution  of  nutrients  in  the 
.eves,  stems,  small  twigs,  boles,  and  litter 
ilect  the  amounts  removed  by  a  given  treatment, 
t  example,  removing  only  the  boles  of  trees 
liing  logging  would  have  a  much  different 
ilsct  on  nitrogen  than  removing  both  the  leaves 
J  small  stems.   The  effect  on  short-  and  long- 
.€11  site  productivity  of  removing  different 
jionts  of  nutrients  is  not  known.   Data  on 
IV rient  distributions  in  chaparral  (Zinke  1967; 
like,  these  Proceedings)  and  in  forests  (Zinke 
iT  Stangenberger  1980)  may  provide  a  basis  for 
iSablishing  threshold  values  for  different 
lilt  nutrients.   Also,  this  total  nutrient 
litribution  must  eventually  be  expressed  in 
.ens  of  availability  to  be  useful  for  assessing 
12  productivity. 


iCJMULATION  AND  MINERALIZATION  OF  ORGANIC 
UTER 

iiier  Production 


-.itter  production  is  directly  controlled  by 
•inary  productivity,  as  discussed  by  Alexander 
,tise  Proceedings) .   The  quantity  of  leaves  on 
L  Lant  that  becomes  litter  each  year  depends 
'a:ly  on  the  amoiint  of  rainfall  a  site  receives 
'■    ;ars  earlier,  during  bud  formation  (Riggan, 
«.;.  commun.).   The  length  of  time  leaves 
.eiin  on  chaparral  shrubs  is  shortened  by 
Iright  and  lengthened  by  more  favorable  climatic 
volitions.   Some  of  the  nutrients  are  trans- 
•Oited  back  into  the  plant  stems  and  roots 
lesre  the  leaves  fall;  the  amount  varies  among 
'Fj^ies.   About  9  percent  of  the  total  above- 


ground  biomass  seems  to  be  deposited  in  the 
litter  each  year  (Gray,  these  Proceedings) . 


Decomposition 

After  the  leaves  and  small  twigs  die  they 
become  part  of  the  standing  dead  and  litter 
biomass,  and  decomposition  depends  on  several 
factors.   First,  placement  of  the  material  is 
important.   The  material  remaining  in  the  canopy 
(standing  dead  material)  decomposes  very  slowly 
compared  with  the  buried  material.   Material 
deposited  on  the  mineral  soil  surface  has  an 
intermediate  decomposition  rate  (Yielding  1978) . 
A  second  factor  in  decomposition  is  moisture, 
particularly  in  young,  open  canopy  stands  where 
the  aboveground  material  and  litter  held  in  the 
canopy  dry  out  quickly.   Temperature  is  a  third 
factor.   Rate  of  decomposition  of  litter  on  the 
soil  surface  depends  on  whether  the  canopy  is 
open  or  closed,  because  this  condition  controls 
both  temperature  and  moisture  (Winn  1977) . 
Moisture  fluctuations  are  more  influential  than 
temperate  fluctuations  (Marion,  these  Proceedings) 
The  role  of  stand  age  (Winn  1977) ,  possible 
allelopathic  effects  (Rice  and  Pancholy  1973) , 
and  nutrient  content  of  the  litter  (Rundel  and 
Parsons  1980)  in  decomposition  are  still  contro- 
versial points. 

It  is  unclear  whether  a  steady  state  is 
reached  between  litter  deposition  and  decompo- 
sition.  Kittredge's  data  (1955)  support  a 
steady-state  condition,  whereas  Winn's  results 
(1977)  were  not  definitive.   Schlesinger  and 
Hasey  (1981)  concluded  that  the  forest  floor 
reached  a  steady  state  in  11  to  13  years. 
Decomposition  rates  also  seem  to  vary  among 
plant  species.   Schlesinger  and  Hasey  (1981) 
found  the  overall  decomposition  rate  fast,  with 
evergreen  material  decomposing  slower  than 
deciduous  leaves;  Yielding  (1978)  found  both 
rapid  and  slow  decomposition  rates  for  different 
species . 


Fire  as  a  Mineralizing  Agent 

Most  Mediterranean  ecosystems  are  burned 
regularly  by  either  wildfires  or  prescribed 
burns,  which  act  as  active  mineralizing  agents 
(St.  John  and  Rundel  1976) .   Fire  is  particularly 
influential  in  those  ecosystems  where  a  large 
portion  of  the  nutrient  pool  is  contained  in  the 
biomass,  and  where  the  decomposition  rates  of 
the  unburned  plant  material  between  fires  regulate 
the  productivity  of  the  system  (Raison  1980) . 
The  accumulated  undecomposed  litter  and  plant 
material  is  suddenly  combusted  and  the  plant 
nutrients  contained  in  it  are  released.   This 
"pulse"  nutrient  addition  may  play  an  important 
role  in  the  rapid  reestablishment  of  vegetation 
following  fire  (Marion,  these  Proceedings) . 

Fire  has  variable  effects  on  nutrient  avail- 
ability— it  may  mobilize  the  nutrients,  induce  a 
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deficiency,  or  have  no  effect  (Wells  and  others 
1979) .   Although  some  of  the  nutrients  contained 
in  the  plants  are  volatilized,  or  lost  as  airborne 
particulates,  most  of  the  combusted  material  is 
deposited  on  the  soil  surface.   Some  of  the 
nitrogen  remaining  after  the  fire  is  in  a  highly 
available  form  as  ammonia-  and  nitrate-nitrogen 
(DeBano  and  others  1979a,  Christensen  and  Muller 
1975)  .   The  nitrogen  remaining  in  the  uncombusted 
organic  matter  after  burning  is  readily  mineral- 
ized by  microorganisms  so  that  the  level  of 
available  inorganic  nitrogen  is  kept  high  (Dunn 
and  others  1979) . 

Conflicting  results  on  phosphorus  availability 
have  been  reported  after  a  fire  (Wells  and 
others  1979) .   In  most  soils  the  availability  of 
phosphorus  may  be  increased  by  burning  (Vlamis 
and  Gowans  1961,  Vlamis  and  others  1955) . 
However,  some  soils  presumably  contain  significant 
amounts  of  soluble  iron  and  aluminum,  which  may 
tie  up  the  phosphorus  and  cause  a  phosphorus 
deficiency  after  repeated  burning  (Lunt  1941, 
Vlamis  and  others  1955).   The  basic  cations  (Ca, 
Mg,  K,  Na)  contained  in  the  plant  material  are 
released  by  burning  and  generally  reduce  soil 
acidity .   The  more  frequent  the  burning  the  more 
pronounced  the  increase  in  pH  (Wells  and  others 
1979) .   The  increased  plant  growth  or  "ash  bed" 
effect  observed  after  fire  seems  also  to  include 
a  heating  of  the  soil  as  well  as  greater  nutri- 
ent availability  (Bruce  1950,  Renbuss  and  others 
1973).   The  presence  of  highly  available  nutrients 
in  the  "ash  bed"  usually  makes  fertilization  of 
freshly  burned  watersheds  ineffective  (DeBano 
and  Conrad  1974,  Vlamis  and  Gowans  1961). 


Nutrient  Availability  and  Uptake 

Nutrient  availability  and  uptake  from  burned 
and  biologically  decomposed  plant  material  is 
only  partly  understood.   Nitrogen  compounds  have 
received  more  study  than  the  other  plant  nutrients. 
Decomposition  plays  the  most  important  role  in 
nitrogen  release  and  availability — particularly 
during  the  interval  between  fires  (Marion,  these 
Proceedings) .   Although  fire  releases  large 
amounts  of  available  nitrogen,  and  nitrification 
rates  are  stimulated  (Arianoutsou-Faraggitaki 
and  Margaris,  these  Proceedings;  Christensen  and 
Muller  1975;  Dunn  and  others  1979),  more  nitrogen 
is  probably  made  available  by  decomposition 
during  the  interval  between  fires  (Marion,  these 
Proceedings) .   Decomposition  and  pyrolysis 
during  fires  are  equally  important  processes  for 
the  release  of  potassium,  calcium,  and  magnesium. 
Little  is  known  about  the  factors  affecting 
mineralization  and  availability  of  phosphorus 
and  sulfur. 

Both  nitrogen  mineralization  and  nitrification 
are  important  biological  processes  affecting 
nitrogen  availability.   Nitrogen  mineralization 
is  controlled  largely  by  substrate  quantity  and 
quality,  temperature,  and  moisture.   Carbon  is 
frequently  the  most  limiting  factor  for  microbial 


activity  and  the  presence  of  highly  resistant 
organic  compounds  (phenolics  and  lignins)  may 
restrict  the  energy  source  available  to  microbeAf: 
responsible  for  nitrogen  mineralization  (Marion  es: 
these  Proceedings) .   The  ammonia  released  by 
mineralization  may  be  immobilized  by  decomposer; 
taken  up  by  vegetation,  fixed  by  clays,  volati- 
lized, adsorbed  on  cation  exchange  sites  in  thejii.'; 
soil,  or  undergo  nitrification  (Vitousek  and 
Melillo  1979) .   Nitrification  can  be  carried  ouftr 
by  both  chemotrophic  and  heterotrophic  microor- 
ganisms (Dunn  and  others  1979)  which  may  be 
inhibited  by  parent  rock  material  (Nakos  1981)  ftlc 
or  tannins  (Rice  and  Pancholy  1972) .   The 
nitrates  produced  are  highly  soluble,  and  if  noj 
immediately  immobilized  by  microbes  (El-abyad 
and  Webster  1968)  or  taken  up  by  plants  (Vitousi 
and  Melillo  1979) ,  may  be  lost  to  streamflow  by[ 
leaching  (Davis,  these  Proceedings). 
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The  role  of  mycorrhizae  in  nutrient  uptake  h 
plants  in  Mediterranean  ecosystems  has  not  been 
fully  clarified.   Preliminary  studies  in  chapar 
show  that  mycorrhizae  are  present  in  all  shrubs 
(Dunn,  pers .  commun.) .  Quercus  dumosa  has  been 
found  to  have  many  hypogenous  mycorrhizal  fruit 
bodies  (Dunn  1980)  .   It  is  possible  that  mycor-j  j, 
rhizae  may  reduce  the  need  for  microbes  in 
recycling  nutrients  before  the  nutrients  are 
taken  up  by  plants.   Immediately  after  fire  the 
available  nutrients  are  probably  immobilized  by 
living  microbes.   As  nutrient  stress  increases 
between  fires,  mycorrhizae  probably  play  a  morei 
important  role  in  plant  nutrition  and  site 
productivity.   For  example,  in  South  Africa  thi 
growth  rate  of  pine  seedlings  was  50  times 
greater  on  soils  inoculated  with  mycorrhizae  ai 
compared  to  native  untreated  fynbos  soils  (Mil] 
these  Proceedings) .   Mycorrhizal  responses  may 
also  involve  nutrient-water  stress  relationshijiBQ 
which  have  evolved  as  features  of  the  Mediter 
ranean-type  ecosystems  (Miller,  these  Proceedii 
Basic  information  on  moisture  stress  relationsl 
for  different  plant  species  is  limited,  althou 
some  information  is  now  available  for  several 
chaparral  species  (Roberts,  these  Proceedings) 


MANAGEMENT  IMPLICATIONS  AND  KNOWLEDGE  GAPS 

Several  of  the  nutrient  cycling  processes  a] 
mechanisms  have  strong  management  implications 
in  addition  to  being  intellectually  enticing  ti 
the  researcher.   The  papers  presented  pointed 
out  the  need  to : 

1.  Define  the  trade-offs  among  nitrogen 
losses,  soil  wettability,  and  biological  damagjBjjj. 
to  roots,  seeds,  and  soil  microbes  in  burning 
over  wet  and  dry  soil. 

2.  Quantitatively  assess  the  impacts  of 
burning  or  permanent  type  conversion  on  steep 
slopes  having  different  types  of  soils. 

3.  Establish  spatiotemporal  treatment  pat- 
terns that  reduce  the  amounts  of  nitrate  nitro 
gen  released  from  disturbed  or  converted  water 
sheds . 

4.  Establish  criteria  for  postfire  fertili 
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:ion. 

5.   Relate  on-site  nutrient  movement  to 
.ses  from  the  entire  watershed  so  realistic 
essments  of  nutrient  losses  can  be  developed. 

Many  of  the  concerns  expressed  by  the  managers 

be  addressed  or  satisfied  with  existing 
ormation ,  but  this  must  be  prepared  in  a 
mat  that  will  be  useful  to  the  land  managers 
n  making  on-the-grbund  decisions  and  assess- 
ts.   Probably  this  task,  can  be  accomplished 
t  effectively  in  handbooks  and  guidelines 
eloped  jointly  by  the  managers  and  researchers, 
itional  research  is  needed  in  some  areas 
'Ore  parts  of  these  guidelines  can  be  quanti- 
ively  established.   Until  such  information  is 
■liable,  judgment  and  experience  will  have  to 
1  the  gaps . 
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[)e  Stability  Effects  of  Fuel  Management 
itegies — Inferences  From  Monte  Carlo 
rulations^ 

Rice,  R.  R.  Ziemer,  and  S.  C.  Hankin' 


Abstract:  A  simple  Monte  Carlo  simulation  evalu- 
ated the  effect  of  several  fire  management  strate- 
gies on  soil  slip  erosion  and  wildfires.  The 
current  condition  was  compared  to  (1)  a  very  inten- 
sive fuelbreak  system  without  prescribed  fires,  and 
(2)  prescribed  fire  at  four  time  intervals  with 
(a)  current  fuelbreaks  and  (b)  intensive  fuel- 
breaks.  The  intensive  fuelbreak  system  caused  a 
slight  increase  in  soil  slip  erosion  and  a  reduc- 
tion of  about  12  percent  in  average  annual  wildfire 
area  associated  with  each  of  the  prescribed  fire 
intervals.  All  of  the  prescribed  fire  strategies 
greatly  reduced  wildfires,  but  resulted  in  substan- 
tial increases  in  soil  slip  erosion,  with  the 
greatest  increase,  282  percent,  for  the  15-year 
prescribed  fire  interval. 


iiaparral  fires  have  been  an  important  land 
gement  problem  in  southern  California  for  at 
t   the  past  50  years.  The  fires  themselves  are 
reat  to  life  and  property,  but  post-fire 
Ion  is  often  a  greater  threat.  Fire 
cession  efforts  have  been  the  principal 
onse  to  these  threats.  In  recent  years  fire 
cession  has  been  supplemented  by  two  vegetation 
jement  stratetjies:  fuelbreaks  to  aid  directly 
jppression,  and  prescribed  fire  to  mimic  the 
jmed  natural  mosaic  of  age  classes  and  fuel 
;,  thereby  inhibiting  fire  spread.  Neither 
Lc  is  expected  to  eliminate  the  threat  of 
'ire;  rather,  both  are  aimed  at  reducing  the 
of  wildfires  and  making  the  resultant  fire  and 
Ion  damage  smaller,  more  predictable,  and  more 

ijeable. 
ie  probability  that  fuelbreaks,  either  alone  or 
:  prescribed  burning,  will  accomplish  their  fire 
Mement  objectives  is  relatively  high.  Whether 
!  will  also  reduce  erosion  is  uncertain.  Both 
:.cs  may  increase  the  risk  of  soil  slip  erosion 

eep  slopes  that  are  partially  dependent  on 
i;  for  their  stability.  Soil  slips  are  shallow 
.ires  of  colluvial  soil  and  ravine  fill.  Soil 
.  erosion  increases  on  the  areas  converted  to 
nreaks  because  most  of  the  deep-rooted 
l.ation  has  been  eliminated.  Prescribed  fire, 

educing  the  mean  age  of  vegetation,  and  hence 
I  biomass,  may  also  increase  soil  slip  erosion, 
severity  of  soil  slip  erosion  has  been  linked 

orm  size  and  to  the  state  of  the  chaparral 

respect  to  its  burn  and  regrowth  cycle  at  the 
» of  the  storm  (Rice  1974). 

le  outcome  of  any  fire  management  strategy 
fore,  depends  on  the  prescribed  burning 


'resented  at  the  Symposium  on  Dynamics  and 
Mement  of  Mediterranean-type  Ecosystems, 
"22-26,  1981,  San  Diego,  California. 

•esearch  Hydrologists  and  Computer 
•alist,  respectively.  Pacific  Southwest  Forest 
ange  Experiment  Station,  Forest  Service,  U.S. 
'tment  of  Agriculture,  Areata,  California. 


interval,  the  area  maintained  in  fuelbreaks,  the 
chance  occurrence  of  wildfire,  and  the  timing  of 
landslide-producing  storms.  Since  the  chance  of 
fire  and  its  eventual  size,  as  well  as  the  timing 
and  severity  of  storms,  interact  stochastically, 
their  joint  interaction  with  fire  management 
strategies  is  unknown  with  respect  to  both  erosion 
and  burned  area. 

In  the  face  of  sparse  data  concerning  most  of 
the  relevant  parameters  in  the  fire-chaparral- 
storm  interactions,  this  paper  reports  insights 
into  the  soil  slip  erosion  conseouences  of  various 
fire  management  strategies,  as  gained  through  a 
Monte  Carlo  simulation.  Our  simulation  included 
functions  defining  the  growth  and  decay  of 
chaparral  roots  following  fires.  These  phenomena 
are  key  links  between  age  and  amount  of  veqetation, 
storm  size,  fire  occurrence,  and  soil  slip  erosion 
rate.  Our  model  was  as  eclectic  as  necessary  in 
order  to  give  a  quantitative  basis  to  what  is 
principally  a  qualitative  appraisal  of  the 
problem.  The  path  we  charted  can  be  widened  and 
straightened  by  others  as  better  data  become 
available. 


MODEL  PROCESSES 

Vegetation 

Plant  roots  can  increase  the  stability  of  slopes 
by  anchoring  a  weak  soil  mass  to  fractures  in 
bedrock,  by  crossing  zones  of  weakness  to  more 
stable  soil,  and  by  strengthening  soil  with  long 
fibrous  hinders.  When  vegetation  is  killed,  as  by 
fire  or  herbicides,  the  root  system  decays  and  root 
reinforcement  of  the  soil  decreases  until  new  roots 
reoccupy  the  soil. 

In  chaparral  fires,  the  aboveqround  biomass  is 
burned,  tiut  the  root  system  remains  intact.  Some 
chaparral  species  such  as  chamise  (Adenostoma 
fasciculatum  H.  4  A.)  have  a  large  root  burl  which 
sprouts  after  fire.  There  is  adequate  carbohydrate 
reserve  in  this  burl  to  keep  the  root  system  alive 
for  several  years.  In  our  model  we  have  assumed 
the  root  system  will  live  for  2  years  following 


Uch.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
!|iem  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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fire  before  it  dies  back  to  be  in  balance  with 
photosynthate  production.  The  net  soil  reinforce- 
ment by  roots  is  the  sum  of  reinforcement  by 
decaying  dead  roots  and  by  newly  expanding  roots  of 
the  sprouting  brush. 

Landslide  frequency  has  been  shown  to  increase 
after  vegetation  is  removed  from  metastable  slopes 
(Croft  and  Adams  1950;  Kawaguchi  and  Namba  1956; 
Bishop  and  Stevens  196A;  Rice  and  Foggin  1971; 
Burgy  and  Papazifiriou^).  In  situ  measurements 
have  shown  that  soil  strength  increases  as  root 
biomass  increases  (Endo  and  Tsuruta  1969; 
O'Loughlin  1972;  Ziemer  1981). 

Little  is  known  about  the  rooting  habits  of 
chaparral  plants.  Hellmers  and  others  (1955) 
hydraulically  excavated  the  root  system  of  57 
plants  at  six  sites  in  the  San  Gabriel  Mountains  of 
southern  California  and  reported  maximum  root 
length,  depth,  and  radial  spread.  Information  on 
root  biomass  in  chaparral-covered  slopes  is  scant. 
Miller  and  i\lg  (1977)  reported  that  root  biomass  of 
21-year-old  chaparral  excavated  near  Echo  Valley  in 
San  Diego  County  ranged  from  100  to  1400  g/m^. 
Near  the  same  location,  Kummerow  and  others  (1977) 
excavated  a  70  m2  plot  and  found  an  average  root 
biomass  of  626  g/m^.  In  the  more  humid 
Mediterranean  climate  of  northwestern  California, 
root  biomass  of  12-  to  20-year-old  snowbrush 
(Ceanuthus  velutinus  Dougl.)  fields  averaged 
1050  g/m-i  (Ziemer  1981). 

Information  on  changes  in  root  biomass  following 
fire  is  lacking.  There  is  better  understanding  of 
changes  in  aboveground  biomass  following  fire 
(Rothermel  and  Philpot  1973).  Miller  and  Ng  (1977) 
reported  an  average  rootrshoot  biomass  ratio  of 
0.58  for  chamise;  Kummerow  and  others  (1977) 
reported  0.57.  When  the  rootrshoot  ratio  is 
applied  to  the  aboveground  live  brush  biomass  model 
of  Rothermel  and  Philpot  (1973),  an  approximation 
of  root  biomass  changes  following  fire  can  be  made 
(fig.  1).  This  approximation  compares  favorably 
with  observed  root  biomass  densities  in  excavated 
20-year-old  chaparral  stands.  We  have  assumed  the 
maximum  density  of  roots  in  old-growth  chaparral  is 
1270  g/m2. 

In  our  model,  the  live  and  dead  root  biomass  at 
the  time  of  a  fire  is  based  on  the  age  of  the 
chaparral  (the  number  of  years  since  the  last 
fire).  The  total  dead  root  biomass  after  a  fire  is 
made  up  of  roots  that  were  dead  before  the  fire  and 
live  roots  that  were  killed  by  the  fire.  These 
dead  roots  decay  exponentially  with  time  (eg.  1). 
(Note:  all  numbered  equations  referred  to  are  given 
in  the  Appendix.)  Growth  of  the  remaining  live 
root  fraction  follows  a  logistic  curve  with  time 


^Burgy,  Robert  H.;  Z.  G.  Papazifiriou. 
Effects  of  vegetation  management  on  slope 
stability,  Hopland  Experimental  Watershed  II. 
Unpublished  paper  presented  at  Water  Resources 
Advisory  Council  Meeting,  January  25,  1971,  Los 
Angeles,  California,  10  p. 
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Figure  1 — Change  in  live   (•—"•),   dead   ( ), 

total   ( )   root  biomass  following  fire  and  p' 

of  area  in  soil  slips  following  fire   for  a  32. 
storm   (X X)  and  a  9-year  storm   (Cg EH).! 
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(eq.  1).  The  sum  of  the  live  and  dead  root  b 
is  the  total  root  biomass  (BMASS)  in  a  cell 
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Storm  Severity 


Precipitation  data  used  in  our  model  were 
obtained  from  Tanbark  Flat  on  the  San  Dimas 
Experimental  Forest  (Reimann  and  Hamilton  195! 
The  record  seems  to  be  appropriate  since  the 
raingage  is  located  at  about  the  median  elev 
for  chamise  and  at  a  middle  latitude  for  the 
chaparral  of  southern  California.  We  extended 
published  data  (Fteimann  and  Hamilton  1959)  tl" 
hydrologic  year  1980^.  From  the  47  years  of 
record,  we  used  176  storms  yielding  more  thar 
of  precipitation. 

It  is  difficult  to  define  exactly  what  cor 
tutes  a  soil  slip  producing  storm.  Undoubtec 
large  number  of  site  conditions  and  storm  sec 
could  result  in  soil  slips.  We  have  based  olII^ 
model  on  an  extrapolation  of  the  work  of  Cair 
(1980),  who  analyzed  73  descriptions  of  stom 
caused  landslides  on  slopes  unmodified  by 
construction,  agriculture,  or  stream  erosion 
their  bases.  His  data  spanned  a  great  variet 
climates  and  vegetative  types  and  included  ei 
observations  from  southern  California  chapari 
He  found  that  the  landslide  threshold  was  def 
by  the  function 

I  =  14.82  D' 
where  I  is  the  mean  storm  rainfall  intensity 
(mm/hr)  and  D  is  the  storm  duration  (hr). 
seemed  reasonable  to  us  that  if,  in  fact,  Caj 


-0.39 


^Precipitation  data  provided  by  Eldora  M. 
Negley,  engineering  technician,  San  Dimas 
Experimental  Forest,  Forest  Service,  U.S. 
Department  of  Agriculture,  April  20,  1981. 
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lotion  is  the  threshold  of  slope  failure,  a  good 
jx  of  storm  severity  might  be  the  distance  of  a 
:m  from  the  line  defined  by  Caine's  landslide 
jshold  function  in  the  intensity /duration 
:e.  We  found  that  with  this  new  function 

2)  our  176  storms  were  lognormally 
".ributed,  with  the  threshold  storm  approximately 
standard  deviation  above  the  mean. 


islide  Erosion 

he  amount  of  soil  slip  erosion  following  fire 
:«lated  to  storm  severity  and  to  the  degree  of 
;tation  recovery.  Following  a  9-year  return 
.od  storm,  about  1  percent  of  an  area  burned 
sars  earlier  was  in  soil  slips  (Rice  and  Foggin 
.;  Rice  1974),  whereas  there  were  no  soil  slips 
1  comparable  area  not  burned  for  50  years. 
:e  years  later  the  same  area  was  subjected  to  a 
|i  larger  storm  with  an  estimated  return  period 
\2   years.  About  6  percent  of  the  previously 
jed  area  slipped  in  this  storm  while  0.7  percent 
he  50-year-old  chaparral  land  slipped.  There 
very  little  difference  between  soil  slip  rate 
he  old  chaparral  and  that  in  an  area  which 
ed  the  previous  year.  In  nearby  areas  which 
been  converted  to  grass  following  the  fire, 
rcent  of  the  land  slipped  in  the  9-year  storm 
18  percent  in  the  32-year  storm.  The  amount  of 
page  observed  following  the  32-year  storm 
ably  underestimates  that  which  would  have 
rred  had  there  been  no  9-year  storm  3  years 
filer.  Some  of  the  most  vulnerable  areas  failed 
nng  the  previous  storm  and  were  not  susceptible 
)  e-sliding  only  3  years  later.  However,  soil 
.i  scarps  often  predispose  adjacent  areas  to 
Ictional  slippage.  For  purposes  of  our  model  we 
i\  assumed  soil  slip  susceptibility  of  previously 
13 5d  sites  (RESID)  to  follow  an  exponential 
every  rate  of  the  form,  e"^^^  where  k  =  0.23 
Ct  is  the  number  of  years  since  the  area 
aoed.  The  amount  of  soil  slips  produced  by  our 
■fcl  (fig.  1)  is  a  function  of  storm  severity 
E^),  root  biomass  (BMASS),  and  the  residual 
■f:t  of  previous  soil  slips  (RESID)  in  the  cell 
c  3). 

_i  Occurrence 

lis  portion  of  our  model  produces  a  random 
CBHce  of  fires  which  conforms  to  the  current 
pjency  and  size  distribution  of  chaparral  fires 

Duthern  California.  The  number  of  fire 
crrences  in  each  annual  cycle  of  the  model  was 
t^-iuned  by  randomly  sampling  a  distribution 
vig  the  same  mean  and  standard  deviation  as 
nil  fire  occurrences  observed  on  the  Angeles, 
e;land,  and  San  Bernardino  National  Forests 
rig  the  fire  seasons  of  1976  through  19805. 

"le  point  of  origin  of  each  fire  was  located  at 


random.  Our  model  included  no  variation  due  to 
topography  or  culture,  and  fire  starts  on  fuel- 
breaks  were  not  permitted.  Consequently,  every 
chaparral  location  in  the  model  had  an  equal  prob- 
ability of  being  the  origin  of  a  fire,  in  contrast 
to  the  real-world  situation  where  areas  adjacent  to 
roads  and  development  and  especially  uphill  from 
them,  have  a  higher  probability  of  burning.  Given 
that  there  was  a  fire  start  (eq.  4),  the  next  step 
in  the  simulation  was  to  determine  the  ultimate 
size  of  the  fire.  The  probability  of  burning  each 
cell  in  our  model  was  based  on  the  size  of  the 
approaching  fire  (eq.  5,  6)  and  the  elapsed  time 
since  the  previous  fire  (eq.  7,  fig.  2).  The 
elapsed-time  function  is  based  on  the  effect  that 
the  age  of  an  average  chamise  stand  has  on  the  rate 
of  spread  of  a  fire  driven  by  a  32  km/hr  wind 
(Rothermel  and  Philpot  1973).  During  the  first 
decade  following  fire,  spread  of  a  new  fire  is 
assumed  to  be  dependent  upon  herbaceous  vegetation 
(Rothermel  and  Philpot*^).  In  our  model,  the  rate 
of  spread  of  a  fire  in  5-year-old  grass  or  herba- 
ceous vegetation  was  approximately  equal  to  the 
rate  of  spread  in  21-year-old  chamise.  The  coeffi- 
cient of  variation  of  our  fire-spread  function  was 
assumed  to  decrease  as  the  mean  rate  of  spread 
increased  (fig.  2).  This  assumption  derives  from 
the  expectation  that  in  the  early  postfire  years 
the  amount  of  fuel  present  varies  considerably  and 
that,  as  time  passes,  variation  diminishes  as  the 
site  approaches  its  ecological  potential. 


1.0  n 


0        10       20       30 
YEARS  SINCE  BURN 

Figure  2 — The  effect  of  vegetation  age  on  the  mean 
probability  of  burning  a  model  cell  (VEGBURN)  and 
its  standard  deviation  (VEGSIG)  (adapted  from 
Rothermel  and  Philpot,  1973). 


11  "ire  occurrence  data  provided  by  Lynn  R. 
B.son,  director  of  aviation  and  fire  manage- 
n  Pacific  Southwest  Region,  Forest  Service, 
S  Department  of  Agriculture,  May  1,  1981. 


'^Rothermel,  Richard  C;  Charles  W.  Philpot. 
Mathematical  models  for  predicting  chaparral 
flammability.  Unpublished  paper,  Intermountain 
Forest  and  Range  Experiment  Station,  Northern 
Forest  Fire  Laboratory,  Missoula,  Montana,  1972. 


367 


Rate  of  spread  was  further  regulated  by  a  fire- 
size  function  (eq.  5),  which  determined  whether  the 
next  model  cell  would  be  consumed  by  the  fire. 
Large  model  elements  being  approached  by  small  fires 
have  a  low  probability  of  burning  and,  conversely, 
small  elements  being  approached  by  large  fires  have 
a  high  probability  of  burning. 

In  the  computer  simulation,  once  the  location  of 
a  fire  start  has  been  determined,  the  ignition 
(eq.  A)  and  vegetation  (eq.  7)  functions  are 
consulted  to  determine  if  the  first  cell  will  be 
burned.  If  not,  the  ignition  is  ignored  and  a  new 
random  fire  start  is  generated.  If  the  first  cell 
is  consumed,  the  rate-of-spread  function  (eq.  5), 
the  fire-size  function  (eq.  6),  and  the  vegetation 
function  (eq.  7)  for  the  adjacent  cell  are  employed 
to  determine  the  probability  that  the  next  cell  will 
also  be  consumed.  This  portion  of  the  model  is 
repeated  until  the  fire  goes  out.  If  the  cell  being 
approached  by  the  fire  is  a  fuelbreak,  whether  the 
fire  will  be  contained  is  determined  by  reference  to 
an  assumed  probability  that  the  fire  can  be  stopped 
at  the  fuelbreak.  That  probability  (0.8)  is  an 
amalgam  of  the  chances  of  a  fuelbreak  holding  the 
head,  flanks,  and  rear  of  a  fire;  it  is  based  on 
reported  experience  of  fuelbreak  success. 
Considering  the  planned  simplicity  of  our  model,  we 
do  not  feel  that  this  treatment  of  fuelbreaks  and 
other  vegetative  elements  is  unwarranted. 


MODELS  TESTED 

Ten  models  were  tested.  The  one  representing 
current  conditions  was  most  important,  as  only  this 
could  be  tested  against  reality.  The  modeled  area 
represented  approximately  80,000  ha  divided  into 
"watersheds"  of  400  ha  or  more.  (The  capabilities 
of  our  computer  dictated  the  400-ha  minimum  water- 
shed size.)  We  adjusted  our  fire  functions  to 
increase  the  probability  of  burning  a  AOO-ha  water- 
shed in  order  to  compensate  for  the  model's  inabil- 
ity to  explicitly  consider  smaller  fires  (eg.  6). 
This  adjustment  yielded  an  annual  wildfire  area 
distribution  (Table  lA)  in  agreement  with  historical 
records  (Philpot  1974).  Initially  we  assumed  that 
the  vegetation  had  an  average  age  of  27.. S  years  and 
a  standard  deviation  of  15  years.  After  several 
trial  runs  we  found  that,  in  our  model,  the  current 
fire  regime  yielded  a  mean  vegetation  age  of  32 
years,  and  a  standard  deviation  of  27.5  years.  For 
all  subsequent  runs  the  model  was  initialized  based 
on  these  parameters.  The  model  had  a  random  distri- 
bution of  cell  clusters  ranging  in  size  from  1200  to 
8000  ha.  Ages  were  randomly  assigned  which  repro- 
duced the  appropriate  distribution  of  age  classes. 

Watersheds  were  assumed  to  be  rectangular  and 
twice  as  long  as  wide.  Fuelbreak  area  was  taken  to 
be  100  meters  in  width  times  half  the  perimeter  of 
the  watershed  (assuming  that  adjacent  watersheds 
supply  the  other  half-perimeter  of  fuelbreaks).  In 
our  model  of  current  conditions,  fuelbreaks  sur- 
rounded randomly  located  watersheds  having  areas 
typical  of  fuelbreaked  watersheds  on  the  Angeles, 
Cleveland,  and  San  Bernardino  National  Forests.  The 


fire-  and  landslide-producing  capabilities  of 
current  condition  were  contrasted  with  those  o 
nine  other  conditions:  regularly-spaced  fuelb 
enclosing  watersheds  of  2000  ha  without  prescrlr 
fires,  and  prescribed  fire  intervals  of  15,  20 
and  30  years  with  the  current  fuelbreak  system 
the  2000-ha  fuelbreak  system. 


DISCUSSION 
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The  ability  of  a  model  to  predict  actual  co 
tions  depends  on  the  assumptions  used  to  const 
the  model.  In  a  complex  natural  ecosystem,  su 
the  fire  subclimax  chaparral,  model  assumption' 
imperfect,  at  best.  As  knowledge  of  the  paramt' 
influencing  the  ecosystem  improves,  the  model 
evolve  to  convey  actual  conditions  more  accura 
As  a  first  approximation,  however,  even  an  imp! 
feet,  simple  model,  such  as  ours,  may  identify 
potential  result  of  planned  management  strateg 
given  the  set  of  assumptions  which  land  manage 
now  use  and  the  current  state  of  knowledge  of 
ecosystem  interactions. 


From  our  10  model  runs,  several  trends  emer 
regarding  the  influence  of  prescribed  fires  an' 
fuelbreaks  on  wildfires  and  soil  slip  erosion.!" 


Prescribed  Fires 

In  our  model  all  prescribed  fires  were  assu 
to  be  uniformly  successful  in  reducing  fuel  vo 
and  none  escaped.  Prescribed  fires  dramatical 
modified  the  amount  of  area  burned  by  wildfire 
each  year.  Under  the  current  fuelbreak  system 
no  prescribed  fires,  the  long-term  average  are 
burned  annually  by  wildfires  was  estimated  to 
about  2.2  percent  (fig.  3).  The  average  annua 
wildfire  area  dropped  as  prescribed  fire  inter 
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e  1 — Interval  between  prescribed  burns  related 
xpected  frequency  of  area  burned  annually  by 
fire. 


Table  2 — Interval  between  prescribed  burns  related 
to  expected  frequency  of  annual  slip  soil  erosion 
rate. 


'0 
1.5 

'3.0 
4.5 
'6.0 

7-5 

'9.0 

b 


3 
1.5 

3.0 
5 

5.0 
5 

9.0 

D 


Prescribed  Fire  Interval  (years) 


TTT" 


30 


25 


20 


15 


— Expected  Frequency  (years/century)-- 


A.  Current  Fuelbreak  System 


16.5 

30.9 

25.7 

15.1 

4.8 

3.3 

1.4 

2.3 


30.7 
42.8 
19.7 
5.5 
0.7 
0.3 
0.0 
0.1 


37 
43 

15 
2 
0 
0 


0.0 
0.2 


43.5 
44.0 
10.7 
1.5 
0.2 
0.1 
0.0 
0.1 


B.  2000-ha  Fuelbreak  System 


15.3 

41.5 

23.4 

12.6 

3.8 

2.0 

1.1 

0.3 


32.2 
52.5 
12.4 
2.3 
0.4 
0.2 
0.0 
0.0 


36.8 
54.4 
7.5 
1.1 
0.1 
0.1 
0.0 
0.0 


42.6 
50.6 
6.1 
0.5 
0.1 
0.1 
0.0 
0.0 


45.7 
43.5 
9.5 
1.0 
0.0 
0.1 
0.0 
0.1 


48.3 
47.1 
4.0 
0.4 
0.1 
0.1 
0.0 
0.0 


"rescribed  burning  not  done. 


more  frequent  and  the  average  age  of  the  chap- 
l  decreased.  A  prescribed  fire  interval  of  30 
3  produced  an  expected  average  annual  wildfire 
of  0.9  percent  of  the  area,  or  about  43  per- 
of  the  average  annual  area  burned  by  wildfires 
r  the  current  system.  With  a  prescribed  fire 
rval  of  15  years,  the  average  annual  wildfire 
6  averaged  only  0.5  percent  of  the  area,  or 
(O:  23  percent  of  the  current  average  annual 
iTire  area. 

:t  only  was  average  annual  wildfire  area  re- 
i   by  prescribed  fire,  but  the  distribution  of 
sizes  shifted  to  smaller  fires  (table  lA). 
example,  with  the  current  system,  there  were  no 
fires  larger  than  400  ha  in  16.5  years  per 
jry,  whereas  with  a  15-year  prescribed  fire 
:vai  there  were  no  wildfires  larger  than  400  ha 
>.7  years  per  century.  With  the  current  sys- 
in  11.8  years  per  century,  wildfires  burned 
than  4.5  percent  of  the  area  and  in  2.3  years 
:entury,  more  than  9  percent  of  the  area. 
}   a  l5-year  prescribed  fire  interval,  wildfires 
;d  more  than  4.5  percent  of  the  area  only  twice 
millennium. 

:escribed  fire  had  an  erosional  penalty.  Under 
B;urrent  fuelbreak  system,  the  long-term  soil 
i  erosion  rate  was  about  39  m^/ha/year 
i  3).  This  rate  increased  to  110  m^/ha/year 
e  a  15-year  prescribed  burn  interval  was 
0:)yed,  which  is  a  282  percent  increase  in 
Siqe  annual  soil  slip  erosion. 


Annual 

Erosion 

Prescribed  Fire  Interval  (years 

) 

Rate 

(m^/ha) 

(t) 

30 

25 

20 

15 

— Expected  Frequency  (years/century) — 

A 

Current 

Fuelbreak  System 

0 

54.0 

53.1 

54.0 

53.4 

54.4 

0-50 

22.8 

19.5 

18.6 

17.1 

14.3 

50-100 

9.8 

9.5 

7.9 

6.6 

5.7 

100-200 

8.3 

10.2 

10.4 

9.3 

6.1 

200-400 

4.0 

6.1 

7.4 

9.6 

9.5 

400-600 

0.5 

1.1 

1.3 

3.2 

4.7 

600-800 

0.3 

0.2 

0.2 

0.6 

2.9 

800-1000 

0.0 

0.2 

0.1 

0.2 

1.1 

>1000 

0.1 

0.0 

0.0 

0.1 

1.2 

B. 

2000-ha 

Fuelbreak  System 

0 

55.0 

52.5 

53.6 

54.2 

54.2 

0-50 

21.9 

20.0 

18.2 

16.9 

15.0 

50-100 

7.4 

7.8 

7.3 

6.3 

4.5 

100-200 

9.6 

9.8 

9.3 

8.4 

6.3 

200-400 

4.9 

7.9 

8.7 

9.4 

8.7 

400-600 

0.8 

1.7 

2.4 

3.6 

5.7 

600-800 

0.2 

0.2 

0.2 

0.6 

2.8 

800-1000 

0.0 

0.1 

0.2 

0.2 

1.8 

>1000 

0.1 

0.0 

0.0 

0.1 

1.2 

(t)  Prescribed  burning  not  done. 


The  effect  of  prescribed  fire  on  the  distribu- 
tion of  soil  slip  erosion  rates  is  more  complex 
(table  2).  The  distribution  of  storm  severities 
fixes  the  frequency  of  soil-slip-producing  storms. 
Thus,  the  frequency  of  years  with  no  soil  slips  is 
independent  of  fire  management  strategy.  The  im- 
portant change  in  the  distribution  of  soil  slips  is 
the  marked  increase  in  the  frequency  of  larger 
events  as  the  prescribed  fire  interval  decreases — 
especially  in  the  strategy  utilizing  a  prescribed 
fire  interval  of  15  years.  That  strategy  increased 
the  number  of  years  with  soil  slip  erosion  greater 
than  200  m^/ha  by  almost  fourfold  to  almost  1  year 
in  5.  This  prescribed  fire  interval  concentrates 
the  age  distribution  of  the  chaparral  around  the 
trough  of  minimum  root  strength  (fig.  1),  resulting 
in  extreme  sensitivity  to  storms  having  soil-slip- 
producing  potential. 

Fuelbreaks 

The  addition  of  a  very  intensive  fuelbreak  sys- 
tem, isolating  each  2000-ha  watershed,  had  much 
less  effect  on  the  distribution  of  average  annual 
wildfire  area  than  the  various  fire  management 
strategies  (table  1),  but  it  shifted  the  fire-size 
distribution  toward  the  smallest  fires.  The 
intensive  fuelbreak  strategies  are  also  associated 
with  an  average  reduction  of  about  12  percent  in 
the  long-term  average  annual  wildfire  area  (fig.  3). 
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The  intensive  fuelbreak  system  had  little  effect 
on  the  distribution  of  erosion  rates  associated 
with  the  various  prescribed  fire  intervals 
(table  2).  Neither  did  it  seem  to  have  an 
appreciable  effect  on  the  average  annual  soil  slip 
erosion  rate  associated  with  various  prescribed 
burn  intervals  (fig.  3). 


CONCLUSIONS 

In  common  with  most  land  management  decisions, 
the  choice  of  a  fire  management  strategy  requires 
careful  evaluation  of  trade-offs.  Generally,  those 
strategies  achieving  the  greatest  reduction  in  area 
burned  by  wildfires  also  carry  the  greatest  soil 
slip  erosion  penalities.  This  is  because  reduced 
root  strength  and  slope  instability  accompany 
managed  reductions  in  fuel  volumes. 

A  hypothetical  2000-ha  fuelbreak  system  appears 
to  add  only  modest  fire  management  benefits  to  the 
various  prescribed  fire  strategies,  and  has  negli- 
gible effect  on  soil  slip  erosion.  Consequently, 
it  appears  that  increases  in  fuelbreak  density 
beyond  the  present  state  will  have  to  be  justified 
mainly  on  bases  other  than  reduction  of  burned  area 
or  erosion. 

It  should  be  kept  in  mind,  however,  that  the  in- 
creased erosion  rate  we  have  estimated  applies  to 
areas  having  a  distribution  of  slopes  matching  the 
average  for  chaparral  in  southern  California.  If 
the  various  strategies  we  have  discussed  were  ap- 
plied exclusively  to  the  30  percent  of  the  chapar- 
ral area  having  slopes  steeper  than  50  percent,  the 
erosion  rates  would  be  approximately  three  times 
greater.  On  the  other  hand,  if  the  manager  can 
restrict  his  activities  to  the  70  percent  of  the 
chaparral  growing  on  slopes  less  than  50  percent, 
the  erosional  consequences  that  we  have  estimated 
for  the  various  fuel  management  strategies  will 
almost  vanish.  Planning  a  fuel  management  strategy 
which  capitalizes  upon  this  dichotomy,  is  the 
challenge  facing  chaparral  land  managers. 
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ENDIX 


1.   Root  biomass  as  a  function  of 

time  since  last  burn  and  live  and 
dead  root  biomass  at  last  burn. 

For  chaparral: 

LIVE(t)  =  1270/(1  +  C  *  e-0-22T) 

DEAD(t)  =  0.905  *  LIVE(O)  *  e-O-^T 
+  DEAD(O)  *  e-0-5T 

where:  C  =  (1270  -  Lo)/Lo, 

Lq  =  0.095  *  LIVE(O)  +  12, 
t  =  years  since  last  burn, 
T  =  t  -  2,  for  t  ^  2,  and 
=  0,  for  t  <  2. 

For  fuelbreaks: 

LIVE(t)  =  DEAD(t)  =  0 


Eq.  4 


Eq.  5 


2 


Eq.  6 


Storm  severity  as  a  function  of  storm 
duration  and  rainfall  amount. 

SEVR  =  log(0.081  *  l0-93  *  dO.36) 

where:  I  is  the  mean  rainfall 
intensity  in  mm/hr, 
D  is  the  storm  duration 
in  hours. 


Percent  of  area  in  landslides  given  storm 
severity,  SEVR,  residual  slide  effects, 
RESID,  and  summed  live  and  dead 
root  biomass,  BMASS. 

P  =   (2.2  *   109)  *   SEVRl-13  _  ^^^^^ 


Eq.  7 


ana 


BMASS3.6  +  (2.4  *  10^) 
RESIU(new)  =  RESIU(old)  +  P 


Probability  of  the  first  cell 
igniting  if  cell  is  of  average  age. 


SPREAD  =  5.74  *  SIZE (CELL) 


-0.577 


where:  SIZE(CELL)  is  the  area  of 
the  cell  where  the  possible 
ignition  occurs. 


Probability  of  fire  spreading  to  the  next 
cell  if  it  is  of  average  age. 


SPREAD  = 


j  FIRAREA  -t-  SIZE  (CELL)  j  "^'^"^"^ 
~     SIZE (CELL)        J 


where:  FIRAREA  is  the  current 
size  of  the  fire. 


Fire-spread  function  adjusted  to 
compensate  for  area  burned  in  fires 
smaller  than  minimum  cell  size  (applies 
to  second  cell  of  a  fire  only). 

SPREAD  =  0.556  *  SPREAD 


Fire-spread  function  adjusted  for  age  of 
vegetation. 

SPREAD  =  1.284  *  SPREAD 

*  N(VEGBURN,  VEGSIG) 

where:    N(VEGBURN,  VEGSIG)  is  a 
normal  random  variable 
having  the  mean  and  the 
standard  deviation 
corresponding  to  the  age 
of  the  vegetation  in 
figure  3. 


371 


Runoff  and  Sedimentation  Potentials 
Influenced  by  Litter  and  Slope  on  a  Chaparral 
Community  in  Central  Arizona^ 

John  H.  Brock  and  Leonard  F.  DeBano" 


■  t 


The  chaparral  type  is  an  important  watershed 
resource  in  Arizona  where  it  covers  about  3-1/2 
million  acres  at  mid-elevations  throughout  the 
central  part  of  the  state  (Hibbert  and  others 
1974) .   These  brush-covered  areas  are  potential 
sources  of  increased  streamflow  when  the  deep- 
rooted  brush  plants  are  replaced  with  shallower- 
rooted  grasses  and  forbs  (Hibbert  1979) .   The 
possibility  of  large-scale  treatments  of  this 
vegetation  type  makes  it  essential  to  better 
understand  the  potential  on-site  runoff-sedimenta- 
tion relationships.   This  study  reports  the 
results  of  inf iltrometer  trials  which  were  used 
to  establish  the  effect  of  different  litter  and 
slope  conditions  on  runoff  and  associated  on-site 
sediment  movement  in  an  undisturbed  stand  of 
Arizona  chaparral. 

Several  factors  affect  the  runoff-sedimentation 
relationships  in  chaparral, including   vegetation 
cover  and  density,  litter,  slope,  and  the  infil- 
tration capacity  of  the  soil.   In  chaparral  areas 
receiving  22  inches  or  more  of  precipitation 
annually  the  brush  cover  is  usually  moderate  to 
dense  with  a  sparse  understory  of  native  herba- 
ceous plants  (Hibbert  and  others  1974).   The 
amount  of  litter  on  the  soil  surface  varies  widely 
depending  partly  on  the  brush  density.   For 
example,  in  an  oak-mountainmahogany  stand  the 
weight  of  L-  and  F-material  (current  and  partly 
decomposed  litter)  on  the  forest  floor  varied 
from  9.2  to  27.1  metric  tons  per  ha  (Pase  1972). 

The  physical  properties  and  infiltration 
characteristics  of  the  chaparral  soils  vary  widely 
depending  upon  the  parent  rock  material.   In  many 
areas  the  parent  rock  is  granite  which  weathers 
into  a  coarse-textured  soil  having  a  high  infil- 
tration capacity  but  which  can  be  highly  erosive 
on  steep  slopes  because  it  lacks  soil  structure. 


Presented  at  the  International  Symposium  on 
Dynamics  and  Management  of  Mediterranean- type 
Ecosystems:   June  22-26,  1981,  San  Diego, 
California. 

Assistant  Professor,  Division  of  Agriculture 
Natural  Resource  Management,  Arizona  State 
University,  Tempe,  Arizona  85281;  and  Supervisory 
Soil  Scientist,  Rocky  Mountain  Forest  and  Range 
Experiment  Station,  U.S.  Forest  Service,  Arizona 
State  University,  Tempe,  Arizona  85281. 
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Abstract:   Runoff  and  sediment  was  measured  f o  ;^ 
chaparral  community  on  the  Prescott  National 
Forest  in  the  summer  of  1979.   Simulated  rainf | 
intensities  of  12.5  cm/hr  were  applied  to  stee 
moderate, and  gentle  sloped  plots  covered  with 
none,  light,  moderate  and  heavy  litter.   Inf 11 
tration  capacity  was  highest  (10.8  cm/hr)  on 
heavy  litter  plots  giving  low  runoff  potential  ; 
Highest  sediments  (1466  kg/ha)  were  from  bare 
soils.   Litter  cover  significantly  reduced  sedjj 
ment  losses  and  decreased  runoff  potentials.   ;  !(■ 


Although  the  infiltration  capacity  in  chaparra 
soils  is  usually  high,  it  may  be  restricted  bj 
water-repellent  substances  present  in  the  litt 
and  underlying  soil.  Water  repellency  is  most 
likely  a  problem  after  fire  although  it  may  a 
be  present  in  unburned  chaparral  litter  and  s 
(DeBano  and  others  1979). 

When  fully  vegetated,  chaparral  watersheds' 
seldom  show  overland  flow  (Rice  1974) .   Both 
surface  litter  and  plant  canopy  promote  infilti' 
tion  by  reducing  raindrop  impact  and  impeding 
overland  flow,  thereby  providing  temporary 
storage  for  periods  of  high-intensity  rainf ai; 
Litter  material  in  an  oak-mountainmahogany  st. 
in  Arizona  was  found  to  retain  from  4.8  to  5. 
of  precipitation  against  free  drainage  (Pase 
High  infiltration  rates  and  the  storage  capac 
of  the  chaparral  soil  and  litter  leave  little 
water  available  for  overland  flow  (DeBano  and 
others  1979). 


METHODS 

The  study  area  was  located  in  a  chaparral 
community  about  2  miles  S.W.  of  the  Goodwin, 
Arizona, townsite  on  the  Prescott  National  For 
The  cover  on  the  study  area  was  composed  main 
of  shrub  liveoak  (Quercus  turbinella)  and  Wri 
mountainmahogany  (Cercocarpus  brevif lorus) . 
These  species  are  typical  of  much  of  Arizona 
chaparral  (Cable  1972,  Carmichael  and  others 
1978). 


Jtli 


Twelve  study  sites  were  selected  on  differ 
slopes  and  litter  conditions  in  the  area.   Th 
slope  categories  selected  were    (1)  gentle  C 
percent,  (2)  moderate  20-39  percent,  and  (3) 
percent.   Within  each  slope  category,  four 
different  litter  conditions  were  selected  for 
study.   The  litter  classes  included    (1)  nor 
(2)  light,  (3)  moderate,  and  (4)  heavy  amount  *[' 
the  soil  surface.   The  litter  was  visually 
classified  into  these  four  classes  when  studj 
sites  were  selected;  amounts  of  litter  were 
measured  after  completion  of  the  infiltromett 
trials.   Two  replicates  of  each  slope-litter 
combination  were  used  for  the  study. 

Inf iltrometer  trials  were  run  on  each  of  1 
twelve  plots.  Infiltration  rates  were  measui 
using  a  drip  inf iltrometer  (Blackburn  and  otl 
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in  this  paper  are  for  wet  soils  during  peak  run- 
off. 

After  runoff  stopped,  a  1-liter  aliquot  of  the 
runoff  water  was  saved  for  sediment  analysis. 
The  amount  of  sediment  lost  in  the  runoff  water 
was  determined  by  filtering  it  through  No.  41 
filter  paper  and  oven-drying  the  residue  at  105°C 
for  24  hours  before  weighing.   Sediment  losses  are 
reported  in  kilograms  per  hectare. 

The  sediment  yield  data  were  normalized  by 
using  a  common  logarithmic  transformation  prior 
to  statistical  analysis.   The  data  was  analyzed 
using  the  Statistical  Analysis  System  (SAS)  soft- 
ware package  (Barr  and  others  1976).   Analysis  of 
variance  (Steele  and  Torrie  1960)  was  used  to  test 
for  differences  in  runoff,  sediment,  litter  and 
soil  characteristics.   Duncan's  new  multiple  range 
test  (P  =  0.05)  was  performed  when  F-values  were 
significant.   Stepwise  multiple  regression  analyses 
were  used  to  isolate  the  effect  of  slope,  litter 
classes,  and  soil  characteristics  on  infiltration 
rates  and  sediment  production.   Variables  included 
in  the  regression  models  if  significant  at  P  = 
0.10. 


RESULTS  AND  DISCUSSION 


re  1 — Modified  rainfall  inf iltrometer . 


)  modified  to  improve  portability  in  rugged 
Piin  (fig.  1) .   Simulated  rainfall  was  applied 
0  0.36  m2  modules  to  a  0.25  m^  sample  plot  at 
r:e  of  12.5  cm/hr  for  30  minutes.   The  four 
tir  plots  within  each  slope  category  received 
mated  rainfall  from  the  inf iltrometer  in  a 
n_e  day.   Following  the  initial  application, 
eilots  were  covered  with  plastic  to  retard 
au-ation,  and  after  six  hours  of  drainage  the 
d   received  simulated  rainfall  with  the  soil  in 

;  condition. 

tecedent  soil  water  was  determined  gravimet- 
ly  from  samples  of  surface  soil  (0-5  cm) 
I  immediately  adjacent  to  the  plots.   Follow- 
;ach  wet  soil  inf iltrometer  trial  the  litter 
emoved  from  the  plot  using  a  fine  rake,  and 
dried  at  80°C  for  48  hours.   Rocks  were 
'ed,  and  litter  weighed.   A  soil  sample  from 
urface  0-5  cm  depth  was  collected  for 
quent  analysis.   Soil  organic  matter  was 
mined  by  chromic  acid  oxidation  (Jackson 
and  soil  texture  by  the  hydrometer  method 
1965). 

noff  water  drained  through  a  minature  flume 
as  collected  in  a  10-liter  plastic  bottle. 
uantity  of  runoff  '..-as  measured  in  a  1-liter 
ated  cylinder  at  5-minute  intervals  and 
ded  to  the  nearest  milliliter.   Data  was 
rted  to  centimeters  of  runoff  per  area  and 
to  calculate  infiltration  rates  for  5-mlnute 
intervals.   The  infiltration  rates  reported 


Litter  and  Soil  Conditions 

The  slope  of  the  individual  plots  selected  for 
study  ranged  from  6  to  67  percent  (table  1). 
Mean  litter  ranged  from  none  on  the  bare  plots  to 
36074  kg/ha  on  the  sites  having  heavy  litter 
accumulations  (table  2).   The  quantities  of  litter 
measured  in  this  study  v;ere  similar  to  those 
reported  by  Pase  (1972)  in  Arizona  and  DeBano  and 
Conrad  (1978)  in  California  where  both  the  F-  and 
H-layers  (humus)  vjere  reported  as  litter.   In  the 
study  area  about  10  percent  of  the  surface  was 
bare  soil,  17  percent  covered  with  light,  31  per- 
cent moderate,  and  42  percent  with  heavy  accumula- 
tions of  litter.   The  average  amounts  of  litter  on 
the  gentle,  moderate  and  steep  slopes  were  14073, 
11326,  and  14600  kg/ha,  respectively, but  were  not 
statistically  different  at  the  0.05  level.   Soil 
organic  matter  was  greater  on  the  heavy  litter 
plots,  as  expected,  but  only  significantly 
different  from  plots  having  no  litter  (table  2) . 


Table  1 — Slope  (percent)  characteristics  of  plots 
used  for  studying  runoff  and  sedimentation 
potentials  of  a  chaparral  community  in  central 
Arizona. 


Slope  Category 

Category  Data 

Gentle 

1 

Moderate 

1 

Steep 

Category  Limits 

0-19 

20-39 

>40 

Observed  Ranges 

6-15 

20-33 

55-67 

Mean  Slope 

3.9 

25.0 

58.2 
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Table  2 — Surface  soil  properties  of  a  chaparral 
community  in  central  Arizona. 


Organic 

Soil 

Litter 

Matter 

Percent 

Cover 

(kg/ha) 

Percent 

Sand 

Silt 

Clay 

None 

^Oc 

2.2b 

51.9a 

31.0b 

17.0a 

Light 

3,804c 

3.2ab 

52.0a 

33.5ab 

14.4ab 

Moderate 

13,454b 

4.  Sab 

50.7a 

34.3ab 

14.9ab 

Heavy 

36,074a 

8.5a 

49.2a 

36.6a 

14.0b 

■'Means  followed  by  the  same  letter  are  not 
significantly  different  at  P  =  0.05  percent. 


Generally,  organic  matter  increased  in  the  soil 
as  the  thickness  of  the  litter  layer  increased. 

The  surface  soils  were  classified  as  silt  loams 
for  all  slope  and  litter  combinations.   There  were 
no  significant  differences  in  the  sand  fraction 
among  the  four  litter  classes.   In  contrast,  the 
silt  and  clay  fractions  were  statistically 
different  (table  2).   Silt  increased  with  increas- 
ing amounts  of  litter.   Clay  content  was  2.6 
percent  higher  in  soils  on  bare  plots  compared  to 
those  having  some  litter  cover. 


Infiltration  Rates 

The  terminal  infiltration  rate,  or  infiltration 
capacity,  is  defined  as  the  stable  rate  which  is 
attained  during  a  30-minute  inf iltrometer  trial. 
The  terminal  infiltration  rate  for  the  dry  soil 
averaged  9.4  cm/hr  and  was  significantly  greater 
(P  =  0.05)  than  the  8.4  cm/hr  rate  in  the  wet 
soils. 

No  significant  differences  in  terminal 
infiltration  rates  were  found  in  the  wet  soils 
among  the  different  slope  classes  (fig.  2).   The 
steep  slopes  had  the  highest  infiltration  rates 
(9.1  cm/hr).   This  may  have  occurred  because  the 
steep  slopes  had  shallow  soils  which  contained 
numerous  fractures  in  the  unweathered  granitic 
parent  material.   On  the  more  gentle  slopes,  the 
surface  soils  probably  developed  from  colluvial 
material  which  produced  a  deeper  soil  containing 
more  clay  and  silt  than  those  on  steeper  slopes 
(table  3).   Consequently,  infiltration  rates  were 
slower  on  the  gentle  and  moderate  slopes  compared 
to  the  steep  slopes  (fig.  2).   The  major  feature 
governing  infiltration  into  chaparral  soils 
appears  to  be  the  amount  of  litter  accumulating  on 
the  soil  surface.   The  infiltration  capacities  of 
plots  having  the  greatest  amounts  of  litter  (36074 
kg/ha)  was  10.8  cm/hr  after  30  minutes  of 
simulated  rainfall  (fig.  3).   Moderate  quantities 
of  litter  (13454  kg/ha)  had  an  average  infiltra- 
tion capacity  of  about  2  cm/hr  less  than  those 
plots  covered  with  a  heavy  litter  accumulation. 
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Figure  2 — Terminal  infiltration  rates  (cm/hr) 
wet  soils  as  influenced  by  slope  in  a  chaparrc| 
community  in  central  Arizona. 


On  plots  having  light  amounts  of  litter,  or  nc 
litter,  the  infiltration  capacities  were  30  ti 
percent  less  (and  statistically  significant)  \ 
on  plots  having  heavy  amounts  of  litter. 

The  influence  of  litter,  or  its  decomposed 
counterpart-soil  organic  matter,  on  water  mov 
into  chaparral  soils  was  further  verified  by 
regression  analysis.  The  best  three-variable 
equation  describing  the  infiltration  capacity 
dry  soils  (Y^)  was; 


Yi  =  13.0388  +  0.3325  organic  matter 
-  0.0564  silt  -  0.2234  clay 

This  model  accounted  for  75  percent  of  the  va 
tion  observed  in  the  infiltration  capacity  of{ 
dry  soil.  The  first  variable  in  the  model,  ji 
organic  matter,  yielded  a  coefficient  of  dete 
mination  of  0.48.  In  the  wet  soil,  slightly  L 
of  the  variation  in  infiltration  capacity  (Yj 
was  accounted  for  by  a  three-variable  model, 
equation  for  the  wet  soil  was: 

Y2  =  0.4457  +  0.0008  litter  +  0.02287 
organic  matter  +  0.1123  sand 

This  equation  had  a  coefficient  of  determinal 
of  0.84  and  the  first  variable  in  the  model, 
litter,  accounted  for  66  percent  of  the  vari 
observed  in  infiltration  capacity. 
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e  3 — Soil  textural  properties  of  soils  on 
le,  moderate  and  steep  slopes  in  an  Arizona 
arral  community. 


Sand 

Silt 

Clay 

e  Category 

Percent 

Percent 

Percent 

o 

.c 

\ 

le 

^52. 4a 

33.5a 

14.  lb 

rate 

44.6b 

36.2a 

19.1a 

Z 

o 

■D 

P 

55.9a 

31.9a 

12.2b 

Q 

o 

q: 

Q. 

Means  in  columns  followed  by  the  same  letter 
not  significantly  different  at  P  =  0.05  per- 


ment  Production 


he  sediment  losses  from  the  three  slope 
ses  were  not  statistically  different.   However, 
ment  losses  were  significantly  different  among 
four  litter  classes.   The  greatest  loss  (1466 
a)  was  from  bare  soils  that  were  wet  (fig.  4). 

small  amounts  of  litter  on  the  soil  surface 
ificantly  decrease   the  sediment  lost  in  the 
ff  water.   The  lowest  sediment  loss  (20  kg/ha) 
measured  on  plots  having  a  heavy  litter  layer. 
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Figure  4 — Sediment  production  from  wet  soils  after 
30  minutes  at  12.5  cm/hr  rainfall  intensity  as 
influenced  by  litter  class.   Column  means  with 
the  same  letter  are  not  significantly  different 
at  P  =  0.05  percent. 
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|re  3 — Infiltration  capacity  (cm/hr)  for  wet 
ts  as  influenced  by  litter  class.  Means  for 
linal  infiltration  rate  followed  by  the  same 
•ier  are  not  significantly  different  at  P  =  0.05 

lent. 


The  on-site  movement  of  sediment  measured 
during  the  inf iltrometer  trials  reported  here  are 
comparable  to  a  long-term  sediment  rate  of  0.7 
m^/ha  reported  for  a  nearby  watershed  (Hook  and 
Hibbert  1979) .   If  the  volume-weight  of  the 
sediment  is  assumed  to  be  1121  kg/m^  (Megahan 
1972) ,  then  the  mass  of  sediment  moving  off  this 
watershed  was  812  kg/ha  per  year.   The  sediment 
rates  measured  in  this  study  were  also  comparable 
to  those  reported  on  other  small  plots  or  infil- 
trometer  trials.   In  southern  California,  on-site 
sediment  movement  rates  of  210  kg/ha  were  measured 
on  small  plots  in  untreated  chaparral  on  a  50 
percent  slope  (DeBano  and  Conrad  1976) .   Recent 
studies  on  Texas  grasslands  using  a  similar  type 
inf iltrometer  showed  that  maximum  sediment  losses 
from  untreated  short-grass  ranges  were  252  kg/ha 
(Brock  and  others  1981),  196  kg/ha  on  heavily 
continuously  grazed  pastures  during  years  of 
favorable  moisture  (VJoods  1980),  and  over  1000 
kg/ha  following  a  summer  drought  on  heavily 
grazed  areas  (Knight  and  others  1980) . 

Sediment  production  rates  measured  by 
inf iltrometers,  or  on  small  plots,  should  be  used 
with  extreme  caution  when  assessing  the  long-term 
erosion  rates  from  large  watersheds.   The  measure- 
ments may  not  be  comparable  because  many  of  the 
on-site  erosional  processes  are  altered  down-slope 
or  completely  different  in  the  channels  draining 
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larger  watershed  areas.   However,  small  plots  and 
infiltrometers  are  useful  tools  for  isolating 
some  of  the  factors  affecting  on-site  erosion 
such  as  litter,  soil  physical  properties,  local- 
ized slope  conditions,  effect  of  fire,  water 
repellency,  and  a  host  of  other  small-scale 
processes.   These  small-scale  studies  provide  a 
much  better  chance  of  rigorously  testing  some 
variables  while  controlling  others. 

Sediment  losses  were  also  related  to  organic 
matter,  litter  and  soil  properties  in  dry  and  wet 
soils  by  regression  analysis.   Litter  and  soil 
organic  matter  were  related  to  sediment  loss  as 
was  the  case  for  infiltration  capacity,  but  the 
regression  coefficients  were  reversed  in  sign. 
The  prediction  equation  for  the  log  of  sediment 
losses  (Y3)  from  dry  chaparral  soil  was 


Y3  =  -2.8797 


0.2614  organic  matter 
+  0.0962  sand  +  0.02706  clay 


This  three-variable  model  accounted  for  65  percent 
of  the  variation  observed  in  the  log  of  sediment 
yield.   When  only  one  variable,  organic  matter, 
was  used, only  48  percent  of  the  observed  variation 
was  accounted  for  in  the  regression.   The  regres- 
sion model  for  the  log  of  sediment  losses  of  wet 
soils  (Y4)  was 

Y4  =  6.2423  -  0.0006  litter  -  0.1841 
organic  matter  +  0.0417  clay 

The  coefficient  of  determination  for  the  three 
variables  was  0.76  and  litter  accounted  for  67 
percent  of  the  variation. 


CONCLUSIONS 

Infiltration  capacity  of  chaparral  soils  was 
found  to  be  influenced  more  by  soil  surface 
characteristics  than  by  steepness  of  slope.   The 
infiltration  capacities  were  lowest  on  bare  soils 
and  increased  when  litter  and  soil  organic  matter 
content  increased.   Sediment  losses  were  greatest 
on  unprotected  soils.   However,  even  small  amounts 
of  litter  on  the  surface  greatly  reduced  the 
on-site  erosion  potential  of  these  chaparral 
soils.   The  results  of  this  study  provided  some 
information  concerning  the  important  site  factors 
that  affect  on-site  erosion,  particularly  if  they 
are  affected  by  chaparral  treatments.   For  example, 
treatments  in  chaparral  communities  which  bare 
the  soil  and  leave  it  unprotected  should  be 
avoided.   When  mineral  soil  is  exposed  by 
mechanical  treatments  or  overly  intense  fires, 
revegetation  or  surface  modifications  such  as 
contour  furrowing  and  revegetation  should  be 
undertaken  immediately  to  reduce  potential  soil 
movement  and  loss. 
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Role  of  Fungi  in  Postfire  Stabilization  of 
Chaparral  Ash  Beds^ 

Paul  H.  Dunn,  Wade  G.  Wells  II,  Juliana  Dickey,  and  Peter 
M.  Wohlgemuth^ 


Abstract:      Raindrop    impact   is  a  major  agent   of 


"!l. 


Wildfire  and  flooding  after  wildfire  in  chap- 
arral have  been  problems  to  land  managers  for  many 
years.   Because  postfire  floods  frequently  take 
the  form  of  mudflows,  the  problem  is  complex, 
involving  sediment  management  and  ecosystem  man- 
agement as  well  as  protection  of  lives  and  prop- 
erty.  It  is  unrealistic  to  expect  to  stop  post- 
fire sedimentation  completely,  but  reducing  the 
size  of  individual  events  and  minimizing  potential 
damage  are  attainable  goals. 

Solutions  to  the  sediment  production  problem 
take  one  of  two  approaches:   engineering  and 
biological.   Crib  dams,  debris  basins,  flood 
control  dams,  and  flood  control  channels  are 
examples  of  the  engineering  approach.   These 
structures  function  by  trapping  or  diverting 
sediments  that  would  otherwise  damage  developed 
areas.   Although  all  these  structures  are  essen- 
tial to  sediment  management,  they  do  have  draw- 
backs.  They  are  expensive  to  build  and  maintain, 
and  they  divert  sediments  formerly  transported  to 
the  ocean  where  they  replenished  beach  sand  con- 
stantly eroded  by  wave  action  (Brownlie  and  Taylor 
1981). 

One  biological  approach,  in  use  for  several 
years,  has  been  to  seed  burned  areas  with  grass, 
particularly  to  annual  ryegrass  (Lolium  spp.). 
This  treatment  is  of  questionable  value  for  ero- 
sion reduction  and  has  definite  drawbacks,  and 
land  managers  are  presently  seeking  biological 
alternatives.   One  such  alternative  is  the  use  of 
heat-shock  soil  fungi,  a  group  indigenous  to 
chaparral.   This  group,  long  known  to  be  present 
but  without  an  identified  ecological  function, 
occurs  in  most  ecosystems  associated  with  fire. 
They  require  a  period  of  heating  before  their 
spores  will  germinate,  yet  the  organisms  are  not 
thermophilic  since  they  will  not  grow  at  the 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

2 
Microbiologist,  Hydrologist,  Soil  Microbiolo- 
gist, and  Geomorphologist,  respectively.  Pacific 
Southwest  Forest  and  Range  Experiment  Station, 
Forest  Service,  U.S.  Department  of  Agriculture, 
Glendora,  Calif. 
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soil  erosion,   and  any   reduction   in  its   effective 
ness   reduces  sediment   production  from  burned 
watersheds.      A  chaparral   soil   treated   with  heat- 
shock  fungi    in   three   combinations   was   compared  ti 
sterile   soil    to   test   the   ability   of   postfire 
heat-shock   fungi   to  diminish   raindrop    impact 
erosion.      Two   to   three   times   as   much   sediment  wal 
detached    from  sterile   soil   as   from  any  of    the 
three    fungal    treatments.      A   1-month   incubation 
period   was   sufficient   to  allow  all   fungal    treat-| 
ments   to   resist   raindrop    impact. 
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elevated  temperatures  characteristic  of  thermo- 
philes.   The  heat-shock  fungi  in  ash  beds  are 
adapted  to  the  high  ammonium  and  pH  conditions  o: 
the  ash  and  are  capable  of  very  rapid  growth 
rates.   They  are,  however,  unable  to  compete 
against  other  saprophytic  fungi  (El-Abyad  and 
Webster  1968a, b)  and  are  only  active  during  the 
period  following  a  fire.   Fire  kills  the  nonheat 
shock  saprobes,  but  they  later  reinvade  from 
outside  areas.   There  is  also  a  possibility  that 
heat-shock  fungi  will  be  eliminated  or  their 
numbers  seriously  reduced  if  a  fire  is  extremely 
hot  over  dry  soil  or  hot  over  a  wet  soil  (Dunn  a 
DeBano  1977). 


Many  fungi,  including  heat-shock  fungi,  are 
capable  of  soil  aggregation  (Tisdall  and  others 
1978,  Harris  and  others  1966).   The  mycelium 
surrounds  the  soil  particles  and  intertwines  amo 
them  to  form  aggregates.   The  aggregates  show  a 
high  degree  of  stability  (Harris  and  others  1966 
and  thus  are  resistant  to  soil  detachment  by 
falling  raindrops,  one  of  the  major  soil  erosion 
processes  (Mutchler  and  Young  1975,  Wells  and 
Palmer  1981).   Heat-shock  fungi  form  definite 
crusts  on  the  surface  of  ash  beds,  and  often 
produce  fruiting  bodies  on  this  surface  or  on 
charred  twigs  and  grass  blades  poking  up  through 
it  (Zak  and  Wicklow  1978,  1980). 

In  southern  California  chaparral,  there  are 
five  principal  heat-shock  fungi:   Pyronema 
omphalodes  (Bull,  ex  St.-Amans)  Fuckel, 
Aspergillus  f ischeri  var .  glaber  Fennel 1  and 
Raper,  Gelasinospora  cerealis  Dowding ,  Humicola 
f uscoatra  Traaen,  and  A.  f umigatus  Fresenius. 
These  fungi  seem  to  be  distributed  throughout 
southern  California  chaparral  soils,  although 
local  dominance  by  a  given  species  tends  to  vary 
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This   paper  examines   the   ability   of  heat-shock 
fungi    to  stabilize    the  ash    layer  and   prevent   soi 


erosion  by   raindrop    impact, 


MATERIALS   AND  METHODS 

The   soil   used   was  a  Soper    loam,   an  argixeroll 
collected   in  Bluebird   Canyon  on  the   San  Dimas 
Experimental    Forest    in  southern  California. 
Litter   was  collected    from  the   soil    surface,   and 
soil   was   collected    from   the  upper  5   cm  of   minera 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  F 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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The    litter  was  ashed   until   black,    but   still 
)gnizable.      The  ash   was   then  sieved   to   remove 
and    large   particles  and    then  ground   to   pass 
0.5-inm  sieve   of   a   Wylie  Mill.      The   soil   sample 
sieved   at   2  mm. 

'he   soil   was  given   two    treatments.      First, 
t   soil   was  heat-shocked  by   oven  heating   the 

to  60°  C  and  maintaining  that  temperature  for 
linutes,  conditions  typical  of  subsurface 
rs  during  fire.  The  time  and  temperatures  for 
—shocking  were  chosen  on  the  basis  of  moisture 
ent  (Dunn  and  DeBano  1977).  The  second  treat- 
,  sterilization,  was  done  by  steam  autoclaving 
90  minutes  on  four  successive  days.  Sterility 
6  tested  by  plating  on   tryptic   soy   agar    (DIFCO). 


11    soil   was  handled   under   sterile   conditions. 
1    was  moistened   to   field   capacity,    placed   in 
1i  dishes    (100  mm  by   15  mm),    leveled   at  approx- 
aely   13  mm  with  a  spatula,    and   sprinkled   with 
tto   a   1-mm  thickness.      For   inoculated    samples, 
a    of    the   inoculum  solution   was   placed   dropwise 
e    the   surface  of    the   ash   layer.      Lids   were 
aed   on  petri   plates   and   plates    were   incubated 

ays    at   24°   C.       Plates   were   watered    by  misting 
t   sterile   water   every  Monday  and   Thursday, 
fre    testing,   all   plates  were  allowed    to  dry    to 

2rcent   moisture. 


cjlum  Preparation 


Dil    from  Monroe  Truck  Trail   on   the   San  Dimas 
primental   Forest   was  heat-shocked    for    1.5   hr   in 
6°   C  oven  and  plated   on  Martin's    II,    an  agar 
t  penicillin  and   streptomycin,    each  at   50  units 
r n 1  aga r .      Aspergillus    f ischeri  va r .   glaber  wa s 
Oited   and   cultured  on   Czapek  solution  agar, 
i\   induces   production  of    conidia  and   asco- 
Ois.      Conidia   were    suspended    in  0.04   percent 
elle   saline  solution  by  disturbance  with   ster- 
ejlass   beads.      Spore  counts   were   made   with   a 
m:ytometer  and    inoculum  diluted    to   2.2  x    10 
Ois    per  ml. 


i  Tower  Testing 

.  5-m   enclosed    rain    tower,    designed    by   two    of 
eiuthors,      and    built   by    Keck    Engineering   Labo- 
t-y,    California   Institute   of   Technology,    was 
a  for   testing.      Waterdrops    were    produced    indi- 
dtlly  under   a  constant   head,   and   a  collimator 

I  percent    fused   alumina   was    installed   near   the 
t TO   to   screen  out   drops    falling   off   center.      A 
-  luge   needle   with  a  square-cut    point    produced   a 
Jim  waterdrop    with   a   mass    of    an    18.5  mg. 


ells,    W.    G.    II;    Dunn,    P.    H.;    Wohlgemuth, 
I    A  5   meter   rain   tower    for    testing   soil    treat- 
n     for   surface    stability.    (Unpublished    manu- 
r  t). 


The   samples   in   100-mm  petri  dishes  were   placed 
in   the   bottom   of    the    tower   on   a    small   platform 
which   had    a   35-percent   slope.      A  thin   piece  of 
plastic   110  mm   in  diameter,    with  a   10-mm  hole    in 
the   center,   was  placed   on  the   surface   of    the  ash 
to    keep    it    from  sticking    to   the    bottom    of    the 
sample    cup.      This   was   an   aluminum    cup    (resembling 
a   Dixie   cup)    fabricated    with   a    10-mm  hole    in    the 
cup    bottom   and   placed    on    the    plastic    with    the 
holes    aligning.      The   aluminum  cup    was   handled   with 
alcohol-rinsed    tweezers. 

Three  drops   of   water  were  allowed    to   strike    the 
exposed   10-mm  circle   of   soil  and   ash.      Any   soil   or 
ash  splashed   was   caught    in   the   aluminum   cup.      The 
aluminum  cup   was   ovendried  at    105°   C    for  24  hr  and 
weighed    to    the   nearest   0.01   mg.      The   cup   was 
rinsed   with   alcohol   and   redried,    and   then  a   tare 
weight   was    taken.      At   the   time   of    testing,   a 
portion   of   the   sample    in  the   petri   dish   was   re- 
moved   for   soil   moisture  determination. 


Experimental   Layout 

Four   treatments  were   tested    in   the   rain   tower: 
(1)    sterile   soil   and   ash,    (2)    sterile   soil   and   ash 
inoculated   with  A^.    f ischeri  var.   glaber,    (3) 
heat-shocked   soil   and   ash,    and    (4)   heat-shocked 
soil    and   ash   inoculated   with  A.    f ischeri  var. 
glaber.      Treatment    1    represented    the   condition 
where   the   soil   was   sterilized   with  a  hot   burn   over 
moist    soil.      Treatment    2   represented   the   same 
conditions   with  an   inoculation   of   A.    f ischeri  var. 
glaber   as   might    be    used   by  management.      Treatment 
3   represented    the   normal    field   condition   following 
wildfire.      Treatment   4   represented   the   normal 
conditions   plus   a   simulated    inoculation   to   enhance 
the   effect   of  heat-shock   fungi. 


RESULTS 

The   number   of   observations   per    treatment   varied 
from  21   to  47.      Means   and   standard   deviations   are 
shown   in   table    1.      It   is   clear   from    the    table    that 
the    two   treatments   involving  Aspergillus    f ischeri 
var.    glaber   are   effective    in    reducing    soil    detach- 
ment  by   raindrop    impact.      The    data    gathered    were 
not    found    to   be    sufficiently   normal    to    permit    the 
use    of    parametric    statistics    such   as   a    t-test    for 


Table    1 — Amount    of    soil    suspended    by   raindrop 
splash. 


Number    of 


Treatment 


Soil 


observations     i  Mean 


S.D. 


Sterile 

A.    f ischeri 

Heat-shock/A.f , 

Heat-shock 


47 
47 
28 
21 


mg 

0.49  0.28 

0.16  0.15 

0.17  0.19 

0.30  0.19 
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comparative   analysis.      Results  were  compared   using 
the  nonparametric  rank-sum  test,    employing  the 
rank-sum   statistic  T'    (Dixon  and  Massey    1969)_^ 
The  null  hypothesis   for   this   test   was    (T    '   -  m^,    + 
0.5)/o^i    =  0,    where  m^,    is   the  mean  of    the  sum  of 
the   ranks   for   two    test   samples,    Orj,t    is   this   rank- 
sum  standard   deviation,    and  T    '    is  the   sum  of   the 
ranks   of    the  observations    in   the  smaller  of   the 
two  samples. 

Production  of   rain-splashed    sediment  was   two    to 
three  times   greater  on  the   sterile   soil   than  on 
any  of    the   soils  with  fungi    (table    1).      When 
compared   with   the  other   treatments,    it   was   sig- 
nificantly different   from   them  at  a  99-^ercent 
confidence    level    (table  2). 

The  natural   heat-shock  flora  reduced    the  amount 
of   rain-splashed   sediment  by   40  percent   over   the 
sterile   treatment.      Enhancement   with  additional   A. 
f ischeri  var .   glaber  produced   even  greater   reduc- 
tions,   45  percent   over   the  heat-shock   treatment 
and  65   percent   over   the  sterile   soil.      There   was 
no  difference  between  the   two   treatments   in  which 
A.    f ischeri  var.    glaber  was   inoculated. 


DISCUSSION 

Two   questions  must  be   answered   before  heat- 
shock   fungi   can   be    suggested   as   a    supplement    to   or 
replacement   for  postfire  ryegrass   seeding:      do 
fungi   stabilize   the  postfire  ash  bed,   and   if   so, 
can  this  effect  be   enhanced   by  applying   supple- 
mental heat-shock  mycoflora?     The   results   show 
that  heat-shock  fungi  do  stabilize    the   postfire 
ash  bed   against   rain-splash  erosion  and   that 
stabilization  against   rain-splash  erosion  can  be 
enhanced.      The  normal  heat-shock   fungal    flora   was 
not  as  effective  as   the  heat-shock   fungal    flora 
enhanced   with   additional  A^.    f ischeri   var.    glaber 
or  sterile   soil   so   enhanced .      Since   there  was  no 
difference   between  the    two  A.    f ischeri   var.   glaber 
treatments,   we   infer   that   the  effects   of    the 


Table  £< — Results  of   comparative  analysis   of   data 
for   foi^r   soil    treatments,    shown  as  normalized   Z 
scores., 


Treatment 

Sterile 

Heat- 
shock 

Heat-shock/ 
A.f.^ 

A.f. 

Sterile 

X 

Heat-shock 

-2 

.89 

X 

Heat-shock/A, 

f . 

-5 

65 

-2.89 

X 

A.f. 

-6 

.32 

-3.03 

2 
Nonre ject 

X 

A.    fischeri 

var 

•   gla 

ber. 

For  a   two-tailed    test  at   the  significance   level 
a   =   0.01,    the   null   hypothesis    is   rejected    when 

-2.58>Z>2.58. 
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natural   heat-shocked   fungi   and   additional   A. 
fischeri   var.    glaber  are  complementary  and   not 
additive.      All   treatments  with   fungi  were   superlct 
to  sterile   soil   in  reducing  rain-splash  erosion 
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All  test  plates  were  incubated  for  1  month  at 
24°  C  under  field  capacity  moisture  conditions. 
In  the  field,  such  conditions  rarely  exist  and  t\j( 
time,  temperature,  and  moisture  conditions  re- 
quired for  optimal  growth  must  still  be  deter- 
mined.  It  is  known  that  the  pH  and  nitrogen 
conditions  found  in  chaparral  ash  beds  are  near 
optimum  for  all  known  heat-shock  fungi.   The 
ability  of  heat-shock  fungi  to  respond  to  a  wide 
range  of  growth  conditions  requires  further  stud^i 


The  fungal  inoculation  described  in  this  papei 
is  effective  in  reducing  erosion  caused  by  rain- 
drop impact,  a  major  erosional  process  (Mutchler 
and  Young  1975).  The  effect  of  this  treatment  oii 
other  postfire  processes,  such  as  dry  ravel  and 
rill  formation,  has  not  been  tested.  It  has  beeii 
hypothesized  that  these  two  processes  are  initi 
ated  below  the  soil  surface  because  of  small  locc 
changes  in  the  intergranular  friction  of  the  soi] 
particles  (Wells  1981).  It  is  possible  that 
treatments  with  fungi  may  cause  slight  increases 
in  soil  shear  strength  near  the  surface  and,  as  i 
result,  mitigate  erosion  by  these  processes. 

Complete  control  of  erosion  in  mountainous 
terrain  is  not  attainable  and  probably  not  desir 
able.   Steep  slopes  must  maintain  their  equilib- 
rium with  gravity.   Oversteepened  (>60  percent) 
slopes  must  reestablish  their  equilibrium.   Ero- 
sion, ultimately,  is  the  only  way  that  this  equl 
librium  can  be  maintained.   Although  erosion 
cannot  be  prevented,  it  must  be  managed  to  protec] 
lives  and  property.   These  fungi  cannot  prevent 
erosion,  but  their  ability  to  reduce  the  effec- 
tiveness of  raindrop  impact  suggests  that  they  a 
make  a  useful  contribution  to  our  erosion  and 
sediment  management  efforts.   They  should  be 
inexpensive  to  produce  and  easy  to  apply,  and  thej| 
have,  at  present,  no  known  harmful  effects  on  th(i 
ecology  of  the  chaparral.  ! 
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Water  Yield  Changes  Resulting  From 
Treatment  of  Arizona  ChaparraP 

A.  R.  Hibbert,  E.  A.  Davis,  and  O.  D.  Knipe' 


The  chaparral  vegetation  type  occupies  about 
1.2  million  hectares  (3  million  acres)   in  central 
Arizona  {fig.  1) .   Average  annual  precipitation  is 
400  mm  to  750  mm  (16-30  inches) .   Chaparral  shrubs 
transpire  large  amounts  of  water,  leaving  an 
average  of  only  about  30  mm  (1.2  inches)  or  5 
percent  for  streamflow.   Transpiration  can  be 
reduced  and  streamflow  increased  by  removing  part 
or  all  of  the  shrubs  and  replacing  them  with 
shallow- rooted  grasses  and  forbs.   This  paper 
updates  the  water  yield  potential  portion  of  a 
detailed  "status  of  knowledge"  report  (Hibbert  and 
others  1974)  on  water  yield  improvement  in  Arizona 
chaparral. 

Seven  to  eight  years  of  additional  research 
findings  are  reported,  including  several  wet 
years,  which  are  important  in  the  interpretation 
of  hydrologic  relations  in  the  chaparral. 

The  chaparral  community  in  Arizona  consists  of 
a  variety  of  deep-rooted,  evergreen,  sclerophyl- 
lous  shrubs  (fig.  2)  usually  dominated  by  shrub 
live  oak  (Quercus  turbinella) ,  or  shrub  live  oak- 
mountainmahogany  (Cercocarpus  betuloides  or  C. 
breviflorus) ;   manzanita  (Arctostaphylos  pringlei 
or  A.  pungens)  may  dominate  locally  (Carmichael 
and  others  1978) .   The  type  occurs  mostly  at 
elevations  between  1,000  m  and  2,000  m  and  grows 
best  where  precipitation  exceeds  500  mm  (20 
inches) . 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean- type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

2 
Authors  are  Research  Hydrologist,  Plant 

Physiologist,  and  Range  Scientist,  respectively, 

USDA  Forest  Service,  Rocky  Mountain  Forest  and 

Range  Experiment  Station  located  at  the  Station's 

Research  Work  Unit  at  Tempe,  in  cooperation  with 

Arizona  State  University.   Headquarters  is  in  Fort 

Collins,  in  cooperation  with  Colorado  State 

University. 

3 
Estimates  of  chaparral  area  in  Arizona  vary 

widely.   The  most  recent  estimate  taken  from  a 

vegetation  type  map  by  Brown  and  Lowe  (1980) 

indicates  nearly  3  million  acres  of  chaparral  in 

Arizona. 
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Abstract:   Annual  streamflow  from  small  chaparra 
watersheds,  in  a  500-750  mm  rainfall  zone,  was 
increased  75-150  mm  and  changed  from  intermitten 
to  perennial  flow  by  converting  brush  to  grass   ' 
with  herbicides.   Increases  lasted  up  to  18  year 
with  maintenance.   At  drier  sites  (450  mm  rain- 
fall) increases  averaged  less  than  15  mm.   Burni ' 
increased  streamflow  for  3-4  years  while  brush 
regrew.   Both  storm  and  nonstorm  flows  increase 
About  85  percent  of  the  increase  occurs  in  5 
fall-winter  months  which  get  60  percent  of  the  ^ 
precipitation.   Yearly  increases  tend  to  be 
exponentially  related  to  precipitation. 


Figure  1 — Distribution  of  chaparral  in  Arizona  i,,,,,^ 
and  location  of  experimental  watersheds .        I;  . 


Figure  2 — Mixed  chaparral  dominated  by  shrub  li' 
oak. 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  R 
Exneriment  Station.  Forest  Service.  US    Deoartment  of  Agriculture;  1982. 


haparral  shrubs  are  typically  deep-rooted 
vis  and  Pase  1977)  and  usually  grow  on  deeply 
thered  or  fractured  regoliths.   Because  the 
libs  are  evergreen,  they  transpire  whenever 
Dspheric  and  soil  moisture  conditions  are 

xable.   The  climate  favors  high  evapotranspir- 
Dn  rates  from  early  spring  to  late  fall;  thus 
ner  rains,  which  account  for  about  one-third  of 

annual  precipitation,  seldom  contribute  to 
tiarge.   Consequently,  winter  rains  must  usually 
rcome  soil  moisture  deficits  before  much  water 
available  for  streamflow. 

rhe  key  to  increasing  water  yield  is  the  re- 
::ement  of  deep-rooted  shrubs  with  shallow- 
ted  grasses  and  forbs  that  consume  less  water, 
ely  because  less  water  is  available  to  the 
Llow- rooted  plants.   Also,  interception  of 
sipitation  by  grass  is  less  than  by  brush,  and 
sonal  dormancy  of  grass,  particularly  during 
dter,  results  in  less  water  withdrawal. 


Jfl?RSHEDS  AND  TREATMENTS 

The  main  objective  of  the  chaparral  watershed 
jtiies  was  to  determine  how  much  water  yield 
;QLd  be  improved  by  converting  brush  to  grass. 
;t3ies  were  conducted  in  areas  of  low,  medium, 
in  high  precipitation,  corresponding  roughly  with 
)E|i,  medium,  and  dense  chaparral.   Treatments 
5e'an  in  1954  with  eradication  of  the  sparse  shrub 
.•C2r  on  two  small  so-called  Natural  Drainage 
/airsheds  on  the  Sierra  Ancha  Experimental 
'C2st  near  Lake  Roosevelt  (fig.  1).   Other  treat- 
ises followed  on  Three  Bar,  Whitespar,  and  Mingus 
/aarsheds.   Investigations  of  increasing  complex- 
.t  are  now  underway  to  achieve  environmentally 
ic'aptable  designs  and  treatment  prescriptions. 


c   Precipitation  Areas 

rhe  Natural  Drainage  watersheds,  at  1,420  m 
:l/ation,  receive  485  mm  (19.1  inches)  mean 
Jual  precipitation.   Exposure  is  southeast  and 
pes  are  moderate  (15-25  percent) .   Total  shrub 
2r,  mostly  shrub  live  oak,  was  20  percent  to  25 
;ent  before  treatment.   The  basal  150  mm  (6 
les)  of  each  shrub  on  watersheds  A  (5.4  ha)  and 

9  ha)  was  hand  sprayed  in  1954-55  with  a  6.6 
|:;ent  solution  of  2,4-D   and  2,4,5-T  in  diesel 
until  the  bark  was  saturated,  and  shrubs  were 
grayed  as  necessary  to  eradicate  all  shrubs. 
\iicent  drainages  B  and  D  were  left  untreated  as 
('  :rols.   By  1959,  grass  production  on  the  lower 
;■  lions  of  the  treated  catchments  with  quartzite- 


% 


The  herbicides  discussed  in  this  report  have 
"1  used  experimentally;  their  use  does  not  imply 
they  are  recommended  or  registered  for  water- 
i  use.   The  use  of  any  herbicide  for  project  or 
nercial  purposes  must  conform  with  regulations 
:he  Environmental  Protection  Agency  and  be 
ejlstered  for  the  intended  use. 


derived  fine-textured  soils  was  over  twice  as  much 
(420  kg/ha)  as  without  treatment  (191  kg/ha) . 
Grass  production  did  not  change  significantly  on 
the  upslope  portions  with  diabase-derived  coarse- 
textured  soils.   Forbs  and  half  shrubs  increased 
on  all  treated  sites,  with  the  greatest  gain  on 
the  diabase  soils.   No  seeding  was  attempted,  and 
the  watersheds  were  not  grazed.   Precipitation 
averaged  452  mm  (17.8  inches)  in  the  17-year 
treatment  period. 

Mingus  watersheds  A  and  B  get  about  the  same 
precipitation  (480  mm)  as  the  Natural  Drainages, 
but  are  at  a  higher  elevation  (1,800-2,100  m)  and 
have  greater  shrub  cover  (47  percent) .   Exposure 
is  westerly  and  slopes  are  steep  (45-55  percent) . 
Gravelly  loam  soils  38  cm  to  over  127  cm  deep  are 
derived  from  pre-cambrian  volcanic  and  sedimentary 
rocks.   Shrub  live  oak  and  mountainmahogany  domi- 
nate in  association  with  pinyon  pine  (Pinus 
edulis)  and  alligator  juniper  (Juniperus  deppeana) . 

Prescribed  burning  on  Mingus  A  (38.9  ha)  and 
chemical  brush  control  on  Mingus  B  (25.8  ha)  were 
compared  as  methods  for  improving  water  yield. 
Mingus  C  (17.3  ha)  served  as  the  untreated  control. 
To  minimize  any  treatment-induced  erosion,  partic- 
ularly from  burning,  the  upper  halves  of  the 
watersheds  were  burned  or  chemically  treated  in 
1974;  the  lower  halves  were  similarly  treated  in 
1975.   Chemical  treatment  consisted  of  50  percent 
active  ingredient  (ai)  karbutilate  "brush  balls" 
applied  by  helicopter  at  4.5  kg  ai/ha. 

Due  to  the  patchy  nature  of  the  brush  and 
scarcity  of  herbaceous  understory,  not  all  shrubs 
burned  on  Mingus  A.   Top  kill  of  shrubs  was  esti- 
mated at  65  percent  on  the  upper  half  and  75 
percent  on  the  lower  half.   The  top-killed  shrubs 
sprouted  quickly  from  their  root  crowns ,  and 
within  a  few  years  regained  much  of  their  prefire 
crown  cover  and  ability  to  use  water.   No  followup 
control  measures  were  applied  on  the  burned  water- 
shed.  Treatment  effects  on  Mingus  B  were  delayed 
because  of  low  rainfall  (56  percent  of  average  in 
1974  and  63  percent  in  1975)  and  slow  release  and 
movement  of  karbutilate  into  the  shrub  root  zone. 
Shrub  mortality  continues  after  6  years.   Overall 
brush  reduction  on  the  watershed  is  estimated  at 
50  percent. 


Medium  Precipitation  Areas 

Whitespar  watersheds  A  and  B  are  located  near 
Prescott,  Arizona,  between  1,770  m  and  2,135  m 
elevation.   Precipitation  averages  600  mm  (23.6 
inches)  per  year.   Exposure  is  southeast,  slopes 
are  steep  (25  percent  to  65  percent) ,  and  the 
granite  derived  fine  gravelly  loam  soils  are  48  cm 
to  over  100  cm  deep.   The  mature  chaparral  cover, 
dominated  by  shrub  live  oak  and  mountainmahogany , 
is  considered  medium  dense  at  51  percent  crown 
cover.   Patches  of  Gambel  oak  (Quercus  gambelii) 
dominate  locally  on  cool  northerly  slopes,  and 
alligator  juniper  trees  are  scattered  throughout. 
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Figure  3 — Whitespar  watershed  B  on  Prescott  Nat- 
ional Forest.   Channel-side  treatment  was  made  in 
1967,  the  upper  slope  treatment  in  1973. 


Chemical  control  of  channel-side  shrubs  was  the 
first  of  two  treatments  on  Whitespar  B  (100  ha) 
(fig.  3) .   Channel  bottoms  and  lower  slopes  were 
considered  the  most  favorable  sites  to  increase 
water  yield  because  of  greater  soil  moisture 
there,  and  therefore,  a  better  opportunity  to 
reduce  transpiration.   The  second  treatment, 
designed  to  simulate  fuel  break  conditions,  was  on 
drier,  more  exposed  ridge  lines. 

The  channel-side  treatment  consisted  of  hand 
placement  of  pelleted  fenuron  (25  percent  ai)  at 
26  kg  ai/ha  beneath  the  shrubs  within  23  m  either 
side  of  the  stream  channels  in  March  1967  on  15.4 
ha  (15  percent  of  the  watershed) .   The  treatment 
gave  80-90  percent  control  of  the  shrubs  and 
followup  treatment  has  not  been  necessary.   No 
grasses  were  seeded,  since  a  fair  population  of 
native  grasses  and  forbs  were  present;  these 
increased  adequately  to  protect  the  soil  after 
shrubs  were  controlled.   Cattle  graze  both  water- 
sheds . 

The  ridge  line  treatment  was  a  helicopter 
application  in  197  3  of  fenuron  pellets  (25  percent 
ai)  at  14.9  kg  ai/ha  on  a  strip  averaging  37  m 
wide  inside  the  watershed  boundary  and  a  strip  80 
m  wide  along  a  prominent  interior  ridge  (fig.  3)  . 
The  treated  strips  totalled  20  ha,  or  20  percent 
of  the  watershed.   Followup  hand  treatment  was 
necessary  in  1976  because  of  uneven  distribution 
of  the  chemical  and  poor  shrub  control  from  the 
aerial  application.   Overall  shrub  reduction  was 
about  85  percent  by  1980  (less  than  10  percent 
shrub  cover  remaining) . 


High  Precipitation  Areas 

The  Three  Bar  watersheds  (fig.  4)  are  character- 
istic of  high  precipitation,  high-density  chaparral. 


Elevation  is  1,000  m  to  1,600  m,  exposure  is 
northerly,  and  slopes  are  steep,  some  exceeding  i 
percent.   Soils  are  derived  from  coarse-grained, 
deeply  weathered  (6  m  to  12  m)  granite,  and  are 
capable  of  storing  500  mm  or  more  of  water  (Ingel 
1969) .   Mean  annual  precipitation  increases  with 
elevation  from  620  mm  on  watershed  B  to  750  mm  or 
watersheds  D  and  F.   Shrub  crown  cover  averaged 
60-7  5  percent  when  gaging  began  in  1956.   Dominaij 
are  shrub  live  oak  and  birchleaf  mountainmahogan 
with  sugar  sumac  (Rhus  ovata) ,  and  Emory  oak 
(Quercus  emoryi)  associated  throughout. 


Wildfire  burned  all  watersheds  in  June  1959. 
Lovegrasses  (Eragrostis  curvula,  E^.  lehmanniana, 
E.  chloromelas) ,  and  yellow  sweetclover  (Melilot 


officinalis)  were  seeded  after  the  wildfire. 
Sprouting  shrubs  regained  about  one-third  of  the 
pref ire  crown  cover  in  3  years ,  and  by  the  mid- 
1970  's,  after  11  years,  recovery  was  90  percent. 
Little  herbaceous  cover  is  present  where  shrubs 
were  allowed  to  recover. 

Watershed  D  (32.6  ha)  was  allowed  to  recover 
naturally  after  the  fire  to  serve  as  the  control 
treatments  to  control  regrowth  were  started  in 
1960  on  watershed  C  (38.6  ha),  in  1965  on  water-J 
shed  B  (18.8  ha),  and  in  1969  on  watershed  F  (27 
ha)  .  I 


Four  annual  spring  applications  of  2,4,5-T  (IJ 

kg  ai/ha  by  helicopter)  on  watershed  C  beginning 

the  year  after  the  fire  suppressed  regrowth  but  ! 

killed  only  about  half  of  the  shrubs.   Hand  trecii 

ment  of  surviving  shrubs  with  fenuron  pellets  a^ 

variable  rates  in  1964  and  again  in  1968  killed  f 

j 
most  of  the  remaining  shrubs  and  reduced  shrub  , 

cover  to  8  percent.   Three  control  burns  (Pase  A 

Knipe  1977)  in  1971,  1974,  and  1978,  using  gras; 


Figure  4 — Three  Bar  experimental  watersheds 
Roosevelt  Lake  on  Tonto  National  Forest. 
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'>   carry  fire,  kept  shrub  cover  to  less  than  10 
;rcent.   Seeded  lovegrasses  and  native  grasses 
id  forbs  increased;  their  annual  combined  pro- 
liction  averaged  1,345  kg/ha.   Livestock  have  been 
eluded  from  the  entire  Three  Bar  area  since 
147. 


Watershed  B  was  treated  in  two  phases.   Shrubs 
northeast-facing  slopes  comprising  40  percent 
the  watershed  were  hand  treated  with  either 
lleted  fenuron  (20.5  kg  ai/ha)  or  picloram  (10.4 
ai/ha)  in  1965,  6  years  after  the  wildfire, 
llowup  treatments  on  surviving  shrubs  in  1968 
d  1978  kept  shrub  cover  at  about  8  percent.   In 
ase  2,  the  remaining  60  percent  of  watershed  B 
s  hand  treated  in  1972  with  50  percent  active 
rbutilate  tablets  at  7.5  kg  ai/ha.   The  treat- 
int  was  successful  despite  no  rain  for  4  months 
ter  treatment;  no  followup  treatment  was  re- 
ared, since  less  than  10  percent  shrub  cover 
mained.   Lovegrasses  from  the  original  postfire 
eding  and  native  grasses  and  forbs  gradually 
creased  on  the  treated  areas,  which  provided 
equate  ground  cover  as  the  shrubs  were  controlled. 


Watershed  F  was  treated  in  1969  with  an  aerial 
broadcast  application  of  granular  karbutilate  at 
22.4  kg  ai/ha.   Shrub  crown  cover  was  reduced  from 
55  percent  to  4  percent  the  first  year,  and  shrub 
kill  increased  to  more  than  95  percent  (less  than 
3  percent  shrub  cover)  after  2  years.   Virtually 
all  grasses  and  herbaceous  plants  were  killed.   In 
the  second  year  after  treatment  a  variety  of  forbs 
and  grasses  invaded  the  moist  banks  of  the  channel. 
In  the  third  growing  season  forbs  and  grasses 
appeared  on  interior  ridges,  and  by  the  fourth 
season  a  fair  cover  was  present  over  all  but  the 
steep  upper  slopes,  which  were  actively  eroding. 
These  steep  slopes  did  not  reach  pretreatment 
stability  for  about  10  years. 


RESULTS  AND  DISCUSSION 

Changes  in  water  yield  are  determined  by  the 
paired  watershed  method,  in  which  annual  water 
yields  from  the  treatment  watershed  are  regressed 
on  those  from  the  control  watershed  for  the  pre- 
treatment and  posttreatment  periods.   Any  signifi- 


'able  1 — Water  yield  response  to  treatment  of  chaparral. 


1 
Watershed 

Size 

Portion 
treated 

Shrub  crown  cover 

Treat, 
period 

No.  of 
years 

Precip. 

Expected 
yield 

Y 
in 

Before 
treatment 

2 
After 

treatment 

Leld 
:;rease 

1 

ha. 

-  -  mm  -  - 

_  _ 

-  -  pet.  - 
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Drainage 

-S 

5 

A 

5.4 

100 

20-25 

0 

55-71 

17 

485 

34 

5 

+   4^ 

C 

4.9 

100 

20-25 

0 

55-71 

17 

485 

43 

13 

+   5 

ingus 

A 

38,9 

100 

47 

14 

76-80 

5 

480 

2 

10 

+   5 

B 

26.7 

100 

47 

24 

76-80 

5 

480 

7 

5 

+   5 

-  "litespar 

^^  B  Phase 

1 

99.8 

15 

51 

<10 

68-73 

6 

587 

40 

16 

+   5 

'  B  Phase 

2 

99.8 

35 

51 

<10 

74-80 

7 

589 

47 

13 

+   7 

iree  Bar 

C 

38.6 

100 

73 

<10 

62-79 

18 

673 

82 

148 

+  84 

B  Phase 

1 

18.8 

40 

51 

<10 

66-72 

7 

564 

9 

30 

+   9 

B  Phase 

2 

18.8 

100 

52 

<10 

73-79 

7 

671 

18 

87 

+  54 

F 

27.7 

100 

55 

<10 

70-79 

10 

777 

53 

79 

+  34 

L 

■Prefire  cover  on  Three  Bar  C  and  after  6,  13,  and  10  years  of  postfire  regrowth,  respectively,  on 
iree  Bar  B-1,  B-2,  and  F. 

2 

Shrub  cover  remaining  after  two  or  more  years  from  first  chemical  application  (see  treatment 

scriptions) .   On  Mingus  A,  unburned  shrub  cover  was  14  pet.  the  first  year,  and  resprouting  shrubs 
icreased  the  total  cover  each  year  thereafter. 


ri«  ^ 


Mean  precipitation  for  pretreatment  and  posttreatment  periods  combined. 
Expected  yield  is  the  amount  that  would  be  expected  to  occur  without  treatment. 


95  pet.  confidence  limits  except  Natural  Drainage  A  and  Mingus  B,  which  are  90  pet. 
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cant  change  in  the  water  yield  relationship  be- 
tween watersheds  after  treatment  is  determined  by 
covariance  analysis  and  is  interpreted  as  treat- 
ment effect.   Acceptance  or  rejection  of  these 
changes  is  commonly  made  at  the  95  percent  confi- 
dence level. 


Natural  Drainages  and  Mingus  Watersheds 
(Low  Precipitation) 

Increases  in  streamflow  were  significant  at  the 
90  percent  level  on  Natural  Drainage  A  and  Mingus 
B,  and  at  the  95  percent  level  on  all  other 
treated  watersheds  (table  1) .   Average  streamflow 
increases  on  Natural  Drainages  A  and  C  for  the  17- 
year  posttreatment  period  were  5  mm  (0.2  inch)  and 
13  mm  (0.5  inch)  per  year,  respectively  (Ingebo 
and  Hibbert  1974) .   Response  varied  from  no  in- 
crease in  dry  years  to  26  mm  (1  inch)  increase  in 
wet  years  (in  fig.  5  Natural  Drainages  A  and  C  are 
combined) . 

Average  annual  streamflow  from  Mingus  A  in- 
creased 10  mm  (0.4  inch)  for  the  5-year  period 
following  the  prescribed  burns.   Though  small,  the 
increase  was  nearly  five  times  larger  than  the 
expected  yield  based  on  the  mean  yield  of  the 
control  watershed  for  pretreatment  and  posttreat- 
ment periods  combined  (table  1)  ,   Precipitation 
was  22  percent  above  average  for  the  5  posttreat- 
ment years,  due  mainly  to  the  fourth  and  fifth 
years  being  much  above  normal.   A.t  least  part  of 
the  streamflow  increase,  particularly  in  the 
second  treatment  year,  was  attributed  to  an  in- 
crease in  overland  flows  from  intense  rains,  due 
to  reductions  in  infiltration  and  interception  of 
rain  caused  by  burning.   We  anticipate  little  if 
any  increases  in  future  years  without  retreatment. 

The  average  increase  on  chemically  treated 
Mingus  B  was  5  mm  (0.2  inch)  per  year,  most  of 
which  came  in  1980,  the  fifth  treatment  year  (fig. 
5) .   Precipitation  in  1980   was  768  mm,  the  most 
since  gaging  began  in  1959,  and  64  percent  more 
than  the  22-year  mean.   The  lack  of  water  yield 
increase  from  Mingus  B  during  the  first  4  post- 
treatment  years  is  attributed  to  low  rainfall  and 
the  slow  breakdown  of  the  brush  balls.   If  brush 
injury  and  mortality  continue  to  increase,  it  is 
anticipated  that  a  water  yield  increase  will  be 
sustained,  at  least  during  wet  years. 


Whitespar  Watersheds  (Medium  Precipitation) 

Conversion  of  channel-side  brush  on  Whitespar  B 
increased  annual  yield  an  average  16  mm  (0.5  inch) 
(table  1) .   If  prorated  to  the  area  actually 
treated  (15  percent  of  the  watershed)  the  increase 
is  108  mm  (4.2  inches).   The  second  phase  treat- 
ment along  the  ridgeline  produced  no  increase  in 


Twelve  months  ending  June  30,  1980.   A  July- 
June  water  year  is  used  for  all  precipitation  and 
streamflow  data  in  this  paper. 


streamflow.   Apparently,  any  water  saved  by  shru],' 
control  on  the  upper  slopes  was  lost  to  the  intej 
vening  downslope  vegetation  as  it  moved  through 
the  regolith  toward  the  channel. 

The  channel-side  conversion  created  continuoui 
flow  for  5  years  in  the  main  channel,  which  had 
dried  each  year  before  treatment  for  as  long  as 
or  9  months  (Ingebo  1971)  .   No  followup  treatmen 
were  made  on  the  few  surviving  shrubs  after  the 
original  channel-side  treatment. 


Three  Bar  Watersheds  (High  Precipitation) 

Streamflow  increased  substantially  after  brus 
conversion  on  all  Three  Bar  watersheds.   Increas 
were  largest  on  watershed  C,  which  averaged  148 
(5.8  inches)  per  year  more  than  expected  without 
treatment  for  the  18-year  posttreatment  period 
(table  1) .   The  conversion  on  watershed  F  in- 
creased streamflow  by  79  mm  (3.1  inches)  per  yea 
for  10  years.   Partial  treatment  (40  percent)  on 
watershed  B  increased  streamflow  by  30  mm  (1.2 
inches)  (75  mm  if  prorated  to  the  area  actually 
treated)  for  7  years  in  phase  1,  and  full  treat- 
ment increased  flows  by  87  mm  (3.4  inches)  in 
phase  2,  also  7  years. 

It  should  not  be  concluded  from  the  results  c 
Three  Bar  B  that  conversion  of  the  entire  water' 
shed  necessarily  made  it  more  water  productive  ^ 
unit  area  treated  than  conversion  of  40  percent 
phase  1.   We  anticipated  that  conversion  of  the 
entire  watershed  might  increase  yield  less  per 
unit  area  than  conversion  of  the  moist  site  areci 
in  phase  1.   However,  precipitation  was  greater 
the  second  phase,  which  created  a  higher  yield  \i 
potential  as  reflected  by  the  expected  yield  in  ' 
phase  2  being  twice  that  of  phase  1  (table  1) .   ► 
Had  precipitation  been  similar  in  both  periods, 
is  possible  that  the  increase  per  unit  area  trei 
would  have  been  less  in  phase  2  than  in  phase  1 


Three  Bar  C  yielded  less  than  control  waters' 
D  for  each  of  the  3  prefire  years  (table  2) . 
However,  by  the  third  year  after  the  fire,  with 
shrub  sprouts  being  suppressed  on  C,  there  was 
shift  in  the  relationship  between  the  two  water 
sheds  (Pase  and  Ingebo  1965) .   Watershed  C  pro- 
duced twice  as  much  as  D  (163  mm  to  79  mm)  in  t 
third  year  when  rainfall  was  near  average ,  and 
times  as  much  in  the  fourth  year  with  rainfall 
percent  of  average.   Streamflow  on  the  control 
also  increased  relative  to  prefire  conditions  f 
several  years  after  the  wildfire,  although  in' 
creases  in  the  third  and  later  years  were  smallj! 
(Hibbert  1971) .   The  C/D  water  yield  ratio  for  { 
18-year  treatment  period,  which  included  several 
very  wet  years,  was  2.8;  for  the  12  intermediat 
years  the  C/D  ratio  was  3.5  (table  2).         j 

A  larger  percent  of  precipitation  was  yielde 
in  wet  years  than  in  dry  years  for  both  treated} 
and  control  watersheds  (streamflow  increases 
exponentially  with  precipitation) .   The  3  wette 
years,  for  example,  produced  43  percent  and  53 
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Figure  5 — Yearly  increases 
(difference  between 
measured  and  predicted 
yield)  plotted  against 
yearly  precipitation  for 
posttreatment  years. 
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Table  2 — Comparison  of  annual  precipitation  and 
water  yields  on  Three  Bar  watersheds  C  and  D. 


Pref ire 
3  years 


Post  treat. 
18  years 


Wettest 

single 

year 


Wettest 
3  years 


Inter- 
mediate 
12  years 


Driest 
3  years 


Driesi 

singli 

year 


Watershed  C  (treated) 


1 


Mean  precip.  (mm) 
Pet.  of  24-yr.  mean 
Mean  yield  (mm) 
Pet.  of  18-yr.  mean 
Yield  as  pet.  of  precip. 


554 

693 

1 

,240 

1,168 

645 

414 

371 

81 

102 

182 

172 

95 

61 

54 

19 

251 

797 

643 

198 

69 

40 

— 

100 

18 

43 

53 

5 

0.3 

3.4 

36 

64 

55 

31 

16 

11 

Watershed  D 

(centre 

1) 

Mean  precip.  (mm) 
Pet.  of  24-yr.  mean 
Mean  yield  (mm) 
Pet.  of  18-yr.  mean 
Yield  as  pet.  of  precip. 
C/D  yield  ratio 


620 
82 
24 

3.8 
0.8 


765 
102 

89 
100 

12 
2.8 


1,334 

177 

364 

23 

27 

2.2 


1,283 

171 

284 

53 

22 

2.3 


711 

95 

56 

42 

7.9 

3.5 


465 
62 

26 

5 
5.7 
2.6 


411 
55 
10 
0.6 
2.4 
4.0 


Total  period  of  gaging  at  Three  Bar  (1957-1980) . 

2 
First  2  postfire  years  were  deleted  from  treatment  period  because  of  poor  stormflow  record 

fire-induced  yield  increases  on  the  control  were  still  high  enough  to  partially  obscure  the  ef 

sprout  control  on  watershed  C.   Streamflow  not  available  for  1980. 


s  and  becg 
feet  of 


percent  of  the  total  18-year  yields  from  the 
treated  and  control  watersheds,  respectively. 
This  clearly  indicates  the  importance  of  wet 
periods  in  determining  and  evaluating  long  term 
water  yield  averages. 

The  tendency  for  water  yield  to  increase 
exponentially  with  precipitation  both  before  and 
after  treatment  was  apparent  on  most  of  the  water- 
sheds (fig.  5) .   However,  neither  Three  Bar  B  nor 
F  responded  to  conversion  as  strongly  as  did  C. 
Streamflow  increased  nearly  twice  as  much  on  C  as 
on  F,  even  though  F  gets  more  rain.   Yearly  in- 
creases on  F  were  about  the  same  as  those  on  C  in 
low  to  intermediate  rainfall  years,  but  were  less 
in  wet  years  (fig.  5) . 

Minor  differences  in  treatment  methods  and 
cover  reduction  do  not  account  for  the  large 
differences  in  response  to  conversion.   There  is 
the  possibility  of  leakage  into  or  out  of  one  or 
more  of  the  watersheds;  watershed  F  yielded  only 
55  percent  as  much  as  control  watershed  D  before 
treatment,  and  a  fault  extends  across  watershed  F 
just  above  the  stream  gage  and  continues  across 
the  lower  part  of  D  and  into  C  where  it  disappears. 
We  have  speculated  on  the  possibility  of  water 
moving  from  F  or  D  or  both  into  C,  which  would 
help  account  for  the  yield  differences  between  C 
and  F.   However,  neither  watershed  C  nor  D  showed 
any  consistent  shift  in  yield,  based  on  precipi- 
tation, when  F  was  treated,  nor  was  there  any 
indication  before  the  wildfire  that  external  water 
was  entering  watershed  C,  since  it  yielded  less 
than  D  (F  was  not  gaged  until  1962) . 


Sharp  increases  in  overland  flow  were  observe[ 
after  the  wildfire  on  all  the  Three  Bar  catch- 
ments.  In  the  summer  before  the  fire,  an  intens 
rain  (42  mm  in  45  minutes)  caused  no  streamflow b 
any  of  the  watersheds.   Six  weeks  after  the  wile 
fire,  however,  a  very  similar  storm,  (44  mm  in  l 
minutes)  ,  literally  buried  the  stream  gages  undej 
sediment  and  debris.   Accurate  measurement  of 
stormflows  from  this  and  some  of  the  later  stori 
was  not  possible.   However,  it  was  obvious  that 
rains  of  even  moderate  intensities  were  not 
soaking  into  the  soil  as  before,  and  that  overl, 
flow  and  surface  erosion  were  increased.   Despi' 
the  spectacular  flashiness  of  the  summer  storm- 
flows  ,  they  contributed  less  than  20  percent  of 
the  early  postfire  streamflow.   After  the  first 
summer,  which  was  unusually  wet,  overland  flows 
subsided  gradually,  and  by  1964,  peak  flows  and 
stormflows  showed  little  sign  of  overland  flow. 


Streamflow  on  all  the  treated  Three  Bar  wate 
sheds  became  perennial  at  their  outlets  even 
though  upstream  channels  were  frequently  dry 
This  was  true  even  on  watershed  B  after  treatme 
of  only  40  percent  of  the  area.   Flow  was  absen 
on  B  during  the  3  pref ire  years,  became  inter- 
mittent shortly  after  the  fire,  and  remained  so 
until  the  40  percent  treatment  in  1965. 

Some  of  the  watersheds  responded  more  quickl 
to  treatment  than  others.  Increases  in  streamfl 
usually  were  detected  within  the  first  treatmen] 
year,  sometimes  within  a  few  months  of  herbicid 
application.  Streamflow  responded  on  watershed! 
within  a  few  weeks  of  first  observed  injury  syit:5! 
on  the  shrubs  (Hibbert  and  others  1974) . 
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Approximately  80  percent  of  total  streamflow 
■om  control  watershed  D  at  Three  Bar  is  from  non 
:orm  or  delayed  flow.   Treatment  increases  both 
:orm  and  delayed  flows,  although  it  is  uncertain 
lich  increases  the  most.   We  do  know  that  about 

percent  of  the  increases  are  produced  in  the 
,)rmant  season  (November-April)  ,  which  benefits 
le  delivery  of  the  extra  water  for  downstream 
;es .   Since  many  of  the  streams  draining  chapar- 
.1  areas  are  dry  during  summer  because  of  low 
iflows  and  heavy  evapotranspiration  losses  along 
.6  watercourses,  it  follows  that  any  small  amount 

water  increases  added  in  the  slimmer  might  also 

evaporated.   However,  since  the  increases  are 
nerated  primarily  in  winter  when  streams  are 
owing  already,  further  losses  in  transit  to 
wnstream  storage  should  be  small. 


NAGEMENT  IMPLICATIONS 

The  experiments  described  in  this  paper  were 
signed  to  get  basic  information  on  water  yield 
lations  in  the  chaparral,  and  on  ways  to  in- 
ease  streamflow.   Some  of  the  treatments  would 

unrealistic  for  management  purposes,  and  are 
t  recommended  for  large-scale  application.   To 
ximize  water  yield,  shrubs  should  be  eradicated 

completely  as  practicable  on  the  area  actually 
eated,  and  the  treated  areas  should  be  adjacent 

or  as  close  as  possible  to  drainage  ways  to 
old  loss  of  water  savings  to  downslope  vegeta- 


The  concept  of  creating  brush-grass  mosaics  is 
ing  researched  to  integrate  management  objec- 
ts and  optimize  multi-resource  outputs.   Steep 
apes  and  unstable  soils  must  be  avoided  or  given 
icial  attention  to  avoid  excessive  erosion. 
.ewise,  domestic  livestock,  wildlife,  and 
thetic  interests  must  be  recognized  and  dealt 
th  in  designing  treatments.   Because  of  these 
nstraints,  water  yield  increases  from  future 
rge-scale  projects  are  likely  to  be  less  than 
Dse  obtained  from  the  experimental  watersheds . 
rthermore,  since  a  disproportionate  amount  of 

increased  yield  is  produced  in  wet  years,  the 
tra  water  may  be  lost  to  the  extent  that  down- 
earn  storage  capacity  is  exceeded  and  water  is 
Llled. 

The  extent  to  which  these  findings  can  be 
ixapolated  to  other  areas  is  uncertain.   The 
ill  increases  obtained  on  Natural  Drainages  and 
igus  watersheds  were  not  unexpected  because  of 
i   precipitation  and  relatively  sparse  shrub 
'er,  which  uses  relatively  less  water,  and 
xefore  offers  less  potential  for  reducing 
.potranspiration  by  conversion  to  grass .   Based 
these  results,  chaparral  areas  that  receive 
5S  than  500  mm  (20  inches)  mean  annual  precipi- 
ion  should  be  considered  marginal  for  water 
ild  improvement  purposes .   The  potential  appears 


good,  however,  for  areas  such  as  Three  Bar,  where 
average  precipitation  is  greater  than  500  mm, 
shrub  cover  is  dense,  and  soils  (regolith)  are 
deep  and  permeable.   But  because  of  the  large 
differences  in  treatment  response  at  Three  Bar, 
only  partly  explained  by  precipitation,  extrapola- 
tion of  these  results  to  other  areas  involves  some 
risk.   Until  reasons  for  the  differences  are 
better  known,  and  can  be  quantified,  large  errors 
(+  2/3  of  mean)  (Hibbert  and  others  1974)  must  be 
expected  in  predicting  response  to  treatment. 
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Influence  of  Prescribed  Burning  on  Nutrient 
Budgets  of  Mountain  Fynbos  Catchments  in 
the  S.  W.  Cape,  Rep.  of  South  Africa^ 

D.  B.  Van  Wyk" 
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systems.   An  International  Symposium, 
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Hydrologist, Department  of  Water 
Affairs,  Forestry  and  Environmental  Con= 
servation,  Jonkershoek  Forestry  Research 
Station,  Private  Bag  XSOll,  Ste 1 lenbosch , 
7600.   Republic  of  South  Africa. 


Abstract:   The  nutrient  budgets  of  the 
Western  Cape  Mountain  fynbos  areas  of  th? 
Republic  of  South  Africa  have  been  the 
subject  of  investigations  since  1971. 
The  average  nutrient  input  (120  kg/ha/yr 
exceeds  the  output  (96  kg/ha/yr)  by  29 
percent.   Because  in  this  case  the  main 
source  of  nutrients  in  precipitation  is 
sea,  heavy  loads  of  Tla  and  CI  are  deposi 
into  the  fynbos  areas.   The  other  con= 
stituents  of  precipitation  are  K,  Ca,  Mg 
CI.   Traces  of  HCO3  and  SO4  were  found, 
while  no  traces  of  N  and  P  were  detected 
The  constituents  in  streamflow  were  pres|f 
in  the  same  ratio  as  in  precipitation. 
The  influence  of  prescribed  burning  in 
different  seasons  on  stream  water  qualit 
was  also  investigated.   Results  indicate 
that  nutrient  release  as  a  result  of  pre 
scribed  burning  does  not  persist  beyond 
the  first  winter  after  burning.   The  mon 
in  which  burning  takes  place  has  an  in= 
fluence  in  this  respect.   It  was  found 
that  the  net   release  of  nutrients  takes 
place  during  the  first  two  floods  after  ' 
the  burn.   There  is  no  marked  increase  i 
sediment  loads  of  the  streams  after     I 
burning . 


Results  show  that  in  these  systems  bil 
nutrient  input  appears  to  exceed  output. 
Furthermore  it  is  clear  that  veld  manage; 
ment  can  have  a  marked  effect  on  stream, 
water  quality  as  well  as  on  the  intrica 
balance  that  exists  between  precipitatic 
deposition  and  internal  mineral  cycles 
within  the  catchment. 
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'ble 

1--The  research  areas  and  management 

act 
ea 

ices  applied 

Name 

Geology 

Mean 

Mean 

Manage  = 

Rotation 

Season 

annual 

annual 

ment 

precipi t= 

runoff 

a  tion 

(mm  ) 

(  mm) 

(years ) 

A 

Zachariashoek 

Quartzites  and 
shales  of  Table 

1  238 

581 

Burning 

6  &  12 

Early 
Summe  r 

Mountain  Group 

\b 

Jonkershoek 

Quartzites  of 
Table  Mountain 
Group  and 

1  618 

723 

Burni  ng 

Variable 
A  -  13 

Variable 
Winter 

1 

Cape  Granite 

f 

Jakkalsri  vie  r 

Quartzites  and 
shales  of  Table 
Mountain  Group 

961 

367 

Burning 

5  &  10 

Spring 
Autumn 

18°  30' 


19°  00 


•^e  l--Location  of  the  study  area, 
iachariashoek ,  B  Jonkershoek,  and 
Jakkalsrivier .  (See  Table  1). 

iCMATE  AND  HYDROLOGY 

The  climate  of  all  the  research  areas 

mediterranean.   The  summer  seasons  are 
r,    and  the  average  temperature  of  the 
■"mest  months  varies  between  18°C  and 

C.   Summer  temperatures  above  38°C  are 
:asionally  recorded.   Cool  to  mild  con= 

■  ions  prevail  during  winter. 

The  prevailing  winds  are  north-westerly 


in  the  winter  and  south-easterly  in  the 
summer . 

Over  90  percent  of  the  annual  rainfall 
occurs  during  the  winter.   The  average 
rainfall  in  these  areas  ranges  from 
1  000  mm  to  2  200  mm  per  year.   The  streams 
in  all  these  catchments  are  perennial. 
Streamflow  amounts  to  AO  to  60  percent  of 
rainfall.   See  Table  1  for  the  mean  annual 
precipitation  and  runoff. 


VEGETATION 

The  natural  vegetation  of  the  research 
areas  is  discussed  by  Van  Wilgen  and  Kruger 
(1981),  Kruger  (197A)  and  Wicht  e_t  al  . 
(1969).   Most  of  the  area  is  covered  with 
xerophytic,  sclerophyllous  scrub  of  a  type 
characteristic  of  the  mediterranean  climate 
and  which  has  ecological  affinities  with 
vegetation  of  other  Mediterranean  eco= 
systems.   In  the  Republic  of  South  Africa 
it  is  known  as  Fynbos. 


EXPERIMENTAL  METHODS 

The  experimental  methods  applied  were 
adapted  from  the  studies  of  Likens, 
Bormann,  Johnson,  Fisher  and  Pierce 
(1969  )  . 

Meteorological,  rainfall  and  streamflow 
data  are  collected  at  all  of  the  research 
areas  on  a  routine  basis  (Wicht  1967). 
Manual  water  sampling  of  streams  was 
carried  out  weekly  from  1971  and  pre= 
cipitation  samples  were  collected  over 
the  same  period  by  means  of  a  sterile 
apparatus  that  opens  only  when  it  rains 
(Van  der  Zel  197A).   Dry  input  of  the 
area  was  measured  over  a  short  period. 
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Table  2--The  minimum  detection  levels 

and  the  nutrient  concentrations  in 

precipitation  and  streamwater  of 

A  Zachariashoek ,  B  Jonkershoek  and 

C  Jakkalsri vier  experimental  catchments 


Ion 


Concentrations  mg/, 


Precipi  ta tion 
Area 


A 


S treamf low 
Area 


A 


Minimum 
de  tec tio 
le ve 1  , 
mg/i 


Na 

K 

Ca 

Mg 

CI 

SOz, 
HCO^ 

P°4 

No!:-N 
N02-N 

2  ,067 
0,220 
0,436 
0,359 
4  ,519 

<  5  ,0 

<  5,0 

<  0,1 

<  1  ,0 

<  0,5 


2  ,722 
0,725 
0,422 
0,268 
5  ,000 

<  5,0 

<  5  ,0 

<  0,  1 

<  1  ,  0 

<  0,5 


4  ,412 
0,163 
0,495 
0,733 
9,011 

<  5,0 

<  5,0 

<  0,1 

<  1,0 

<  0,5 


4,02 
0  ,398 
0  ,430 
0,537 
6,377 
<5,0 

<  5,0 

<  0,  1 

<  1,  0 

<  0,5 


9 

375 

0 

,513 

0 

800 

1 

850 

18 

375 

6 

,25 

<  5 

0 

<  0 

,1 

<  1 

0 

<  0 

5 

0,1 
0,1 
0  ,1 
0,1 
5,0 
5,0 
5,0 
0,1 
1,0 
0,5 


These  measurements  were  obtained  during 
weeks  with  no  rain. 

Apparatus  for  the  sampling  of  floods 
was  also  developed  at  the  Jonkershoek 
Forest  Research  Station.   This  sampler 
functions  in  stages  on  the  rising  and 
falling  limbs  of  floods.   The  apparatus 
was  used  to  sample  the  first  floods  after 
an  experimental  burn.   Before  the  develop= 
ment  of  the  sampler  first  floods  after 
prescribed  burns  were  sampled  manually 
during  the  rising  and  the  falling  stages. 

Conductance  and  pH  of  the  samples  is 
measured  weekly,  whilst  a  full  chemical 
analysis  of  the  water  is  done  monthly  by 
the  C.S.I.R.  (Council  for  Scientific 
Industrial  Research).   Samples  are  analysed 
for  Na,  K,  Ca  ,  Mg,  01,  SO/,,  IICO3  ,  N  and  P. 
The  precision  of  the  analyses  is  indicated 
in  Table  2. 

A  factor  (0,54)  to  convert  conductan 
to  total  dissolved  solids  was  calculate 
based  on  eight  years'  data  for  the  West 


ce 
d 


Cape  mountain  streams 


The  samples  are  vacuum  filtered  and 
sediment  loads  are  determined. 


PRECIPITATION  CHEMISTRY 

This  was  the  first  attempt  at  investig: 
ating  precipitation  chemistry  in  this 
region.   The  addition  of  nutrients  by  way 
of  precipitation  can  certainly  be  of  sig- 
nificance in  areas  of  low  natural  ferr 
tility  such  as  the  fynbos  mountain 
ca tchme  nts  . 
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The  ma 
catchment 
( De  thier , 
research 
Indus  tria 
these  two 
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The  ma 
precipi  ta 
HCO3  and 
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for  input 
Tables  2 


in  input  of  nut 
is  through  wet 
1979).   The  lo 

areas  in  relati 

1  areas  makes  i 
sources  are  si 

input  in  these 

jor  chemical  co 
tion  are  K ,  Na , 
SOa  were  undete 
while  no  traces 
during  the  stud 
s  and  outputs  a 
a  nd  3  . 


rients  into  any 

or  dry  deposit! 
cation  of  the 
on  to  the  sea  an 
t  probable  that 
gnificant  for 
fynbos  areas . 

ns  ti  tue  nts  of 
Ca ,  Mg  and  CI , 

ctable  in  most 
of  P  or  N  could 

y  period.   Data 

re  summarised  ir 


Bulk  annual  input  of  nutrients  into 
Zachariashoek  research  area  through  pre; 
cipitation  varies  from  65  kg/ha  to 
196  kg/ha;   the  eight-year  average  is 
120  kg/ha/year  (Table  4).  Ion  concentrat 
of   precipitation  range  from  2  mg/l    to 
60  mg/^,  and  the  relationship  between  ra 
storm  depth  and  ion  concentration  was 
negatively  curvilinear,  namely 

Sampler  RK  :   Y  =  20,4875  -  3,0153  InX 
Sampler  RZ:    Y  =  23,9000  -  3,8700  InX 

RK  and  RZ  are  precipitation  samplers 
the  Zachariashoek  research  area,  Y  is  i< 
concentration  of  precipitation  (mg/£)  wl 
X  is  the  rainstorm  depth  (mm)  that  was 
sampled.   In  both  cases  r'  was  0,24. 

Precipitation  dividers,  developed  at 
Jonkershoek  Forest  Research  Station,  wei 
installed  and  samples  of  precipitation  c 
progressive  stages  during  storms  were 
collected.   The  results  obtained  did  no 
show  a  trend  as  the  rainstorms  progress; 


ible  3--Average  ion  in-  and  output  in  the 
W.  Cape  mountain  catchments  by  precipit= 
;ion  and  stream  discharge  in  Kg/Ha/Yr. 


Average  ION  budge ts/Kg/Ha/Yr 


Input 


Output 


27  ,011 
2,335 
.  5,755 
5,238 
56,51A 
TR 
TR 
TR 
TR 


23,929 
0,753 
3,30A 
3,7A0 
A2  ,105 
TR 
TR 
TR 
TR 


1  some  cases  there  was  a  decrease  in  concen: 
ation,  in  other  cases  there  was  a  rise 
id  in  some  cases  the  concentrations  were 
riable.   Cole  and  Johnson  (1977)  found  in 
study  near  Washington  U.S.A.  that  there 
s  a  variable  increase  in  TDS  over  a  12  h 
instorm.   This  is  comparable  with  the 
suits  obtained  in  this  study. 


Dry  deposition  in  these  a 
id  depends  to  a  large  exten 
'  fall-out  from  industrial 
iling  winds,  traffic  and  c 

constitutes  10,4  kg/ha/yr 

the  bulk  input)  in  the  Za 
ea.  In  the  case  of  Jonker 
put  is  probably  more  and  i 
kkalsrivier  less  -  dependi 
ctors  mentioned  above.  Br 
Imour  (1980)  found  that  dr 

regarded  as  minimal  in  Qu 
stralia.   Low  levels  were 

the  U.S.A.,  but  depended 
evailing  humidity  (Cole  ^ 
77)  . 


reas  is  minimal 
t  on  presence 
areas  ,  pre  = 
ul ti va  tion . 

(8,4  percent 
chariashoek 
shoek  the  dry 
n  the  case  of 
ng  on  the 
asell  and 
y  inputs  can 
eensland  , 
also  found 
on  the 
Johnson 


Chemical  analysis  of  dry  deposition 
dicated  that  anthropogenic  and  continent 
1  aerosols  were  not  the  main  dry  input 
urces:   low  levels  of  Ca ,  Mg  and  SO^ 
re  found  . 

The  ranges  of  concentrations  of  the 
nstituents  of  precipitation  in  these 
eas  appear  in  Table  2.  These  values 
ow  that  the  ionic  concentrations  in  pre= 
pitation  are  lower  than  those  in  streams. 
e  concentrations  of  SO^  and  HCOt  are 
ry  low,  and  these  ions  cannot  be  regarded 

regular  constituents  of  precipitation 
put . 

Low  concentrations  of  nutrients  are 
und  during  winter  (2  mg/£)  and  high 
lues  during  summer  (60  mg/Z).       The  high 
mmer  concentrations  have  a  relatively 
nor  effect  on  the  total  input  of 
trients;   more  than  77  percent  of  the 


Table  4--The  total  average  yearly  nutrient 
budgets  (Kg/Ha/Yr)  of  a  mountain  fynbos 
catchment  at  Zachar iashoek  in  the  Western 
Cape  . 

Total  nutrient  budgets 


Kg/H< 

a/Yr 

Avera 
of  ou 

ge  percent 

Average  | 

Average 

tput  pro= 

Year 

Input    i 

Output 

vid 

ed 

by  input 

72 

73 

55 

133 

73 

98 

65 

151 

74 

114 

110 

104 

75 

121 

98 

123 

76 

173 

119 

145 

77 

174 

169 

103 

78 

90 

61 

147 

Avera 

£^^ 

120 

96 

129 

total  yearly  nutrient  input  is  deposited 
during  the  period  April  to  September 
(winter ) . 

The  average  pH  for  precipitation  in  this 
area  ranges  from  4,7  to  5,0.   This  is  higher 
than  that  of  polluted  rain  from  industrial 
d  ischarge . 


STREAMFLOW  CHEMISTRY 

Samples  were  taken  from  perennial  streams 
in  sixteen  fynbos  catchments  in  the  three 
experimental  areas.   This  sampling  clearly 
indicates  the  range  in  quality  of  the 
streams  in  this  region. 

The  concentration  of  solids  in  streams 
ranges  from  10  -  60  mg/^.   There  is  a  clear 
seasonal  variation.   During  winter  there  is 
a  drop  in  the  concentration  levels  due  to 
an  increase  in  discharge.   The  reverse  takes 
place  during  summer. 

The  main  outflow  of  nutrients  from  these 
catchments  comprises  Na  and  CI  (see  Table  3) 
with  lower  levels  of  K,  Ca  and  Mg.   No 
traces  of  P  and  N  were  found.   As  regards 
HCO3  and  SO,  the  results  were  not  constant 
for  the  different  research  areas.   Only 
traces  of  HC03were  observed  at  Zacharias= 
hoek  and  Jonkershoek  (  <5  mg//)  while 
levels  at  Jakkalsri vie r  were  constant  at 
6  rag//.   The  same  trend  was  observed  in 
the  case  of  SO^^  . 

The  budget  in  Table  4  shows  a  nett  gain 
of  nutrients  through  precipitation  to  the 
Zachariashoek  area  by  an  annual  average  of 
29  percent  (24,5  kg/ha/yr).   These  results 
show  that  the  areas  are  nutrient  poor  and 
that  the  loss  of  nutrients  from  the  catch= 
ment  is  partly  due  to  mineralisation  by 
ion   exchange  accellerated  by  heavy  loads 
of  ions  in  the  precipitation. 
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Table  5--First  spates  after  prescribed 
burning.   Average  ion  concentrations  in 
the  Zachariashoek  (early  summer  burn) 
and  Jakkalsri vier  (autumn  burn)  catchments. 


Concentrations  Mg/-S 

Early 

summer 

burn  ) 

Autumn 

burn 

Out 

put 

1  Input 

Outp 

Jt 

Precipi t = 

Spa 

te 

a  tion 

Spate 

Pro  = 

Pro  = 

tected 

1  Burned 

tected  1 

Burned 

Na 

h  ,645 

6,70 

2,155 

9,46 

18,48 

K 

0,115 

2,29 

0,255 

1,86 

7,135 

Ca 

0,375 

1,125 

0,330 

1,06 

3,85 

Mg 

0,655 

1,355 

0,380 

1,83 

5,73 

CI 

8,365 

15,20 

5,A25 

18,38 

35,58 

SO4 
HCO3 

5,000 

10,60 

2,500 

5,83 

27,57 

1,225 

3,690 

1  ,  000 

2,958 

6,687 

The  pH  levels  of  the  streams  vary  from 
3,2  to  6,5,  this  variation  correlates  partly 
with  substrate,  the  highest  pH  in  the 
granites  at  Jonkershoek  and  the  lowest 
value  for  the  "black  waters"  of  Jakkals= 
ri vie  r . 


BURNING  AND  STREAM  CHEMISTRY 


mental  burns  were  applied  to 
atchments  in  September  (spring) 
1979,  November  (summer)  1971  and 
March  (autumn)  1975  and  1980. 
oncentration  values  obtained 
e  first  spate  after  these  burns 
nted  in  table  5,  together  with 
ts  from  the  unburnt  catchments, 
ovember  burns  were  unfortunately 
by  years  of  below  average  rainfall 
have  had  a  marked  influence  on  the 
b tained . 


The  total  monthly  outflow  of  nutrients 
rose  by  1  kg/ha  after  an  early  summer  burn 
at  Zachariashoek.  This  effect  lasted  for 
only  10  months  after  the  burn.  The  first 
two  winter  months  after  the  burn  produced 
the  greater  part  of  the  post-burn  nutrient 
outflow . 

Six  months  after  a  spring  burn  at 
Jakkalsrivier  the  initial  increase  in 
nutrient  levels  in  streamflow  had  returned 
to  pre-burn  levels.  In  these  six  months 
there  were  fourteen  rainstorms  with  only 
four  of  more  than  10  mm. 

Twelve  weeks  after  the  autumn  burn  at 
Jakkalsrivier  the  total  nutrient  output 
returned  to  pre-burn  levels. 

In  samples  taken  on  a  weekly  basis, 
concentrations  of  Na  and  CI  showed  a 
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Figure  2--The  influence  of  prescribed  bu 
ing  at  different  rotations  at  Zachariash 
on  the  total  dissolved  solid  content  of 
first  spate,  on  30/11/77  and  1/12/77,  aft 
the  burning. 

(a)  Zachariashoek  catchment   (b)  Kastee 
kloof  catchment  (c)  Bakkerskloof  catchme 


noticeable  increase  after  burning  but 
changes  in  the  concentrations  of  Mg ,  Ca , 
and  K  could  not  be  detected.   However, 
there  was  an  increase  of  SOa  and  HCO-i, 
which  had  been  at  very  low  levels  befoi 
the  burn . 

Thus,  Na  and  CI  comprised  the  bulk  of 
the  increase  in  total  dissolved  solids 
following  fire . 


Analysis  of  samples  during  the  first 
four  spates  after  an  early  summer  burn 
shows  an  increase  in  total  nutrient  outp'l 
during  the  first  two  spates  only.   Figurl 
2,  a  &  b  shows  the  influence  of  the  burr|| 
during  the  first  spate  after  fire.   No  ii 
crease  in  nutrients  was  found  in  the  corii 
catchment  during  this  spate  (see  figure  C 
Furthermore  a  previous  spring  burn  of  tv 
catchments  at  Jakkalsrivier  had  no  influi 
on  the  chemical  content  of  streamflow  dii 
a  spate  six  months  after  the  burn.   The 
bulk  outflow  of  nutrients  occurred  durii 
a  few  spates  after  late  spring  rains.  Orf 
occasional  rains  were  recorded  in  the 
summer.   This  is  the  normal  rainfall  pat 
te  rn  . 

Analysis  of  the  rainfall  pattern  she. 
that  13  rain  storms  occurred  in  the  per. 
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e  3--The  response  in  total  dissolved 

s  as  they  are  influenced  by  source 

at  Jakkalsri vie r .   The  trace  mark 

sents  the  total  dissolved  solids  in 

mwater  of  a  catchment  that  was 

00  percent  burned   (ii)  62  percent 

d  and  (iii)  27  percent  burned. 

d  (a)  is  a  calibration  period  from 

to  1979  with  irregular  sampling; 

ampling  during  spate  over  2A  hours 

on  stage;   (c)  irregular  sampling 

spate  during  1980. 


.ween  the  spring  burn  (October)  and  t 
.umn  burn  (March).  Two  were  high  in= 
isity  storms  (27  -  35  mm)  and  the  res 
■e  of  a  minor  nature.  During  these 
'  storms  the  release  of  all  nutrients 
xh  became  available  from  the  catchme 
•er  the  burn  probably  took  place. 

Analysis  for  the  ions  Na ,  K,  Ca ,  Mg , 
SO^ , HCO3  slso  shows  an  increase  in 

icentration  during  the  first  floods 

er  the  burns.   The  same  trends  were 

erved  in  all  the  burned  catchments, 
t'tis  interesting  to  note  that  SO,  and 
J|  centra tions  which  had  been  at  more  o 
nts  untraceable  levels  before,  peaked 
i ing  the  flood.   (See  Table  5).   In  e 
ote  only  traces  of  P  and  N  in  its  vari 

ms  were  found.   Concentrations  of  al 
measured  ions  declined  on  the  reces 

the  spate.   There  was  no  increase  in 
jtftration  of  any  of  the  ions  in  the  co 

chments  during  the  spate, 
iili 
][iThe  dilution  effect  of  contribution 

leamflow  from  protected  catchments  is 
jt';wn  by  Figure  3.   Samples  taken  from 

lediately  below  the  burnt  catchment  s 

increase  in  nutrient  outflow  during 
o'-i'St  spate  after  an  autumn  burn,  while 
riliple  point  further  downstream  showed 

:ay  in  recording  the  increase  of 
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nutrients.   The  level  of  increase  also  drops 
markedly  due  to  the  influence  of  water 
inflow  from  the  protected  fynbos  areas. 


e  was  an  increase 
pate  after  the 
of  the  burnt  catch: 
units  higher  than 
reams  in  the  same 

place.   This  was 
ith  black  waters 
e  the  normal  pH 

In  the  other 
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was  recorded . 


EFFECTS  OF  FIRE  ON  SUSPENDED  SEDIMENT 

Results  obtained  by  means  of  stage  samp: 
ling  for  suspended  sediment  during  spates 
show  that  the  sediment  loads  from  the  fyn= 
bos -vege ta ted  catchments  at  Zachariashoek 
are  very  low,  the  maximum  average  release 
of  suspended  sediment  from  a  350  ha  fynbos 
catchment  being  0,0291  kg/ha.   This  fynbos 
catchment  yielded  a  total  of  CO'^  kg/ha 
of  suspended  sediment  over  the  four  spates 
that  followed  burning. 
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After  an  autumn  burn  at  Jakkalsri vier 
the  quantity  of  suspended  sediment  released 
was  found  to  be  even  smaller.   During  the 
first  spates  after  this  burn,  the  protected 
catchments  released  less  than  0,01  kg/ha, 
while  the  burned  catchment  released  0,04 
kg/ha . 

Loss  of  soil  from  fynbos  catchments 
occurs  in  stages.   The  soil  is  brought  down 
the  slopes  by  soilcreep  and  is  released 
from  the  catchment  as  bed  load.   This  is 
the  principal  way  in  which  soil  is  lost 
from  most  of  the  fynbos  catchments  of  the  • 
Western  Cape.   Bedload  release  has  been 
measured  for  the  past  ten  years. 

Results  of  bedload  measurements  from 
fynbos  catchments  show  that  the  protected 
catchment  releases  more  soil  in  this  form 
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than  the  burnt  catchments.   Soil  slips  also 
appeared  in  the  protected  catchments,  but 
were  not  observed  in  the  burnt  catchments. 
Higher  rainfall  infiltration  due  to  the 
higher  vegetal  cover  may  have  an  influence 
in  the  latter  case.   The  results  here  show 
the  weighted  average  yearly  mass  of  bed= 
load  from  the  regularly  burned  catchments 
was  6,26  kg/ha  against  7,72  kg/ha  from 
the  control  catchment  with  10  years  old 
f ynbos . 

Turbidity  was  not  measured,  field 
observation  shows  that  it  is  very  high 
during  the  rise  of  any  spate,  but  lessens 
during  the  recession  of  the  spate  and  the 
water  soon  becomes  as  clear  as  it  had 
been  be  fore . 

According  to  the  results  of  measure= 
ment  of  suspended  sediment  from  burnt 
and  protected  fynbos  catchments  obtained 
so  far,  it  seems  obvious  that  suspended 
sediment  from  the  table  mountain  sandstone 
catchments  is  very  low,  and  that  burning 
does  not  have  a  significant  effect  on 
sediment  loads . 

Because  sediment  release  is  difficult 
to  monitor,  more  data  are  required  for  the 
fynbos  areas  before  a  full  understanding 
of  sediment  loss  and  the  erosion  of  burnt 
and  protected  areas  may  be  reached. 


LITERATURE  CITED 


ACKNOWLEDGMENTS 

My  thanks  to  the  sponsors  o 
posium  who  gave  me  the  opportu 
attend,  the  Council  for  Sclent 
trial  Research  (Water  Unit)  wh 
analysis  of  the  water  samples, 
to  the  technical  section  of  Jo 
FRS  and  in  particular  Mr  Barna 
field  work.  Messrs  F.J.  Kruge 
and  Mrs  Gouws  for  checking  the 
of  the  paper  and  Mrs  Basson  fo 
excellent  typing  services.  Th 
part  of  the  conservation  fores 
programme  of  the  Directorate  o 
and  Environmental  Conservation 
published  with  permission. 


f  this  sym= 
ni  ty  to 
i  f ic  Indus  = 
o  did  the 

My  thanks 
nkers  hoek 
rd  for  his 
r ,  D . P  .Bands 

final  draft 
r  her 

is  work  forms 
try  research 
f  Forestry 

and  is 


Bras 

CO 

si 
ia 

Cole 
su 
a 
Re 

Deth 
to 
Ca 
Re 

Fish 
Bo 
to 
Br 
Wa 
11 

Krug 

CO 

me 
si 

Like 
Fi 
fo 
nu 
wa 
gr 

Van 
Za 
19 

Van 
op 
r  i 
19 

Van 
on 
at 
19 

Wich 
in 
In 
St 

Wich 
Ra 
hy 
Un 

Wils 
re 
ca 
Un 
me 

hy 


ell  , 
mposi 
tes  i 
n  J. 
,  Dal 
Iphat 
Dougl 
s;  1 
ie  r  , 

s  tre 
scade 
s.  ;  1 
e  r  ,  D 
rmann 

wa  te 
ook  E 
ter  R 
15-11 
er  ,  F 
mmuni 
nt . 
ty  of 
ns  ,  G 
sher  , 
rest 
trien 
tersh 
aphs  ; 
der  Z 
chari 
7A; 
der    Z 

meer 
vier  , 
69  Ok 
Wilge 

the 

Zach 
81;  4 
t  ,  C. 

Sout 
tern  . 
ate  U 
t  ,  C. 
inf  al 
drolo 
i  ve  rs 
on  ,  P 
port 
tchme 
publi 
ntal 
drolo 


H.M. 
tion 
n  fa 
of  E 
e  W. 
e  ad 
as  f 
977 
Da  vi 
am  w 

Ran 
979 
.W.  ; 
,  F. 
r  qu 
xpe  r 
esou 
26. 
.J  . 
ties 
Unpu 

Ste 
.E.  ; 

D  .W 
cutt 
t  bu 
ed-e 
19 
el, 
asho 
15: 
el  , 
voud 

Leb 
tobe 
n  ,  B 
ef  fe 
aria 
7(2) 
L. 
hern 

Sym 
ni  V  . 
L.  ; 
1  at 
gica 
ity 
.T  . 
on  p 
nts 
shed 
Coor 
eica 


o 
r' 

CO 

» 

di 

ir 

Ap 

d 

at 

ge 

Ap 

H. 
al 
im 
r  . 

T 

o 

bl 

11 


in 
dg 

CO 

69 
D. 
ek 
23 
D. 

ig 
an 
r  , 
.W 
ct 
sh 

Fo 

A 
P  • 

P 
Me 

t 
1 
of 

G 
ro 
in 

r 
di 
1 


Gil 
f  pr 
nor  t 
logy 
John 
tion 

Eco 
ril; 
P  . 

e  r  c 
,  Wa 
ril; 
Gamb 
At 
ity 
enta 

Res 

he  p 
f  th 
ishe 
enbo 
Borm 

Pie 
g  an 
e  ts 
sys  t 

Jul 
W. 

.  F 
-30. 
W. 

e  op 
on  . 

10: 

• ;  K 

s  of 
oek  , 
195- 
rest 
f  ric 

on 
enns 
ybur 
he  J 
rese 

Ste 
eolo 
pose 

the 
epor 
na  ti 
rese 


mour 
ecip 
h  Qu 
;  19 
son  , 
s  an 
syst 

13( 
Atmo 
hemi 
shin 

15( 
ell  , 
mosp 
of  s 
1  Fo 
.  19 

hysi 
e  Ja 
d  M. 
sch  ; 
ann  , 
rce  , 
d  he 
in  t 
em  . 

y ; 

Catc 


'n  V 

vang 

Bos 

63- 

ruge 

fir 

Paa 

212  . 

Hyd 

an  R 

Fore 

ylva 

gh, 

onke 

arch 

lien 

gica 

d  ex 

win 

t  to 

ng  c 

arch 


,  D 
i  ta 
een 
80: 
D. 
d  c 
em  . 

3  )  : 
sph 
s  tr 
gto 

4  )  : 
A  . 

her 
tre 
res 
68 

ogr 

kka 

Sc. 

1 

F  . 

R  . 
rbi 
he 

Ec 
A0( 
hme 
in 

eld 
geb 
bou 
71. 
r  , 
e  i 
rl  . 


.A 
ti 
si 
5 
W. 
at 

3 
er 

y 

n  . 

7 
W. 
ic 
am 
t, 
Oc 

ap 
Is 
t 
97 
H. 
S. 
ci 
Hu 
ol 
1) 
nt 
So 

br 

ie 

i 

F. 
n 


The 
on  at 
and  . 
,  397- 
A  tmo 
ion  Ie 
Wa  ter 
13-317 
ic  con 
in  the 

Wate  r 
87-79A 
;   Lik 

contr 
s  in  t 

New  H 
tobe  r ; 

hy  and 
ri vier 
he  sis 
4  . 

;  John 
Effe 
de  tre 
bbard 
ogical 
:  23-4 
resea 
uth  Af 

andeks 
de  in 
n  Suid 

J.  Ob 
mounta 
J  .  S. 


c  a  t  i  c 
four 
Aus  tre  z 
405  . 
sphe  r i 
aching  i 
R  e  s  o  u  r 

tribute 
Nortl 
Resoi', 

ens  ,  CI 
i  butidj 
he  Hubc 
a  m  p  s  h :  'f 
4(5 


plan 

catc 

Uni  ve; 

son  , 
c  ts  o: 
a  tmen 
Brook 
Mono 
7. 

rch  a 
rica 

perira 
Jakka 
-Afri 

serva  ic 
in  fybc 
Afr  .  J3 


rolog 
epubl 
St  Hy 
nia  , 
J  .C.  ; 
rshoe 

Stat 
bosch 
1  and 
perim 
ter  r 

the 
ommi  t 
,  196 


ical 
ic  ; 
drol 
U.S. 

Bou 

k  fo 

ion  . 

1 

geo 
enta 
ainf 
Inte 
tee 
4  ,  J 


resea 
1967; 
ogy  . 
A. 

s  tead , 
res  t 

Anna 
969;  4 
hydrol 
1  moun 
all  re 
r  Depa 
for 
anuary 


11 

4 

ti, 
go 


396 


ects  of  Vegetation  Change  on  Shallow 
.ndsliding:  Santa  Cruz  Island,  California^ 


)ert  W.  Brumbaugh,  William  H.  Renwick,  and  Larry  L. 
*:her- 


tjjln  nanv  Mediterranean- tvpe   zones  with   ruaned 
rain,   particularly   southern  California,   mass 
laments   include  dry  slidina,    deep  seated 
(lures,    and  shallow  soil   slips.      This   paper  will 
'Icentrate   on   the   latter.      Several   studies   have 
ifcmined  the   relations   of  shallow   landslidina 
|veaetation   type   in  Mediterranean    lands.      Rice 

others    (1969)    and   Rice   and  Foqain    (1971)    have 
^ati   that   conversion  of   chaparral   veaetation  to 


1 
Presented  at   the   Symposium  on   Dynamics   and 

agement  of  Mediterranean-type  Ecosystems, 

a  22 — 26,    1981,    San   Dieao,    California. 
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Department  of  Geography,  California  State 

iJversity,  Northridqe,  California;  Department  of 
Ujraphy,  Rutgers  University,  New  Brunswick, 
U  Jersey;  and  Department  of  Geography,  University 
l-alifomia,  Los  Angeles,  California. 


Abstract:   Santa  Cruz  Island  has  been  orazed  by 
sheep  for  over  100  vears.   Durina  this  time  large 
areas  of  coastal  sage  scrub  ernd  pine  and  oak  wood- 
land have  been  reduced  to  grass  or  barren  oround 
and  the  resulting  soil  erosion  has  been  severe. 
In  1978  an  intense  series  of  storms  caused  more 
extensive  landsliding  than  has  occurred  in  the 
last  half  centurv.   Triagering  mechanisms,  slide 
morphology,  and  denudation  rates  are  related  to 
soil  and  vegetation  characteristics.   The  most 
extensive  landslidina  is  temporally  associated 
with  intense  rainfall  which  occurred  decades  after 
vegetation  conversion. 


grasses  resulted  in  a  180  to  640  percent  increase 
in  slip  erosion  (dependino  on  storm  size)  in  the 
San  Gcibricl  Mountains,  southern  California.   This 
is  attributed  to  the  decrease  of  root  strength  in 
the  soil.   On  Santa  Cruz  Island,  reduction  in 
vegetal  cover  by  grazing  during  the  last 
130  years  has  caused  a  considerable  increase 
in  erosion  (Brumbaugh)  1980) .   It  is  yet 
unclear  to  what  extent  this  increase  is  attri- 
butable to  landsliding  as  opposed  to  fluvial 
erosion.   In  early  1978  a  series  of  heavy  rains 
caused  very  extensive  shallow  landsliding  on  the 
island,  and  this  recent  activity  is  the  subject 
of  the  present  study. 

Santa  Cruz  Island  lies  40  km  south  of  Santa 
Barbara,  at  approximately  34^,  119"45'w  (fig.  1)  . 
The  249-km   island  has  very  rugged  topography  as 
a  result  of  rapid  stream  downcuttina,  and  slopes 
in  excess  of  40°  are  common.   The  diverse  bedrock 
neology  includes  volcanic,  plutonic,  and  diverse 


SANTA  CRUZ  ISLAND 


ure   1 — Map  of   Santa   Cruz   Island,    California 


I 

I ech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
boent  Station,  Forest  Service,  U.S.  Depanment  of  Agriculture;  1982. 


397 


sedimentairy  rocks  (fig.  2).   Soils  developed  on 
these  rocks  range  from  deep  (i  to  1^  m)  vertisols 
on  some  volcanic  areas,  to  mollisols  on  some  shales, 
and  poorly  developed  entisols  on  all  litholoqies. 
Major  vegetation  zones  include  chaparral  woodland 
(puercus  dumosa,  Arctostaphylos  spp.) ,  pine  wood- 
land (Pin us  muricata) ,  coastal  sage  scrub 
(Artemisia  califomica)  ,  annual  grasslands,  and 
areas  of  essentially  barren  ground  (fig.  3) . 

Grazing  by  feral  sheep  during  the  last  130  years 
has  been  the  major  cause  of  the  substantial  reduc- 
tion of  vegetation  on  Santa  Cruz  Island.   Sheep 
were  introduced  to  the  island  during  the  early 
1850's  (Brumbaugh  1980).   By  1857,  there  were  some 
7000  or  8000  head  of  sheep  on  the  island  (Greenwell 
1858) ,  and  by  1870,  the  sheep  population  had 
increased  to  at  least  45,nr)0  (U.S. Census  of  Agri- 
culture 1870) .   Other  estimates  of  sheep  during  the 
last  half  of  the  19th  century  range  between  60,000 
and  100,000  head  (Cromise  1868,  Carman  and  others 
1893,  Towne  and  Wentworth  1945).   Some  control  of 
the  sheep  during  the  last  few  decades  has  been 
attempted  by  fencing  the  open  range  and  curtailing 
grazing  over  large  areas  of  the  island.   Today, 
most  of  the  feral  sheep  are  confined  to  the  more 
rugged  and  less  accessible  coastlands  and  mountains 
of  the  northeast  and  northwest  portions  of  the 
island.   A  much  smaller  population  with  fluctuating 


numbers  of  sheep  remains  on  the  steepest  slopes 
the  southern  portion  of  the  island. 

Changes  in  vegetation  since  the  1850 's  (the  < 
of  sheep  grazing)  are  indicated  by  historical 
accounts  and  old  photographs.  Comparisons  of  U 
Coast  Survey  accounts  with  present-day  landscape 
indicates  reduction  of  brush  cover  on  various  i 
locales  (Brumbaugh  1980) .  Comparison  of  photog 
taken  in  1869  of  the  Central  Valley  with  presen 
photographs  (Brumbaugh  1980)  shows  significant 
reduction  of  coastal  sage  scrub  on  south- facing 
slopes  north  of  the  Central  Valley,  in  addition 
depletion  of  several  chaparral  shrubs,  especial 
chamise  (Adenostema  fasciculatum) .  Exposed  roc 
platforms  on  now-barren  slopes  also  indicate  wi 
spread  reduction  of  scrub  woodland  cover. 

Shrubs  and  trees  in  areas  still  grazed  by  sh 
appear  to  have  experienced  only  gradual  reducti! 
over  the  last  50  years  (comparison  of  1929,  194 
1964,  and  1970  pho'jographs  in  Brumbaugh  1980). 
Hobbs  (1978,  1980)  reports  an  absence  of  regene 
tion  and  an  accelerated  deterioration  of  Pinus 
muricata  in  sheep-grazed  areas,  and  Leishman  (1 
reports  reduced  health  and  vigor  of  chaparral  s 
in  heavily  grazed  areas  north  of  the  Central  Va 
Reduction  of  chaparral  shnabs  by  grazing  is  spel 
selective/  for  example,  chamise  is  especially  l 
susceptible  (Brumbaugh  1980,  Minnich  1980). 


Monterey  Shale 
Blanca  Volcaniclastics 
Santa  Cruz  Island  Volcanics 


Vaqueros,  Canada,  and  other  Sedimentary 


Alamos  Plutonite 


Willows  Diorite 


■»•--•>'- 


;«'."     San  Onofre  Breccia 


Santa  Cruz  Island  Schist 


ttis 


Figure    2 — Generalized  geologic  map  of   Santa  Cruz 
Island    (simplified   from  Weaver   and  others    1969 
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cind  Howell    and  others    1976)  .      Major   rock   units 
are    listed   in    sequence    from  youngest   to   oldest 


I 


ifl 


SANTA  CRUZ  ISLAND  VEGETATION 


lSS?a   Woodland 

Coastal  Sage  Scrub 


I M  Chaparral 

Grassland 


Conifer   Forest 


;     R     I  Grassland  /  Barren 


Original  data  compiled  by   R.Minnich,  J.  Leishman 


fure  3 — Generalized  vegetation  map  of  Santa  Cruz 
.and,  California. 


agetation  has  recovered  wherever  sheep  have  been 
assfully  excluded  during  the  last  25  years, 
leration  of  coastal  sage  is  occurrinq  on  some 
Ions  of  the  island  (Brumbaugh  1980,  Minnich 
I,  most  notably,  the  steep  southern  slopes  of 
Isthmus  and  Canada  Pozo,  and  Pinus  muricata 
jgeneratina  in  "sheep-free"  areas  (Brumbaugh 
,  Hobbs  197R,1980) . 

1  addition,  Brumbaugh  (1980)  reports  that  a 
.  sheep  exclosure  located  in  the  Central  Valley 
"ienced  rapid  vegetation  recovery;  post-sheep 
'al  vegetation  response  included  basal  sprouting 
>yon  (Heteromeles  arbutifolia)  and  scrub  oak 
cus  dumosa)  and  return  of  native  bunch  grasses. 


>LIDING  PRIOR  TO  1978 


:tensive  aerial  photographic  coverage  is  avail- 
for  the  island.   This  includes  black  and  white 
s  at  a  scale  of  approximately  1:20,000  flown 
29,  1940,  1954,  and  1964;  color  infrared  at  a 

of  1:20,000  flown  in  1970  and  1980;  and 
ue  color  and  color  infrared  photos  flown  by 


the  authors  in  1978.-^  The  aerial  photooraphs  have 
been  supplemented  by  the  authors  with  extensive 
oround  level  photography.   The  auality  of  the  above 
coverage  ranges  from  fair  to  excellent.   Resolution 
is  poorest  on  the  1929  photos,  allowinri  identifi- 
cation of  features  only  as  small  5  m.   In  most  of 
the  later  photos,  however,  features  2  m  in  size  are 
clearly  distinouishable.   Most  of  the  shallow  fail- 
ures on  the  island  are  from  5  to  15  m  in  horizontal 
dimensions  and  are  easily  discemiJale  on  the 
photographs. 

Daily  precipitation  has  been  measured  on  the 
island  since  the  1936-37  season  (monthly  data  is 
available  back  to  1904-05) ,  and  the  mean  annual 
rainfall  is  about  500mm.    The  daily  data  were 


1929  photographs  from  the  Fairchild  Collection; 
1940  photographs  from  the  Soil  Conservation  Service, 
U.S.D.A.;  1954  and  1964  photographs  from  Mark  Hurd; 
1970  imagery  from  Orme  and  others  (1971) ;  and  the 
1980  imagery  from  the  National  Park  Service. 

4 
Data  on  file,  Stanton  Ranch,  Santa  Cruz 

Island,  California. 
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Table  1 — Extreme  precipitation  events  (in  mm)  on 
Santa  Cruz  Island,  1937-1978. 


maximum 

1-day  + 

maximum 

maximum 

maximutn 
storm 

30-day 

Month/yr 

1-day 

2 -day 

ante- 

cedent 

2/37 

99 

208 

218 

362 

3/38 

163 

163 

252 

412 

1/41 

164 

204 

248 

530 

3/58 

86 

139 

12  3 

297 

2/62 

161 

221 

394 

253 

1/69 

61 

115 

2  30 

364 

3/78 

140 

161 

258 

507 

■  storm  is  defined  here  as  a  period  of  time  in 
which  every  day  has  measurable  precipitation. 


analyzed  to  determine  which  storms  were  likely  to 
have  caused  extensive  landslidinq. 

Mo  single  measure  of  precipitation  accurately 
predicts  landslidinq.   High  soil  moisture  content 
and  hence,  high  pore  water  pressures  associated 
with  landsliding  are  a  function  of  both  precipita- 
tion intensity  and  antecedent  rainfall.   Campbell 
(1975)  found  most  slides  occurrinn  during  intense 
periods  of  less  thrn  6  hours  duration.   Although 
daily  data  mask  these  intensities  there  is  a  strong 
correlation  between  hiah  hourly  intensities  and 
high  daily  totals.   Daily  totals  and  three  other 
precipitation  parameters  for  the  seven  heaviest 
rainfall  years  since  1937  are  shown  in  table  1. 
The  data  indicate  that  1941,  1978,  and  1938  were 
the  most  severe.   A  hiqh  1-day  total  occurred  in 
1962,  but  antecedent  precipitation  was  low. 

In  view  of  the  precipitation  data  there  is  sur- 
prisingly little  evidence  of  any  widespread  shallow 
landsliding  in  any  of  the  photos  prior  to  1978. 
Although  quantitative  estimates  are  difficult,  the 
percent  of  land  area  in  slides  is  at  least  an  order 
of  magnitude  qreater  in  the  1978  imagery  than  in 
any  of  the  earlier  years.   Many  slopes  which  show 
one  or  two  scars  in  1954  and  1964  have  several  tens 
of  scars  today.   The  most  severe  nap   in  photo  cover- 
age is  that  immediately  after  the  1941  storms,  and 
it  is  quite  possible  that  scars  caused  in  that 
year  had  time  to  heal  and  were  therefore  not  visi- 
ble in  the  1954  photos.   Reveqetation  of  scars  may 
take  up  to  a  decade  or  more.   Slips  that  occurred 
in  1978  are  still  quite  visible  in  19R1  ,  but  scars 
shown  in  the  1954  photos  are  absent  in  1970.   The 
1969  storms  were  intense  and  caused  much  land- 
slidinq on  the  mainland,  but  intensities  were 
lower  on  the  island  and  little  landsliding  is 
visible  in  the  1970  imagery. 


SHALLOW  LANDSLIDING  IN  1978 

Failures  in  1978  were  generally  similar  to 
those  commonly  described  elsewhere  (Campbell  1975, 
Rice  and  others  1969,  Rice  and  Foggin  1971). 
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shapes  vary  considerably,  from  rounded  and  smoolj 
concave  to  highly  irregular.  Length/width  ratit 
generally  range  from  1  to  5.  Although  there  is 
some  tendency  for  more  irreqularly  shaped  scars 
to  be  found  in  grasslands,  there  are  many  excep' 
tions.  Slides  in  woodlands  and  on  barren  areas 
are  larger,  having  average  surface  areas  of  aboi 
600  m^  as  opposed  to  an  average  of  about  50  m^ 
grasslands.  Individual  slide  volumes  ranae  fro: 
3  to  3000  m  .  In  most  cases  the  debris  flowed 
rapidly  downslope  emd  was  delivered  directly  to 
stream  channels. 


II 


The  failure  mechanism  on  areas  of  shale, 
volcaniclastic,  and  schist  bedrock  is  presumed 
be  that  described  by  Campbell  (1975) ,  in  which 
infiltration  in  excess  of  deep  percolation  caus 
the  formation  of  a  perched  water  table  in  the 
soil,  with  resultant  high  pore  water  pressures 
and  a  reduction  of  shear  strenqth.   In  areas  of, 
well  developed  vertisols  on  volcanic  rocks, 
failure  appears  to  occur  as  a  result  of  water 
seepage  from  upslope  or  from  permeable  bedrock 
strata  (fig.  4).   The  clay-rich  A  horizon  confilp; 
soil  water,  and  high  pore  water  pressures  resu] 
Subsurface  seepaqe  may  also  contribute  to  failV 
in  areas  of  permeeible  surface  horizons.   This 
v/ould  suggest  that  different  precipitation  par 
meters  would  be  important  in  generatinq  this  t^i  t 
of  failure,  although  there  is  no  evidence  that 
they  occurred  at  a  different  time  than  the  res#"f 
the  failures  on  the  island. 


Percent  of  surface  area  in  shallow  landslide's 
was  measured  from  oblique  air  photos  and  grouni 
level  photos  at  several  locations  on  the  islan 
(table  2) .  There  is  a  large  range  in  landslidf 
occurrence:  from  0.002  to  3.5  percent  of  area  ( 
sampled  areas  of  14.5  to  455  hectares. 


Much  of  this  variability  can  be  explained  b 
spatial  variation  in  precipitation  intensity. 
Table  3  shows  storm  precipitation  for  location 
in  the  central  (Main  Ranch,  in  the  Central  Val 
western  (Christi,  near  the  mouth  of  Canada  Chr 
and  the  eastern  part  (isthmus  ridge)  of  the  is 


Fiqure  4 — Diagram  of  subsurface  water  flow  i 
vertisols  resultinq  from  bedrock  configurati 
and  convergent  flow. 


i  shallow  landslidinq  occurred  on  the  western 
■.ion  of  the  island  (northwest  end,  Canada  de  los 
:es,  Canada  Cebada,  Canada  Christi)  than  on  the 
:em  portion  (table  2)  .   Correspondinqly , 
iter  1-dav  rainfalls  occurred  in  the  central  and 
.em  portions  of  the  island  than  on  the  eastern 
'ion  of  the  islctnd. 

■here  is  little  evidence  to  demonstrate  system- 
:  variation  in  slide  intensity  with  bedrock 
oloqy.   There  are,  however,  siqnificant  varia- 
s  in  shallow  sliding  with  soil  and  vegetation 
.   The  most  intense  activity  is  associated 
arassland  areas  underlain  by  vertisols 
thwest  portion  and  Canada  de  los  Sauces) . 
urement  of  percent  area  in  failures  suggests 

f  grassland  has  higher  slippage  rates  than 
tal  sage  scrub,  which  in  turn,  has  higher 
ure  rates  than  oak  or  pine  woodland  (table  2) . 
arral  species  have  deeper  penetrating  root 
ems  than  coastal  sage,  ana  coastal  sage  scrub 
htly  deeper  than  grassland  mats  (Hellmers  and 
rs  1955).   However  coastal  sage  scrub  grows 
lopes  often  charact-rized  by  shallow  soils, 
amount  of  shallow  failures  in  coastal  sage, 

hefore,  may  be  as  much  dependent  on  soil 
acter  as  on  vegetation  type.   Although  many 
r  failures  occur  on  woodlands  than  on  grass- 
s,  the  failures  are  much  laroer  in  woodland 
s.   These  failures  are  debris  avalanches  that 
r  off  venctation  below  the  actual  failure 
ace.   Upon  reaching  the  slope  base,  they 
lize  channel-bed  naterial  resulting  in  debris 

ijisnts  capable  of  completely  disrupting  the 

ni! 

mil   Table    I   -    Shallow   landslides,    Yarch    197R,    on 

^^    differ!.. q  v?atershed   tvpes,    Santa  Cruz    Island. 

ii; 


channel  bottom  and  aggradinq  the  valley  downstream. 
Thus,  although  less  soil  slip  denudation  may  occur 
in  the  wooded  areas  than  on  grassland  areas, 
watershed  disruption  is  substantial  —  disrupted 
surfaces  downslope  and  along  the  adjacent  channel, 
and  often  unwanted  aggradation  down valley.   Areas 
of  little  or  no  soil  have  few  shallow  failures; 
landslides  are  either  absent  or  deep-seated. 


MANAGEMENT  IMPLICATIONS 

The  variation  in  failure  rates  in  different 
vegetation  types  supports  earlier  work  showing  that 
shallow  landsliding  is  more  intense  under  grassland 
than  under  woodland  veqetation,  presumably  due  to 
the  binding  strength  of  woody  roots.   Althouqh 
other  studies  have  shown  increases  in  landsliding 
following  vegetation  change,  reduction  of  vegeta- 
tion  cover  such  as  from  woodland  to  grassland, 
has  two  contrastinq  effects  on  soil  moisture  which 
preclude  simple  recommendations.   Kvapotranspira- 
tion  is  reduced,  which  would  tend  to  increase 
soil  moisture,  but  at  the  same  time,  runoff  is 
increased.   Evapotranspiration  is  less  significant 
during  a  storm,  but  will  have  important  effects 
on  antecedent  moisture.   On  the  other  hand, 
devegetation  generally  causes  a  reduction  in 
infiltration,  which  would  tend  to  promote  surface 
erosion  at  the  expense  of  landsliding.   Detailed 
site-specific  hydrologic  investigations  are 
necessary  to  determine  the  relative  importance 
of  these  two  effects  of  vegetation  cover  change. 


Location 


.  Northwest  end 

3l 

^4  Canada  de  los 
is  I 

^^  East  Central 
_i   Valley 

— . IsthnjE 


Sauces 
Isthmus 


Canadas   Sauces- 
Cebada-Aleqria 


'Central  "allov 


Canada  Christi 


jti(     sample  includes  larae  units  of  qentlv  slopino 
surfaces. 


Isthmus 


Litholoqy/ 
soils 


Veqetation 


Area 

mapped 

(ha) 


Number 

of 
slides 


Averaqe 

slide 
area(m  ) 


Percent 

area  in 

slides 


Range  of 

percent  area 

in  slides 


volcanic/ 
vertisols 


qrassland 


sedimentary:     qrassland 
breccia,  silt- 
stone,  sandstone 
shale  grassland 


sedimentary:      coastal  saqe 
breccia,  silt- 
stone,  shale 

volcanic,        coastal  saqe 
volcaniclastic 


86.9 


R6.6 


shale 


schist 


shale 


coastal  saqe 


oak  woodleind 


pine  forest 


woodlcind/ 
nine    forest 


455 


14.5 


21.1 


85 


254 


40.6 


511 


555 


179 


13 


31 


71 


59 


54 


61 


42 


63 


75 


588 


597 


15 


3.5 


3.4 


0.2 


0,4 


0,1 


0.05 


0.7 


1.2 


0.002 


1.2    -    7.7 


3.2    -    3,6 


0.1   -   0.7 


0      -    1.2 


0      -    0.5 


NA 


NA 


1.0   -    1.3 


NA 
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Table  3 — Variation  in  storm  precipitation  (in  mm)  , 
March  1978  on  Santa  Cruz  Island,  California. 


Main   Ranch 

Christi 

Isthmus 

(62m   elev) 

(33m  elev) 

(460m  elev) 

Storm  precipi- 

262 

191 

188 

tation    (Febru- 

ary 27-March  5) 

Pre-storm 

315 

223 

326 

precipitation 

(30   day  total) 

2 

One-day  maximum 

140 

145 

69 

data  courtesy  of  Dr.  Carey  Stanton, 
Santa  Cruz  Island  Company. 

2 
represents  a  3-day  total;  however,  it  is 

probable  that  most  precipitation  fell  within 

a  24-hour  period. 


The  temporal  patterns  of  landsliding  suggest 
little  direct  association  between  vegetation 
removal  and  increased  landsliding.   Major 
vegetation  changes  occurred  on  the  island  in  the 
late  19th  and  early  20th  centuries,  and  accel- 
erated erosion  is  very  evident  in  the  1929  photo- 
graphs.  Vegetation  has  recovered  locally  in  recent 
years,  and  yet  the  most  severe  landsliding  in 
the  last  half  century  occurred  in  1978.   Several 
major  storms  occurred  during  this  period,  but 
apparently  they  were  less  intense  than  the  1978 
storms.   Precipitation  characteristics  are 
probably  much  more  important  than  vegetation 
type  in  controlling  landslide  rates  on  Santa 
Cruz  Island. 
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osion  and  Sedimentation  as  Part  of  the 
itural  System^ 


bert  B.  Howard- 


Erosion  and  sedimentation  are  natiH-al  aspects 
'  any  environment  regardless  of  geology  or  cli- 
ite.  The  magnitude  of  erosion  or  sedimentation 
vever  differs  from  one  environment  to  another. 
I^ious  factors  control  the  magnitude  or  rate  of 
•jsion  in  any  given  setting.  To  obtain  a  better 
lierstanding  of  contemporary  erosion  rates  it  is 
:;essary  to  examine  some  of  those  geomorphic  con- 
Ms  especially,  in  this  paper,  as  they  relate  to 
T!  Kediterranean-type  ecosystem.  Concern  with 
;!se  present  rates  as  well  as  attempts  to  esti- 
i,e  rates  of  these  processes  occurring  in  the 
; logically  recent  past  fall  within  the  province 
'i'  geomorphology . 

•'Geomorphology  is  that  branch  of  the  solid 

th  sciences  concerned  with  the  origin,  devel- 
fient  and  morphology  of  the  earth's  nryriad  sub- 
''i'ial  and  submarine  landforms  and  landscapes, 
ire  are  two  basic  classes  of  processes  respon- 
•.le  for  earth  surface  morphology.  These  are  the 
iPogenic  and  exogenic  processes.  The  endogenic 
'roes  derive  their  energy  from  the  earth's  in- 
''■■('nal  heat.  This  group  of  processes  is  respon- 
**le  for  tectonism,  igneous  activity  and  meta- 
tphism.  Its  global  patterns  and  modes  of  oper- 
bn  are  best  understood  in  the  light  of  the 
'••Ite  tectonic  paradigm.  The  exogenic  forces,  on 
'':  other  hand,  are  controlled  largely  by  atmos- 
:ric  agencies.  These  exogenic  processes  may  be 
f^;ther  subdivided  into  denudation  and  deposition. 
il 

liENIC  PROCESSES 

>9oiJenudation  involves  both  weathering  as  well  as 
Mion,  Weathering,  the  in  situ  mechanical  dis- 
ijgration  or  chemical  decomposition  of  rocks, 
'.ait  be  thought  of  as  the  fundamental  exogenic  geo- 
ohic  process.  Without  weathering  there  is  no 
i.ment  production  and  thus  nothing  available  to 
entrained,  transported  and  ultimately  depos- 
l.  In  the  absence  of  this  most  fundamental  exo- 
c  process, there  woiold  be  no  denudational  or 
I'Sitional  environinents  and  thus  landforms  and 
scapes  would  remain  unchanged  with  time.  Ero- 
.  involves  the  entrainnent  as  well  as  transport 
tidlock  waste  by  running  water,  gravity  or  mass 


(Cal  Iresented  at  the  Symposium  on  Dynamics  and 
ogii  Igement  of  Mediterranean-type  Ecosystems, 
22-26,  1981,  San  Diego,  California. 

ssociate  Professor  of  Geomorphology,  Depart- 
i  of  Geography,  California  State  University, 
1  nridge . 


Abstract:   Dividing  exogenic  processes  into  con- 
stituents enables  one  to  distinguish  between  den- 
udational and  depositional  environments.  This 
distinction  leads  to  the  recognition  that  the 
chaparral  assemblage  occupies  a  zone  which  is 
predominantly  denudational,  A  qualitative  assess- 
ment of  ame  variables  governing  denudation  rates 
is  made.  The  factors  associated  with  large  sedi- 
ment yields  are  all  found  in  the  chaparral  water- 
sheds of  southern  California, 

movement,  waves  and  currents,  glacier  ice  and 
wind. 

Deposition  of  materials  in  transport  occurs 
either  because  of  a  change  in  the  environment  or 
a  change  in  the  strength  of  the  transporting  a- 
gent.  Deposition,  commonly  occurring  in  the 
course  of  denudation,  may  be  either  temporary  or 
relatively  permanent.  Temporary  deposition  merely 
involves  the  geologically  short-term  storage  of 
sediment  while  in  transit.  In  the  fluvial  context 
this  would  be  as  floodplain,  alluvial  fan  or  other 
form  of  valley  fill.  Ultimately  most  of  this 
valley  fill  will  be  re-eroded  and  eventually  de- 
posited at  some  relatively  permanent  site  where 
lithogenesis  can  occur.  As  lithogenesis  takes 
place,  the  sediments  are  slowly  b\iried  under  in- 
creasing thicknesses  of  yoiinger  overburden  and  are 
thus  transformed  from  their  original  loose,  uncon- 
solidated condition  into  sedimentary  rocks, 

EXOGENIC  ENVIRONMENTS 

From  the  foregoing,  we  may  recognize  two  basic 
exogenic  environments  —  denudational  and  depos- 
itional. The  denudational  environments  are  those 
in  which  weathering  and  erosion  dominate.  In  the 
fluvial  context,  these  denudational  environments 
tend  to  be  found  farthest  upstream  where  slopes 
are  steeper  and  relief  tends  to  be  greatest.  In 
southern  California  the  denudational  environments 
coincide  with  the  bedrock  of  the  mountain  fronts. 
This  also  tends  to  be  the  environment  of  the 
chaparral.  These  denudational  environments  may  be 
either  weathering  or  transport  limited.  In  a 
weathering -limited  environment^  denudation  depends 
on  the  rate  of  debris  production  by  rock  disinte- 
gration or  decomposition.  Where  an  environment  is 
transport  lirrdted,  denudation  depends  on  the  rate 
of  accumulation  of  debris  at  slope  bases  and  in 
stream  channels,  and  by  the  frequency  of  events  of 
sufficient  magnitude  to  entrain  and  transport  it. 
In  most  fluAO-al  denudational  systems,  regardless 
of  whether  they  are  weathering  or  transport  lim- 
ited, there  is  a  close  association  between  the 
stream  channel  and  its  debris-contributing  valley 
side  slopes. 

Environments  in  which  deposition  dominates  tend 
to  be  found  in  the  downstream  direction  where 
slopes  are  low  and  relief  is  small.  In  southern 
California,  fluvial  depositional  environments  are 
found  along  stream  channels  from  their  canyon 
mouths  to  the  coast.  Again,  in  southern  Calif- 
ornia the  depositional  environment  tends  to  be  as- 
sociated with  the  vegetation  communities  mapped 


i:h.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
■nt  Station,  Forest  Service,  U.S.  Department  of  Agnculture;  1982. 
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either  as  grassland  or  coastal  sage.  This  is  prob- 
ably due  to  the  rather  high  degree  of  ecological 
disturbance  which  occurs  with  each  flood  and  sub- 
sequent depositional  episode.  In  these  deposi- 
tional  environments  there  tends  to  be  a  progres- 
sive divorcing  of  stream  channels  from  their  as- 
sociated valley  side  slopes  as  one  proceeds  down- 
stream. 

Vegetation  plays  a  very  large  role  in  fluvial 
environmental  systems.  Initially  it  acts  as  a 
biological  barrier  to  erosion  by  intercepting 
precipitation  and  causing  it  to  dissipate  its 
kinetic  energy  on  leaves  and  other  aerial  por- 
tions of  the  plant.  Organic  matter  incorporated 
into  the  soil  greatly  influences  soil  structure 
and  subsequently  the  hydraulic  properties  of  the 
land  surface.  Vegetation's  influence  does  not  end 
with  its  effect  on  hydraulic  properties  of  soils 
but  continues  through  weathering  and  hence  debris 
production.  Vegetal-biochemical  reactions  termed 
pedochemical  weathering  aid  in  the  formation  of 
various  alteration  compoxonds  as  well  as  in  the 
actual  breakdown  of  bedrock. 

CONTEMPORARY  DENUDATION  RATES 

Contemporary  denudation  rates  are  based  on 
measurements  of  sediment  yielded  from  an  entire 
drainage  basin.  This  is  usually  accomplished  by 
measuring  the  sediment  (dissolved,  suspended  and 
bedload)  departing  the  basin  through  its  outlet. 
This  total  sediment  yield  provides  an  average 
basin-wide  denudation  value.  Although  a  signifi- 
cant indicator  of  gross  denudation, this  type  of 
measure  does  not  provide  information  on  actual 
source  areas  of  sediment  within  the  basin.  Because 
sediment  yields  fluctuate  widely  (often  by  as  much 
as  a  factor  of  five  from  year  to  year)  calciila- 
tions  with  the  greatest  validity  are  those  m.ade 
from  considerable  periods  of  record  (^Jinert 
1970).  Holeman  (1968)  using  a  wide  variety  of 
sources  projected  sediment  yield  of  the  various 
continents.  His  study  puts  denudation  into  a 
global  or  spatial  context.  It  also  permits  an  in- 
itial understanding  of  some  of  those  variables 
which  exert  controls  on  the  rates  of  denudation. 
The  resiilts  of  Holeman' s  study  show  /.sia  and  North 
America  as  the  continents  yielding  the  greatest 
average  amounts  of  sediment  to  the  oceans.  North 
;\merica  yields  an  average  of  245  tons/mi^- /yr  as 
determined  from  humid  streams  of  the  eastern  and 
southeastern  United  States.  This  results  in  a 
surface  lowering  of  approximately  3.2cn/l ,000yrE 
(1 .2$in/l jOOOyrs) .  Asian  sediment  yields,  as  de- 
termined from  several  streams  draining  highly 
mountainous  monsoonal  regions,  approach  1530 
tons/mi2/yr  for  an  average  surface  lowering  of  20 
cm/l,OO0yrs  (7.87in/l ,000yrs) .  Judson  and  Ritter 
(1964)  examined  regional  denudational  rates  in  the 
United  States.  Their  stucfy  reveals  that  the  Colo- 
rado river  basin  has  the  highest  sediment  yield 
with  some  12  55  tons/mi2/yr  or  a  surface  lov/ering 
of  I6.5cm/I,000yrs  (6.5in/l ,000yrs) .  The  Pacific 
slope  basins  showed  the  second  highest  yields  with 
values  slightly  more  than  half  those  of  the  Colo- 
rado (700  tons/mi2/yr  or  9cm/l  ,000j'rs) , 
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FACTORS  CONTROLLING  DENUDATION  RATES 

Coupling  information  from  the  aforementioned 
studies  with  studies  by  Ahnert  (1970)  on  func- 
tional relationships  between  slope,  relief  and 
denudation  and  with  that  by  Langbein  and  Schumni  , 
(1958)  on  the  sediment  yield-climate  relations hp, 
it  is  possible  to  delimit  qualitatively  those 
variables  which  exert  a  strong  influence  on  den-: 
dation  rates.  Denudation  rate  is  strongly  deper|-, 
ent  on  scale,  with  smallest  basins  having  the 
highest  rates.  This  is  probably  a  function  of  ie 
steepness  of  slopes  and,  hence,  greater  relief  f 
smaller  basins  of  lower  order  (/iinert  1970).  -- 
ditionally,  sm.aller  basins  would  tend  to  be  at 
higher  elevations  and,  thus,  receive  more  prec  • 
pitation  than  neighboring,  higher-order  basins 
Being  primarily  denudational  these  smaller  baf:  is 
would  also  be  flushed  by  storm  runoff  more  re  '  • 
ily.  Larger  basins  on  the  other  hand  tend  to  h 'e 
lower  sediment  yields  because  an  increasing  pe • 
centage  of  the  basin's  area  becomes  deposition.  , 
causing  sediment  storage  to  increase  with  basi  , 
size.  With  basin  size  held  constant  Langbein  al 
Sch\imm  (1958)  demonstrated  a  relationship  betw^a 
denudation  rate  and  effective  annual  precipita 
tion.  Maximum  clastic  denudation  seems  to  occii 
about  30.5cm/yr  (l2in/yr)  or  at  the  approxjmat 
boundary  between  desert  and  grassland.  Reduced 
clastic  denudation  occurs  at  precipitation  amoip 
above  and  below  this  30,5cm/yr  value  because  0, 
increased  vegetal  coverage  of  the  s\irface  in  wi 
ter  environments  and  reduced  precipitation  in 
drier  ones.  At  the  high  annual  precipitation 
amoxints  typical  of  hiomid  tropical  regions  denvl 
dation  rates  probably  increase,  however  the  d( 
dation  is  probably  chemical  and  not  clastic,  ^j 
final  factor  influencing  denudation  that  she 
mentioned  here  is  revealed  by  Holeman 's  (1968)[ 
study  which  shows  monsoon  Asia  with  enormous 
ment  yields.  Apparently  strong  seasonality  in 
cipitation  is  associated  with  large  sediment 
yields. 

EVENT  FREQUENCY,  THREStiOLDS  AITO  SEDIMENT  YIEU 

Before  focusing  on  denudation  and  deposi- 
tion in  the  chaparral  system  one  last  topic  d(; 
serves  to  be  mentioned.  More  and  more  frequen' 
geomorphologists  are  being  made  aware  of  even 
frequency  and  thresholds  in  relation  to  sedimi 
yield.  In  their  classic  study  Wolman  and  Mill 
(i960)  demonstrated  that  the  greatest  amount 
work  done  on  the  landscape  over  the  long  run 
accomplished  by  the  frequently  occurring  mode 
events.  On  this  basis  fluvial  geomorphologist 
have  concentrated  on  bankfull  discharge  as  th 
most  probable  flood  event  and  the  flow  to  whi 
the  channel's  geometry  is  adjusted.  Statistiq 
this  bankfull  discharge  csn  be  expected  to  oc 
as  the  annual  maximum  every  1.58  years.  On  th 
other  hand  it  can  be  exj)ected  to  occur  as  a  1 
than  annual  maximum  every  0,9  year  or  11  time 
a  10-year  period.  In  recent  years,  with  the  d 
creasing  publication  of  research  on  subhumid 
dry  region  processes,  the  notion  of  the  extre  l^ 


'ent  in  these  erosional  systems  is  once  again 
lining  credence  (see  especially  Thornes   1976). 
ale  the  general  proposition  put  forth  by  Wolman 
d  Miller  concerning  the  magnitude  and  frequency 
'  events  is  not  in  serious  doubt  for  humid 
gions  with  perennial  streams,  the  situation  in 
id,  semiarid  and  subhumid  environments  appears 
be  different.  Several  arguments  can  be  advanced 
support  the  contention  that  in  these  drier  en- 
ronments  total  work  on  the  landscape  over  the 
ng  run  is  biased  toward  the  higher  magnitude, 
ver  frequency  geomorphic  events.  First,  detrital 
^terials  tend  to  be  of  larger  size  and  greater 
'Lume  in  most  dry  regions  and,  thus,  require 
^er  critical  stresses  for  their  entrainment 
H  transport.  Moderate  to  low  magnitude  events, 
'lurring  however  frequently,  will  generally  be 
{sufficient  to  reinitiate  bedload  movement,  save 
r  the  smallest  particles.  Second,  in  most  dry 
*jions,  alluvial  surfaces  consist  of  poorly 
■'•ted,  highly  permeable  materials  so  extensive 
finsmission  losses  can  be  expected  when  flows  do 
"fur.  These  excessive  losses  decrease  the  likeli- 
%d.   that  airy   sediment  transport  will  occxor  with 
f  to  moderate  events.  Third,  detachment  of  soil 
•Tticles  from  hillslopes  followed  by  their  en- 
"  inment  is  an  intensity  related  phenomenon 
^tchler  and  Yoxxng,   1975).  Fourth,  mass  movement 
the  form  of  soil  slips,  debris  flows,  slumps  or 
dslides  are  triggered  by  high  magnitude  events 
mpbell  1975;  Rice  and  Foggin  1971;  Scott  and 
■'fliams   1978).  If  slope  failure  were  related  to 
2  frequent,  moderate  events  then  they  would 
sent  more  of  a  problem  than  is  the  case  at 
'sent.  A  last  argument  is  based  on  the  statis- 
5  of  precipitation  distribution.  As  the  total 
lal  precipitation  decreases  its  variability  in- 
ises  (Goudie  and  Wilkinson  1977),  A  corollary 
■his  statement  is  that  as  precipitation  totals 
■ease  then  the  likelihood  of  the  total  annual 
rnt  occurring  as  one  or  two  storms  increases, 
argument  implies  that  because  the  subh\amid 
drier  regions  experience  low,  highly  variable 
ints  of  precipitation  then  the  idea  of  a  single 
rately  frequent  event  to  which  the  landscape 
tream  channels  are  adjusted  is  tenuoiis  at 

• 

oupled  with  rethinking  of  the  magnitude  and 
uency  concept  there  has  been,  especially  in 
'^last  few  years,  recognition  of  the  metastable 
-iition  of  most  landforms  (Schumm  1973).  From 
-'■''I  recognition  the  notion  of  thresholds  or  po- 
ial  morphological  instability  has  been,  and 
Inues  to  be,  developed  (see  especially  Coates 
P^Iltek     1980).  There  are  two  classes  of  thresh- 
extrinsic  and  intrinsic.  Extrinsic  thresh- 
are  external  to  the  system.  Examples  are  a 
'i  induced  flood  event  or  an  earthquake  which 
jers  slope  failure.  Intrinsic  thresholds,  on 
r.  '-j  |)ther  hand,  are  internal  to  the  system.  An 
'le  of  an  intrinsic  threshold  might  be  the 
■J  continuous  weathering  of  slope  materials 

their  shear  strength  is  reduced  to  the  mini- 
alue  for  continued  stability.  The  idea  of 
holds  means  that  slow  changes  in  landforms 
ndscapes  continue  to  occur  through  erosion 
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or  deposition.  This  slow  change  in  morphology 
leads  up  to  the  threshold — that  metsistable  con- 
dition or  point  of  potential  morphological  in- 
stability. A  subsequent  event,  not  necessarily  a 
major  event  either,  can  then  occixr  and  push  the 
apparently  stable  morphological  system  over  this 
particular  threshold  resulting  in  erosion,  deposi- 
tion and  a  sudden  shift  in  form.  A  corollary  to 
this  threshold  concept  is  that  neighboring  systems 
do  not  necessarily  reach  thresholds  simultaneous- 
ly. Thus,  one  area  may  be  undergoing  rapid  change 
while  adjacent  areas  are  still  approaching  their 
metastable  condition.  This  complex  response  of 
geomorphic  systems  can  lead  to  considerable  con- 
fusion in  interpretation  of  a  landscape's  geo- 
morphic history. 

THE  CHAPARRAL  ENVIROtJMENT  AND  SEDIMENT  YIELDS 

With  these  concepts  in  mind  we  can  now  attempt 
to  characterize  the  geomorphic  processes  and  re- 
sponses of  the  chaparral  environment.  The  physical 
environment  of  southern  California's  chaparral 
ecosystem  exerts  a  strong  control  over  rates  and 
total  amounts  of  denudation.  The  region  is  tec- 
tonically  active  with  mountain  masses  being  up- 
lifted at  rates  between  3,96m/l ,000yrs  (I3ft/l,000 
yrs)  in  the  Santa  Monica  mountains  and  5,2m  to 
6.1m/l,000yrs  (I7ft  to  20ft/l ,000yrs)  in  the  San 
Gabriel  mountains  (Gilluly,  194-9).  These  tecton- 
ically  active  denudational  environments  (moixntain 
masses)  rise  very  abruptly  from  their  associated 
depositional  aprons  of  sediment  (alluvial  fans 
and  alluvial  plains).  Because  of  tectonism  the 
mountain  masses  possess  very  steep  slopes,  high 
relief  and  relatively  small  drainage  basins  espe- 
cially along  the  mountain  fronts,  Lithologically 
the  eastern  Transverse  ranges  along  with  the  Pen- 
insiilar  ranges  are  composed  of  crystalline  igne- 
ous rocks  largely  of  Mesozoic  age  coupled  with 
some  Prepaleozoic  metamorphic  rocks.  Most  of  these 
rocks  are  highly  altered  because  of  age,  emplace- 
ment, weathering  or  faulting.  The  western  Trans- 
verse ranges  consist  mainly  of  Cenozoic  sedimen- 
tary rocks  which  have  been  uplifted  sind  deformed 
into  east-west  trending  folds  and  reverse  faults 
by  a  predominant  north-south  compression.  Cli- 
matically the  chaparral  environment  displays  a 
strongly  seasonal  precipitation  pattern  which  is 
characteristic  of  the  Mediterranean  climate.  This 
November  to  March  rainy  season  quite  ob-viously 
affects  the  distribution  of  runoff  events.  Super- 
imposed onto  this  seasonal  regime  is  the  oro- 
graphic influence  on  the  spatial  distribution  of 
precipitation.  The  range  of  average  precipitation 
is  from  38cm  (I5in)  near  sea  level  to  over  66cm 
(26in)  at  about  8l7m  (2680ft).  With  this  geologi- 
cal setting  and  climate,  fairly  high  normal  sedi- 
ment yields  shoiold  be  expected  from  southern 
California's  chaparral  watersheds.  This  should  be 
self-evident  by  comparing  the  nature  of  the  phys- 
ical environment  with  those  variables  which  seem 
associated  with  high  sediment  yield,  namely,  sea- 
sonality of  rainfall,  small  size  of  drainage 
basins,  steep  slopes  and  high  relief,  and  precip- 
itation amounts  on  the  order  of  38cm  to  50.8cm 
(I5in  to  20in) .  Given  these  facts  it  is  really 
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qiiite  surprising  that  the  chaparral  watersheds  do 
not  yield  an  even  greater  amount  of  sediment 
under  normal  conditions.  This  might  be  due  to 
litter  acc-umulations  on  the  watershed's  surface 
which  promote  infiltration  and  impede  overland 
flow.  Additionally,  litter  would  absorb  some  of 
the  raindrop  impact  and  reduce  the  dislodging  of 
soil  particles.  From  time  to  time  sediment  yields 
increase  dramatically  due  to  the  interplay  between 
the  factors  of  fire,  highly  variable  annual  pre- 
cipitation totals  and  effects  associated  with 
approaching  thresholds.  The  greatest  sediment 
yields  occur  when  all  three  of  these  factors  com- 
bine as  in  wet  years  after  a  fire  in  an  area  where 
channels  and  slopes  are  near  threshold  conditions. 

One  cannot  talk  of  the  chaparral  of  southern 
California  without  mentioning  fire.  It  appears 
that  fire  is  a  major  environmental  agent  in  shap- 
ing California's  chaparral  (Kanes  1977).  Tem- 
porally, fire  shows  a  distinct  seasonality  occur- 
ring in  the  late  siammer  and  early  fall,  just 
prior  to  the  rainy  season.  Anywhere  from  four  to 
six  months  of  drought  precede  this  fire  season. 
The  dryness  can  be  further  enhanced  by  the 
development  of  Santa  Ana  winds  which  occiir  most 
frequently  during  this  time  of  the  year 
(McCutchan  1977).  The  recurrence  interval  for 
fire  is  extremely  variable  but  under  natural  con- 
ditions it  ranges  from  10  to  40  years  (Muller  et 
al.   1968).  After  fire,  runoff  and  sediment  yield 
increase  well  above  normal.  This  is  probably  due 
in  part  to  the  development  or  enhancement  of  a 
hydrophobic  layer  below  the  soil's  surface 
(DeBano  1966,  1971). 

Mean  annual  precipitation  in  the  Los  Angeles 
basin  as  determined  from  the  period  1960-1979  is 
38cm  and  shows  a  strong  winter  maximum.  For  this 
mean  precipitation  value,  the  variability  should 
exceed  30  percent  (Goudie  and  Wilkinson  1977). 
The  extremely  variable  precipitation  and  its  po- 
tential effects  are  illustrated  by  the  12  year 
period  1 968-69  to  1979-80.  The  water  year  1968-69 
was  an  extremely  wet  one  with  some  66cm  (26in)  of 
rainfall  in  the  lowland  areas  of  the  Los  Angeles 
basin.  High  daily  totals  imply  that  there  were 
many  high  intensity  episodes  in  the  various  storm 
events.  During  the  drought  year  1975-76  only  about 
20cm  (Sin)  of  rainfall  was  recorded  in  the  basin. 
The  wettest  year  in  the  previous  80  years  occurred 
in  the  water  year  1977-78  when  approximately  80cm 
(31.5in)  of  rainfall  were  recorded  in  the  lowlands. 
The  daily  totals  of  precipitation  during  the  1977- 
78  year  were  lower  than  for  the  1968-69  year  im- 
plying lower  intensity  storm  events.  Because  major 
mass  movements  are  related  to  large  magnitude  hy- 
drologic  events,  dry  years  produce  no  debris 
flows,  landslides  and  few  soil  slips.  Tan  (1980) 
has  demonstrated  that  storm  intensities  in  wet 
years  influence  the  timing  and  types  of  mass  move- 
ments. In  very  wet  years  with  high  intensity  storms 
debris  flows  tend  to  be  the  dominant  mass  movement 
type.  This  was  noted  especially  in  January  I969 
storms  (Campbell  1975;  Scott  and  Williams  1978). 
In  the  very  wet  year  1977-73,  although  higher 
total  precipitation  was  recorded,  the  daily  totals 


were  less,  implying  lower  storm  intensities.   . 
Lower  precipitation  intensities  allow  for  greatr 
infiltration  and  subsequent  percolation.  This  '' 
resulted  in  deep  seated  landslides  occurring  wijh 
delay  periods  of  between  2  and  6  months  after 
storms  ended. 

Thresholds  may  be  slowly  approached  or  attadiei 
even  during  the  dry  season.  Studies  have  reveajid 
that  between  one-third  and  almost  one-half  (45 ' 
percent)  of  the  erosion  in  unburned  chaparral 
watersheds  occurs  as  dry  ravel  during  the  dry 
season  (Krammes   1965;  Rice  1974)  •  Anderson  s, 
al.  (1959)  measixred  dry  ravel  yields  of  betwee;j  ■ 
224kg/ha  (2001bs/acre)  to  4300kg/ha  (38001bs/a^l«l 
from  small  watersheds  in  the  San  Gabriel  moun- 
tains. Subsequent  studies  by  Krammes  and  Osbor 
(1969)  have  determined  that  between  one-third  pd, 
three-quarters  of  the  wet  season  erosion  was  asoi 
occurring  as  dry  ravel.  This  would  mean  that  a 
maximum  of  from  63  to  86  percent  of  the  total 
surface  erosion  in  unburned  watersheds  is  occu- 
ring  as  dry  ravel.  Some  of  this  dry  ravel  matei- 
al  may  accumulate  behind  stems  and  trunks  or  uie: 
litter.  However,  most  of  it  finds  its  way  intofl^. 
steep  low  order  stream  channels  where  it  bviild[ii|; 
awaiting  a  storm  of  sufficient  magnitude  to  trig, 
port  it. 

The  greatest  sediment  yields  from  southern 
California  chaparral  watersheds  occur  when  fii, 
a  large  magnitude  event  and  an  approaching  th_rsli 
old  combine.  The  stage  is  generally  set  by  evets 
during  the  fire  season.  Fire  consiames  the  aer:l 
portions  of  most  plants  and,  thus,  the  supporlfo 
much  material  entrapped  by  vegetation  is  lost,!)! 
ravel  may  show  as  much  as  a  9-fold  increase  a_  er 
fire  (Krammes   1965)  .  This  increased  volume  o 
slope  debris  is  added  to  the  gro'y>dng  volume  o 
fill  existing  in  the  stream  channel.  A  veiy  i 
portant  effect  of  fire  in  the  chaparral  is  tb  1 
production  or  enhancement  of  a  water-repellen  j 
layer  caused  by  burning  the  litter.  This  wate.f'|... 
repellent  layer  develops  at  depths  of  between||,!, 
and  5  centimeters  below  the  surface.  The  laye  i?  | 
most  intense  or  best  developed  in  soils  with 
large  amount  of  sand  because  sandy  soils  have 
specific  siirface  to  be  coated  with  hydrophobi 
substances  than  a  silty  or  clayey  soil.  Sandy 
soils  also  have  higher  permeabilities  and  thu 
greater  penetration  of  the  hydrophobic  vapors 
occurs.  This  water-repellent  layer  reduces  th 
effective  moistxare  storage  capacity  of  the  ch 
ral  regolith  from  a  meter  or  so  to  less  than 
centimeters. 


During  the  rainy  season  the  effects  of  wa 
repellency  are  far-reaching.  The  immediate  e 
is  to  reduce  moisture  storage  capacity.  Subs 
quently,  this  reduced  storage  capacity  influd 
infiltration  rates,  overland  flow,  raindrop 
pact,  rill  formation  and  debris  flow  initiatdl 
Satioration  of  the  upper  few  centimeters  of  tlj 
watershed's  regolith  results  in  positive  por( 
water  pressures  and  reduces  the  shear  strenglj 
the  regolith.  The  reduction  in  moisture  stor 
capacity  forces  overland  flow  to  occur  under 
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pitation  amounts  or  intensities  that  would  nor- 
■lly  infiltrate  completely.   With  most  of  a  hill- 
ope   bare   after  fire,   raindrop  impact  entrain- 
■nt  is   increased.   When  coupled  with  sat\iration- 
duced  overland  Tlow,   this  maximizes   svirface 
bsion. 

I  Rills  tend  to  be   a  ubiq\iitous   feature  on  rapid- 
^  eroding,   burned,    chaparral  watersheds.   V/ells 

i  Brown   (in  press)   have  proposed  a  mechanism 

:  formation  of  these   features  which  involves 
r^T  repellency.   Saturation  of  the  upper  few 
titimeters  of  soil  above  the  hydrophobic  layer 
^jults   in  the  development  of  positive  pore  water 
^issure   and  significantly  reduces  the  effective 

•mal  stress.   A  narrow  linear  failure   occurs  in 
'i  near  surface  wettable  layer   above  the  hydro- 
')bic   zone  producing  the  rill.   Fluvial  erosion  in 
fs  newly  formed  rill   scoTors  out  the  water  repel- 
'  it  materials  by  developed  turbulence.   Once  the 

Irophobic  layer  has   been  scoured  out  of  the 
i^l's  bottom  infiltration  may  once   again  occur 
■^  the  full  thickness  of  the  regolith  is   avail- 
^e  for  moisture   storage.    At  this  point   flow  in 
".    rill  may  cease.    In  the   formation  of  these 
i^ls  a  significant   amoTint  of  sediment  may  be 
'■Ided  to  stream  channels. 

Debris   flows   also  contribute  very  large   amounts 
': sediment  to  stream  channels.   These   flows   fre- 
■ifntly  begin  as  soil   slips,   shallow  surface   fail- 
-1s  that   are  often  noticeable  on  the  grassy  hill- 
'flpes  of  southern  California.   Soil  slip  frequen- 
!'-fs  are  maximized  under  post-fire  conditions  with 
'' ti  intensity  storms    (Campbell     1975).   Even  under 
t' erate   storms  pore   fluid  pressures  may  attain 
4nificant  positive  values.    Sediment  yield  poten- 
'iLs  from  soil  slips  can  be  considerable.   Con- 
'Watively,   soil  slip  scars  may  frequently  cover 
i^b  3  percent  of  a  watershed's  surface   after  a 
'•'■'i'Ty  season.    Each  scar  often  has  a  surface  area 
!«;50  to  60m^    (59  to  72yd2)   with  average   depths 
■^naterial  removed  of  about  4-Ocm   (l5.7in).   The 
-lime  of  debris  yielded  from  one  of  these   small 
:'6t)S  would  be  on  the  order  of  20  to  2>i;jn3    (26  to 
■  M^).   In  a  1   hectare    (2.4.7acre)   watershed  with 
.'8  )  3  percent  of  the   surface   scarred  by  soil 
'iJios  having  the  above  conservative  dimensions  the 
ij  .ment  yield  woiiLd  be   on  the  order  of  80  to  120 
m[^OJl^  to   156yd3).   Actual   sediment  yields  from 

watershed  in  any  year  would  depend  on  s\irface 
'flitions   and  storm  magnitudes.   Rice   and  Foggin 
'1 ) ,    for  example,   report  brush  area  sediment 
ds  in  southern  California  of  only  21.1m3/ha 
1966,   a  year  of  moderate  precipitation  whose 
•m  return  period  was  about  9  years.    In  the  wet 

1969  these  brush  area  sediment  yields   in- 
.sed  to  298m^/ha  however  this  was   for  a  storm 
on  with  a  32-year  recurrence  interval. 
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w'-'he   hydrophobic  layer  also  influences  debris 

ds  due  to  sheet  erosion.  For  example,  if  1mm 
t  '4in)  is  removed  from  the  surface   of  a  1  ha 
poifin,  sediment  yield  will  be  some  lOm^  {^3yd?). 
ei.  '   a  lOOha  (24.7 acre)  basin  with  a  hydrophobic 
•.or  r  just  2cm  (O.Sin)  below  the  svrface   there 
jet  be  a  potential  loss  of  18,800m3  (24,400yd-^) 


of  sediment.  Scott  (1971)  reports  that  in  January 
1969  one  small  watershed  on  the  south  flank  of  the 
San  Gabriel  mountains  near  Glendora,  California 
yielded  the  equivalent  of  approximately  6o,000 
m3/ha  (200,000yd3/mi2) . 

Dry  ravel  debris  of  considerable  volume  builds 
up  in  stream  channels  during  the  dry  seasons  be- 
tween fires.  Little  erosion  of  this  debris  occurs 
during  normal  rainy  seasons  in  the  absence  of 
fire.  Post-fire  increases  in  dry  ravel  are  ampli- 
fied during  extremely  wet  years.  Given  a  large 
magnitude  flood  event  such  as  any  of  those  that 
occiirred  in  1968-69,  1977-78,  or  1979-80,  slope 
debris  is  mobilized  as  soil  slips  are  converted 
into  debris  flows.  The  large  volume  of  sediment 
stored  in  the  stream  channels  is  also  mobilized 
and  flushed  out  and  this  reinforces  the  notion  of 
the  higher  magnitude  less  frequent  flood  event 
being  the  principal  fluvial  geomorphic  agent  in 
dr>'  and  subhumid  environments.  The  available 
research  information  would  seem  to  imply  that 
channel  processes  and  sediment  yields  are  time 
evolutionar>'.  That  is,  several  large  storms  of 
similar  magnitudes  will  show  decreasing  sediment 
yields  and  channel  scour  because  the  first  storm 
or  two  removes  most  of  the  available  sediment  and 
exposes  the  bedrock. 

Rice  (1974)  and  Rowe,  et  al.  (1954)  have  dis- 
cussed the  pattern  of  sediment  yield  from  chapar- 
ral watersheds  after  fires.  Post-fire  conditions 
usually  last  for  about  8  to  10  years.  In  the  first 
year  after  fire,  sediment  yields  show  any^ihere 
from  a  5- to  35-fold  increase  over  normal.  In  sub- 
sequent years  the  reduction  in  sediment  yields 
approaching  normaJ^  becomes  apparent.  The  second 
year  after  fire  shows  a  2- to  12-fold  increase, 
third  year  increases  over  normal  are  reduced  to 
0.7- to  7-fold.  This  increased  sediment  yield  drops 
to  zero  after  the  8- to  10-year  recovery  period. 
The  percentage  of  total  sediment  incresise  also 
shows  a  decrease  with  time.  In  the  first  year 
about  55  percent  of  the  total  8- to  10-year  in- 
crease in  sediment  yield  has  occurred.  This  drops 
off  to  about  18  percent  in  the  second  year  fol- 
lowed by  1 1  percent  in  the  third  year  and  7  per- 
cent in  the  fourth.  By  the  end  of  the  first  4 
years  about  91  percent  of  the  total  sediment 
yield  increase  has  occurred. 

CONCLUSIONS 

From  the  foregoingit  can  be  seen  that  erosion 
and  sedimentation  are  normal  and  must,  therefore, 
receive  consideration  in  any  environment.  In  the 
chaparral  environment  of  southern  California  with 
its  tectonically  active  moiintain  masses,  high 
relief,  steep  slopes  and  strongly  seasonal  preci- 
pitation large  normal  sediment  yields  are  to  be 
expected.  Increased  sediment  yields  of  up  to  30 
times  normal  are  also  natural  in  this  environment 
because  of  fire,  approaching  thresholds  and  the 
variable,  seasonal  precipitation. 
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osion  From  Burned  Watersheds  in  San 
jrnardino  National  Forest^ 


"ry  Boyle' 


j'  September  of  1979  a  series  of  fires  in  the 
4,intains  above  San  Bernardino  denuded  about  3700 
:  es  of  valuable  watershed.   The  Harrison  Canyon 
ji.ershed,  within  one  of  the  burns,  had  not 
rji'fered  a  major  fire  since  1953 •   More  than  90/'o 
its  area  burned  in  the  Shadow  Branch  3  fire. 

dominant  vegetation  was  mature  chamise  with 
Attered  pockets  of  scrub  live  oak.   Mild  Santa 

conditions  existed  at  the  time  of  fire, 
suiting  in  an  intensive  burn. 


watershed  drains  into  a  debris  basin  operated 

maintained  by  the  San  Bernardino  County  Flood 
trol  District.   The  basin  was  constructed  in 

mid-19'+0's,  and  was  neither  designed  nor 
ended  to  protect  an  urban  area.   The  area 
ow  Harrison  Canyon  and  the  debris  basin  was 
eloped  in  the  early  1960's  over  the  objections 
the  Flood  Control  District.   Hampshire  Avenue 

to  function  as  a  flood  channel  carrying 
rflow  from  the  basin  to  the  East  Twin  Creek 
od  channel.   Harrison  Basin  had  never  spilled 
its  35  years  of  operation. 

development  below  the  basin  was  typical  urban 
idential,  including  an  elementary  school, 
e  homes  were  located  above  the  basin,  adjacent 
a  gorge  cut  by  the  intermittent  stream 
ining  Harrison  Canyon. 

lowing  the  fire,  an  interdisciplinary  survey 
m  reviewed  the  burned  area.  The  team  was  an 
eragency  effort  with  the  Forest  Service, 
ifornia  Department  of  Forestry,  Soil 
servation  Service,  County  Flood  Control 
strict,  and  the  City  of  San  Bernardino 
ticipating.   Because  of  the  location  of  the 
e,  a  decision  was  made  to  seed  the  burn  with 
^^(ted  Wimmera  rye  grass  applied  at  a  rate  of  l6 
nds  per  acre  (8  pounds  per  acre  of  live  seed), 
d  was  sowed  by  helicopter  in  early  December. 


'Presented  at  the  Symposium  on  Dynamics  and 
.gement  of  Mediterranean-type  Ecosystems,  June 
!6,  1981,  San  Diego,  California. 

'Forest  Hydrologist,  U.S.  Forest  Service,  San 
;ardino  National  Forest,  San  Bernardino, 
.fornia. 


ech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
nent  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 


Abstract :   Following  a  brush  fire  in  September  of 
1979,  a  residential  area  of  San  Bernardino  was  sub- 
jected to  a  series  of  flood  events  brought  on  by 
intense  rains  from  subtropical  storms.   A  majority 
of  the  debris  from  the  small  watershed  above  the 
residential  area  came  from  alluvium  probably  stored 
in  the  channel  for  hundreds  of  years.   Erosion  from 
the  valley  slopes  was  probably  Insignificant  com- 
pared to  channel  scour.   The  interagency  cooperation 
during  burn  rehabilitation  and  flood-fighting  is 
discussed,  as  is  the  current  status  of  the  damaged 
homes  and  those  homes  still  threatened  by  future 
flood  events. 


Fall  and  early  winter  were  very  dry  in  Southern 
California,  with  less  than  one-half  inch  of  rain. 
The  first  major  storm  was  in  mid-January  when 
nearly  7«5  inches  of  rain  fell  over  an  eight-day 
period.   Maximum  one-day  precipitation  was  2.28 
inches.   Runoff  filled  the  Harrison  Canyon  debris 
basin  and  sent  debris  down  Hampshire  Avenue.   The 
street  was  filled,  debris  was  deposited  on  lawns, 
and  some  vehicles  were  slightly  damaged,  but  no 
homes  were  involved. 

Before  the  debris  basin  could  be  cleaned  out,  a 
second  intense  storm  struck,  dropping  three 
inches  the  first  day  and  three  and  a  half  inches 
the  second  day.   Since  the  debris  basin  was 
already  filled,  all  of  the  runoff  was  deposited 
in  Ha-'  _;  l,  s   Avenue,  damaging  about  30  homes  on 
Hampsaire  and  Golden  Avenues.   Sediment  was  about 
eight  feet  deep  in  Hampshire  Avenue.   A  massive 
cleanup  effort  was  organized,  using  the  resources 
of  Federal,  State,  and  local  agencies,  plus 
hundreds  of  volunteers. 

As  residents  were  cleaning  their  neighborhood  and 
preparing  to  make  repairs  to  their  homes,  a  third 
storm  struck  in  mid-February,  depositing  nearly 
13  inches  of  rain  over  a  nine-day  period  and 
again  filling  and  overflowing  the  debris  basin. 
A  total  of  32  homes  along  Hampshire  and  Golden 
Avenues  were  now  involved  in  the  debris  flows. 
Another  massive  cleanup  effort  was  mounted  to 
clear  the  debris.   Some  of  the  homes  were 
abandoned ,  and  a  sandbag  wall  was  constructed 
parallel  to  Hampshire  to  protect  the  homes  should 
another  flood  occur. 

A  fourth  major  storm  in  early  March  again  filled 
the  debris  basin  and  damaged  additional  homes  to 
bring  the  total  number  damaged  to  Ul.   The 
sandbag  wall  was  completely  buried.   At  this 
time,  all  homes  were  abandoned  because  of  the 
recurring  floods  and  the  extensive  structural 
damage  suffered  by  many  of  them. 

By  the  time  the  third  storm  struck,  the  burn 
rehab  team  had  been  reactivated  to  pursue  courses 
of  action  within  the  burned  watershed.   Again,  it 
was  a  multi-agency  effort  of  the  Forest  Service, 
Soil  Conservation  Service,  State  of  California, 
County  of  San  Bernardino,  City  of  San  Bernardino, 
and  the  U.S.  Array  Corps  of  Engineers.   Efforts 
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were  concentrated  on  stopping  erosion  with  gully- 
plugs  and  sandbag  wall  using  a  soil-cement 
mixture  to  act  as  streambank  protection.   Another 
effort  at  seeding  the  watershed  was  made.   All  of 
the  remedial  treatments  were  recognized  as 
stop-gap  measures  pending  major  structural 
improvements. 

The  gully  plugs  and  sandbag  wall  were  constructed 
using  contributed  and  volunteer  labor.   The 
response  of  the  community  was  overwhelming. 
Literally  hundreds  of  volunteers  showed  up  to 
help  in  the  canyon  and  along  Hampshire  and  Golden 
Avenues . 

At  the  height  of  activity,  200  people,  YACC ,  CCC , 
Inmate  Crews,  CETA  and  volunteers,  were  working 
in  the  canyon.   Their  equipment  included  seven 
cement  mixers,  one  dozer,  two  jeeps,  and  one  fire 
engine.   BLM  provided  portable  toilet  facilities. 
Cement  was  delivered  in  bulk  and  stored  in  an 
underground  facility  built  by  the  city.   The 
cement  was  removed  with  a  front-end  loader ,  put 
into  trailers,  and  hauled  by  jeep  to  the  crews 
working  in  the  canyon.   Rebar  was  delivered  to 
the  city  yards  where  it  was  cut  to  length,  then 
delivered  to  the  job  site. 

All  in  all,  the  wall  cost  about  $500,000.   Funds 
were  provided  by  Federal,  County,  and  City 
agencies.   The  State  provided  conservation  camp 
crews  and  California  Conservation  Corps  crews. 
No  estimate  was  made  of  the  value  of  the 
volunteer  labor  force. 

No  accurate  records  exist  of  the  volume  of 
sediment  produced  from  Harrison  Canyon,  but 
estimates  place  the  figure  between  200,000  and 
250,000  cubic  yards,  and  all  of  this  from  a 
watershed  of  less  than  UOO  acres  (320,000  cubic 
yards  per  square  mile). 

During  the  burn  rehabilitation  survey  in 
September,  we  had  estimated  a  sediment  yield  of 
about  36,000  cubic  yards  from  Harrison  Canyon 
(65,000  cubic  yards  per  square  mile).   The  actual 
yield  was  about  five  times  greater  than 
anticipated. 

Most  of  the  sediment  that  came  from  the  watershed 
was  alluvium  stored  in  the  canyon  bottom.   There 
is  now  extensive  rilling  and  gullying  on  the 
valley  sides,  but  the  incised  channel  has  grown 
from  six  feet  deep  and  ten  feet  wide  to  over  35 
feet  deep  in  places,  and  up  to  125  feet  wide. 
The  alluvium  is  probably  on  the  order  of  several 
hundred  years  old.   It  is  poorly  consolidated  and 
readily  collapsed  during  runoff  events.   In  fact, 
it  collapsed  when  there  was  no  runoff. 


The  remedial  treatments  constructed  in  the  canyc 
survived  the  remainder  of  the  winter ,  but  the 
anticipated  major  structural  improvements  failec 
to  materialize.  The  Federal  Emergency  Managemet 
Agency  purchased  the  homes  on  Hampshire  Avenue  < 
the  condition  the  seller  would  deed  them  over  tc 
the  city  and  the  city  would  remove  the  homes  anc 
create  a  floodway.  The  city  is  in  the  process  ( 
having  the  homes  removed  now. 

Most  of  the  public's  attention  was  focused  on  t' 
homes  along  Hampshire  Avenue,  but  the  residents 
above  the  debris  basin  also  suffered.   The  only 
road  providing  access  on  the  west  side  of  the 
canyon  was  washed  out  during  the  third  event, 
while  people  on  the  east  side  of  the  canyon 
progressively  lost  their  landscaping,  support  f 
their  driveways,  and  finally  their  driveways, 
least  two,  and  probably  more,  homes  are  in  dang 
of  suffering  structural  damage  as  the  gorge 
gradually  widens.   While  the  residents  along 
Hampshire  have  at  least  been  compensated  for 
their  losses,  those  above  the  debris  basin  are 
their  own. 

The  real  lesson  to  be  learned  here  is  not  that 
debris  flows  follow  fire.  The  fire-flood 
sequence  in  chaparral  has  been  recognized  for 
years.  The  problem  is  the  urban/wildland 
interface  and  ignorance  of  basic  physical 
processes.  By  allowing  people  to  develop 
f loodplains ,  the  government  is  implying  it  is 
safe,  when  in  fact  it  is  not.  If  there  had  bee 
no  homes  below  Harrison  Canyon,  damage  would  ha 
been  minimal.  Some  orange  groves  and  a  road 
might  have  been  damaged  or  destroyed ,  and 
someone's  income  disrupted,  but  the  human 
suffering  and  total  dollar  damage  would  have  be 
insignificant  compared  to  what  transpired. 
Floods  are  only  one  part  of  the  interface 
problem.  That  was  brought  home  very  forcefullj 
last  November  when  the  Panorama  fire  destroyed 
28U  homes.  Most  of  them  were  located  in  a 
typical  urban  setting,  not  scattered  through  tl: 
chaparral.  That  fire  has  stimulated  renewed 
interest  in  the  greenbelt  concept.  Whether  the 
concept  will  be  pursued  and  become  an  actualitj 
remains  to  be  seen. 


Interestingly,  one  of  the  first  things  we  facec 
following  the  Panorama  fire  was  a  proposal  to 
develop  an  orange  grove  and  construct  homes 
immediately  adjacent  to  National  Forest  lands. 
These  homes  would  be  subj  ect  to  both  fire  and 
flood  should  they  be  built.   In  fact,  the 
Sycamore  fire  of  last  November  scorched  some  o 
the  trees  in  the  grove.   The  final  decision  on 
the  fate  of  this  new  development  has  not  yet  b( 
made. 
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;timating  Hydrologic  Values  for  Planning 
'ildland  Fire  Protection^ 


nry  W.  Anderson  and  Clinton  B.  Phillips- 


Abstract:   Expected  effects  of  wildland  fires  on 
hydrologic  values  have  been  indexed  by  11  hydro- 
logic  parameters  of  floods,  sedimentation  and 
water  supply.   Coefficients  and  watershed  attri- 
butes from  10  multiple-regression  models  are  used 
to  distribute  measured  hydrologic  parameters 
throughout  each  watershed.   Other  coefficients 
are  used  with  present  fire  condition  and  fire 
frequency  to  estimate  changes  in  the  hydrologic 
parameters  for  four  fire  conditions:   unburned , 
1  percent  average  annual  burn,  after  a  100  percent 
burn,  and  after  a  burn  of  10,000  acres  (3900  ha). 
Application  is  illustrated  for  north  coastal, 
Sierra  Nevada,  and  southern  California  watersheds. 


j  Among  the  principal  criteria  for  planning  a 
[stem  of  wildland  fire  protection  are  measures 
I  the  values  being  protected.   In  addition  to 
Iman  occupancy  and  improvements,  these  values 
:clude  timber,  range,  wildlife  and  wildlife 
Ibitat,  recreation,  and  watershed  or  hydrologic 
^lues.   The  cost  of  protecting  these  values  is 
ilated  to  the  economic  and  social  benefits  ex- 
fcted  from  them,  the  net  effects  that  wildfire 
kjld  have  upon  them  in  the  absence  of  protection, 
t?  changes  in  fire  effects  that  can  be  achieved 
b  various  levels  and  practices  of  fire  protec- 
tin,  and,  of  course,  the  people's  ability  and 
*  lingness  to  pay  for  protection  (Phillips  1977). 

The  expected  net  effects  of  wildfire  on  hydro- 
l;ic  values  in  a  watershed  are  proportional  to 
!  the  hydrologic  potential  values  in  the  water- 
's d  in  the  absence  of  fire,  (b)  the  probability 
)  fires  occurring  at  different  sizes  and  fre- 
I  ncies  under  various  levels  of  protection  in  the 
I  a,  and  (c)  the  effects  of  those  fires  on  the 
I  rologic  potential  values. 

The  authors  have  used  the  results  of  several 
^iivious  studies  to  develop  a  procedure  for 

itsuring  the  expected  net  effects  of  wildfires  on 
.;rologic  values  located  in  the  area  protected  by 

I  California  Department  of  Forestry. 

ti 
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TOLOGIC  OUTPUT  PARAMETERS 


rhe  earlier  studies  found  that  hydrologic 
Jes  may  be  indexed  by  measuring  output  para- 
5rs  of  floods,  sedimentation,  and  water  supply: 

''loods :   Annual  maximum  daily  streamflow;  10- 


"  maximum  daily  flow;  and  flood  overflow  rate, 
iedimentat ion :   Deposition  in  reservoirs, 


inels,  and  overflow  areas;  suspended  sediment 
harge;  and  sedimentation  from  roads. 


Presented  at  the  Symposium  on  Dynamics  and 
gement  of  Mediterranean-type  Ecosystems, 
22-26,  1981,  San  Diego,  California. 

Consulting  Hydrologist,  Lafayette.  California, 
listant  Chief  of  Fire  Protection,  California 
ijrtment  of  Forestry,  Sacramento,  California, 
isectively . 


B'ech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
nent  Station.  Forest  Service,  U.S.  Depanment  of  Agriculture;  1982. 


Water  Supply:   Mean  annual  streamflow;  median 
annual  minimum  daily  flow;  10-year  annual  minimum 
daily  flow;  average  sediment  concentration  in 
streamflow;  and  turbid  streamflow  in  days  per 
year  and  its  effects  on  water  supply,  fishability, 
and  aquatic  habitat  and  fish  production. 


WATERSHED  ATTRIBUTES 

Optimum  management  of  the  parameters  of  floods, 
sedimentation,  and  water  supply  with  and  among 
groups  of  watersheds  requires  evaluation  of  the 
contribution  of  the  sources  and  causes  of  differ- 
ences in  those  output  parameters.   The  earlier 
hydrologic  studies  identified  the  attributes  of 
individual  watersheds  that  can  be  measured  to  ex- 
plain differences  in  hydrologic  output  parameters 
between  watersheds. 

The  use  of  measured  outputs  from  many  water- 
sheds with  diverse  attributes  makes  it  possible 
to  evaluate  the  independent  effect  of  an  attribute 
on  the  hydrologic  output  parameters  from  water- 
sheds.  Different  values  of  attributes  produce 
different  amounts  of  a  hydrologic  output  parameter. 
Therefore  different  parts  of  watersheds  with  those 
differences  in  attributes  may  be  reasoned  to  also 
contribute  those  relative  differences  in  the 
amounts  of  the  output  parameters. 

Watershed  attributes  and  the  distribution  of 
attributes  within  watersheds  were  taken  from  aerial 
photographs  and  from  maps  of  precipitation,  topo- 
graphy, geologic  rock  types,  landslide  potential, 
and  land  use.   They  were  taken  also  from  the 
results  of  studies  of  the  relation  of  specific 
attributes — such  as  rain/snow  frequency,  soil 
texture,  and  density  of  sediments--to  mapped  and 
photo-interpreted  attributes. 

Principal  component  and  multiple  regression 
analysis  were  the  statistical  tools  used  to  test 
independence  among  the  attributes  to  be  evaluated 
and  to  evaluate  the  quantitative  relation  of  each 
attribute  (or  variables  expressing  an  attribute) 
to  measured  hydrologic  output  parameters.   As  many 
as  29  variables  were  used  in  a  single  evaluation. 
Several  variables  might  be  used  for  a  single 
attribute.   For  example,  9  variables  represented 
the  geology  attribute.   As  few  as  23  and  as  many 
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as  95  watersheds  were  used  to  make  the  evaluations 
in  the  different  studies.   The  principal  attri- 
butes and  their  variables  used  in  evaluating 
watershed  outputs  or  in  distributing  hydrologic 
output  parameters  to  their  sources  within 
watersheds  were: 

Meteorological  Attributes:  Mean  annual  precip- 
itation; rain/snow  frequency;  and  storm  and  pre- 
storm  precipitation. 

Soil-Geologic  Attributes:   Geological  rock 
types;  landslide  potential;  and  soil  texture. 

Topographic  Attributes:   Area-elevation;  slope 
of  tributary  streams;  shape  of  watershed;  and 
channel  morphology. 

Hydrologic  Attributes:   Daily  streamflow; 
annual  peak  flow;  sediment  concentration;  and 
periodic  reservoir  deposition. 

Land-Use  and  Condition  Attributes:   Fire  fre- 
quency; vegetation  types;  timber  harvest;  and 
roading . 

Specific  variables  and  units  used  in  the  analyses 
are  given  in  Table  1. 

The  distribution  of  attributes  in  a  watershed 
was  estimated  from  measured  hydrologic  output 
parameters.   The  contribution  of  each  area  of  the 
watershed  to  each  hydrologic  output  parameter  was 
estimated  through  the  use  of  one  or  more  of  10 
multiple  regression  models  developed  in  earlier 
studies.   The  models  were  applied  also  to  water- 
sheds for  which  no  hydrologic  output  parameters 
had  been  measured.   This  application  was  made  by 
relating  the  watershed  to  an  adjacent  watershed 
which  had  been  studied  and  which  had  other  known 
attributes  similar  to  those  of  the  unmeasured 
watershed . 


FOREST  FIRE  ATTRIBUTES 

Several  attributes  of  forest  fires  are  used  in 
this  procedure  to  index  the  effects  of  wildfires 
on  hydrologic  output  parameters  from  watersheds. 
The  attribute  selected  for  a  given  watershed 
depends  on  the  available  data  and  how  a  particular 
hydrologic  output  parameter  might  be  affected  by 
wildfire.   Thus,  the  procedure  for  northern 
California  watersheds  uses  the  total  area  of  burns 
in  the  10  years  prior  to  a  measurement  in  evalu- 
ating the  effects  of  fire  on  suspended  sediment 
discharge  and  on  all  streamflow  parameters.   That 
procedure  also  uses  fire  "effectiveness,"  depleted 
year  by  year  for  26  years,  for  reservoir  deposi- 
tion.  The  procedure  for  southern  California 
watersheds  uses  the  effect  of  fire  on  cover 
density  and  the  recovery  of  cover  density  to  in- 
dex the  effects  of  fires  on  flood  peaks  and  reser- 
voir sedimentation  (Table  1). 


Table  1 — Variables  and  fire  effects  used  in  anslys 


Symbol   b   Description  and  unit 


MAQ 

9 

DQ 

13 

QTEN 

22 

QM 

48 

QMIO 

39 

QP 

10 

FL 

38 

SS 

171 

SC 

TD 
RD 

eD 

q 

Ql 

DQl 

QIC 

QMl 

QMlOl 

MAP 

^4 
aP 

RRA 

EL 

LAT 

AVLS 

AVLS 

C(t) 

t 

AVER 

UNBR 

lOM 

Ach 

k 


149 

49 
17 


Mean  ann.  streamflow  (in.  dep./yr.) 
Median  max.  ann.  daily  Q  (cfs/mi  ) 
Max.  daily  Q  in  10  yrs .  (cfs/mi  } 
Median  ann.  min.  daily  Q  (cfs/mi  ) 
10-yr.  min.  daily  Q  (cfs/mi  ) 
Peak  Q  of  storm  or  yr.  (cfs/mi  ) 
Flood  channel  overflow  (cfs/mi  ) 
Suspended  sediment  discharge 

(T/mi  /yr.) 
Average  suspended  sediment  cone. 

(mg/1) 
Turbid  days  with  SC  in  a  class  (pel 
Reservoir  deposition.  No.  Calif. 

(m^/h/yr.) 
Reservoir  deposition,  So.  Calif. 

(AF/mi  /ry)  ^ 

Ann.  peak  streamflow  (cfs/mi  ) 
Isoline  of  MAQ  (in./yr.) 
Isoline  of  DQ  (cfs/mi  } 
feoline  of  QTEN  (cfs/mi  ) 
Isoline  of  QM  (cfs/mi  )„ 
Isoline  of  QMlO  (cfs/mi  ) 
Mean  ann.  precipitation  (in./yr.) 
Max.  24-hr.  precipitation  (in.) 

Antecedent  precipitation  during  21 

days  before  a  storm  (inches) 
Snow  area,  frequency  of  snow  vs. 

rainstorms  (pet.) 
Elevation  (feet) 
Latitude  north  (degrees) 
Landslide  potential,  per  Radbruch 

Crowther  (class) 
Landslide  potential  adjusted  for 

Ql  (class) 
Vegetation  cover  density  (pet.) 
Time  since  area  burned  (years) 
Average  ann.  burned  area  (pet.) 
Unburned 

10,000  acre  fire  in  watershed 
Area  of  main  channel  (acres/mi  ) 
Any  constant 


"b"  is  the  percentage  increase  of  the  hydi 
logic  output  parameter  for  each  one  percent  oi 
average  annual  burn;  the  "b"  value  for  TD,  q, 
FP  depend  on  individual  watershed  attributes. 


The  general  model  used  to  adjust  each  hydrol 
parameter  for  different  fire  conditions  is  th 
the  present  measured  value  of  the  hydrologic  jl 
ameter  is  multiplied  by  the  regression  coeffi(e 
for  fire  times  the  change  in  the  parameter  be 
cause  of  fire.   The  hydrologic  output  for  pre 
fire  conditions  is  adjusted  to  4  fire  conditi 
or  effects:   (1)  unburned  condition;  (2)  chan; 
induced  by  an  average  annual  burn  of  one  perc 
of  the  watershed;  (3)  changes  induced  by  a  10 
acre  burn  within  the  watershed  (both  the  firs 
year's  effect  after  the  fire  and  the  average 
nual  effect  over  10  years  following  the  fire) 
(4)  changes  induced  by  a  conflagration  that  i' 
eludes  the  entire  watershed  (again,  both  the 
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:irst  year's  effect  after  the  fire  and  the  average 
innual  effect  over  10  years  following  the  fire). 

Changes  in  the  hydrologic  output  parameters 
lay  then  be  translated  into  potential  economic 
,nd  social  effects.   These  effects  are  related  to 
ocal  and  regional  demands  for  water  supply, 
tility  of  reservoirs,  fish  production  and  fisha- 
ility,  transportation  systems,  and  to  human 
ccupancy,  property,  and  land-use  within  the  2- 
0  100-year  flood  plains.   These  economic  and/or 
ocial  indexes  then  provide  one  basis  for  plan- 
ing and  evaluating  alternative  systems  of  wild- 
and  fire  protection. 


:ONOMIC  MODEL 

The  general  form  of  the  economic  equation  is: 
le  change  in  watershed  value  because  of  fire  is 
jual  to  the  normal  state  in  a  particular  hydro- 
)gic  output  parameter  times  the  change  in  that 
irameter  because  of  fire,  times  the  change  in 
ilue  (in  dollars)  per  unit  of  that  parameter. 
)  determine  the  total  change  in  watershed  values 
icause  of  fire,  these  dollar  values  are  summed 
It  all  11  hydrologic  output  parameters. 

The  general  model  represents  our  present  know- 
dge.   It  is  not  complete.   It  does  not  include, 
r  example,  measures  in  the  changes  of  soil  pro- 
ctivity  or  of  in-stream  chemistry.   There  are 
raply  no  good  or  easy  ways  at  present  to  measure 

lose  changes  due  to  fire.   Further  research  will 

^ad  to  better  models  in  the  future. 


iOCEDURE  FOR  MEASURING  FIRE  EFFECTS  ON  HYDRO- 
|3IC  OUTPUT  PARAMETERS 

Three  steps  are  involved  for  each  of  the  11 
Idrologic  output  parameters:   (1)  estimating 
ble-watershed  outputs;  (2)  determining  the  dis- 
ibution  of  partial  watershed  contributions;  and 
)  estimating  the  change  in  each  hydrologic  out- 
parameter  with  fire. 


These  steps  will  be  illustrated  in  detail  for 
-y  one  of  the  11  parameters;  details  of  calcu- 
:ions  for  other  parameters  of  streamflow,  flood 
)Ws,  sedimentation,  and  water  quality  are 
lilable  upon  request. 

Flood  and  sedimentation  estimates  for  southern 
ifornia  watersheds  will  be  described  later. 


re  !• 

:i 


imating  Streamflow  Parameters  for  Watersheds 

Average  annual  streamflow,  median  daily  maxi- 
flow,  10-year  maximum  daily  flow,  median 


Estimating  hydrologic  values  for  planning 
dland  fire  protection.   Henry  W.  Anderson  and 
aton  B.  Phillips,  Calif.  Dept.  of  Forestry, 
5  Ninth  St.,  Sacramento,  California  95814. 
,  illus.   File  Report,  1981. 


daily  minimum  flow,  and  10-year  minimum  daily  flow 
may  be  taken  directly  from  published  tabulations 
of  the  U.S.  Geological  Survey  (1971).   Flood  over- 
flow is  taken  as  the  10-year  maximum  flow  minus 
the  median  annual  daily  maximum  flow. 


Distributing  Streamflow  Parameters  Within 
Watersheds 

Mean  annual  streamflow  (MAQ)  by  itself  is  an 
important  hydrologic  output  parameter.   It  is 
also  an  important  attribute  for  evaluating  and 
explaining  sedimentation,  landslide  potential, 
and  water  quality.   As  a  hydrologic  output  param- 
eter, mean  annual  streamflow  explains  the  filling 
of  reservoirs  having  holdover  (more  than  one  year) 
capacity.   As  an  attribute  of  watersheds,  mean 
annual  streamflow  is  an  important  variable  of  the 
spatial  variation  of  the  meteorological  potential. 
Therefore,  the  distribution  of  mean  annual  stream- 
flow  within  a  watershed  is  evaluated  first. 

To  make  this  distribution,  we  use  Equation  (1) 
from  Table  2  (Anderson  1975).  A  first  approxima- 
tion of  k  in  the  equation  is  calculated  by  taking 
the  distribution  of  mean  annual  precipitation 
(map)  from  the  state  isohyetal  map  (U.S.  Geologi- 
cal Survey  1969)  together  with  the  measured 
streamflow  and  the  relation  of  streamflow  to  pre- 
cipitation . 


Table  2 — Equations  used  in  analysis. 

(1)  MAQ  =  k  +  0.442  MAP  +  .004318  MAP^  - 

0.128   RRA 

(2)  RRA   =    100    |l    -  [el    -    250    (LAT    -    46)    / 

(LAT  X    10^)]} 

(3)  AMAQ/AAVBR    =    antilog    (  0  .  0378  AAVBR) 

(4)  DQ   =   k   +   0.627  MAP    +    .00592  MAP      +    0.91    RRA 

(5)  QTEN   =   k   +    1.325  MAP   +    0.013  MAP   +   0.078   RRA 

(6)  log  QM   =   k   +    0.774    log  MAP    -    .0081    RRA   + 

0.620    log   EL 

(7)  logQMlO   =   k    +    0.5061    log   MAP    -    .0061    RRA   + 

0.4127    log   EL  

(8)  bg  SS  =  k  +  0.335  log  Ql  +  0.214  AVLS 

(9)  AVLS   =  AVLS  +1.68  log  (Ql/MAQ) 

(10)  bgRD  =  k  +  0.1397  log  MAP  +  .0255  log 

MAP   -  .0128  SA 

(11)  SS  =  RD  ((silt  +  clay  -  32)  x  0.045) 

(12)  SC  =  13.79  (SS/Ql) 

(13)  C(t)  =  C^,.   +  C^,    (1 
Min     Max 


-kt. 
e    / 


(14)  log  FP  =  1.293  +  1.082  log  area  +  1.870  log 

P  +  0.474  log  aP  -  0.825  log  C 

as)  logeD  =  1.041  +  0.866  log  FP  -  1.236 

log  C  +  0.371  log  Ach 


Isolines  of  mean  annual  streamflow  for  selec- 
ted values  (Ql)  are  drawn  parallel  to  MAP  lines 
by  substituting  values  of  Ql  for  MAQ  in  Equation 
(1)  and  using  the  computed  value  of  k. 
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Mean  annual  streamf low  must  be  adjusted  for 
different  contributions  of  rain  and  snow  storms 
(RRA)  in  those  areas  where  both  types  of  precipi- 
tation occur  (Anderson  1975).   The  percent  of 
rain-versus-snow  storms  is  given  in  Anderson  and 
Wallis  (1963).   It  may  be  approximated  by  our 
Equation  2,  using  latitude  (LAT)  in  degrees  North 
and  elevation  (EL)  in  feet. 


Measuring  Fire  Effects  on  Mean  Annual  Streamflow 

The  primary  effect  of  fire  on  mean  annual 
streamflow  is  on  the  availability  of  water  for 
all  uses.   If  MAQ  is  increased,  there  probably  is 
an  increased  economic  value.   But  if  the  increased 
MAQ  occurs  mostly  in  a  relatively  short  period  of 
time,  and  is  accompanied  by  an  increase  in  sus- 
pended sediment  then  the  effect  could  be  a  nega- 
tive economic  value. 

To  evaluate  the  effects  of  mean  annual  stream- 
flow,  it  is  necessary  to  measure  the  average  an- 
nual percent  of  an  area  burned  (AVBR)  associated 
with  the  particular  mean  annual  streamflow.   That 
measurement  is  obtained  from  historical  fire 
records  of  the  appropriate  fire  protection  agen- 
cies.  The  change  in  mean  annual  streamflow  be- 
cause of  the  effects  of  fire  (MAQAVBR)  is  given  by 
Equation  3,  Table  2  (Anderson  1975).   Other  changes 
in  mean  annual  streamflow  are  given  by  the  follow- 
ing formulas  (terms  are  defined  in  Table  1): 

For  the  unburned  condition: 


MAQUNBR 


MAQAVBR/antilog 
(0.0378  X  AVBR) 


For  the  1  percent  annual  burn: 

MAQlpct.  =  MAQUNBR  x  antilog  (0.0378  x  1) 
=  MAQUNBR  X  1.09 

For  the  100  percent  burn,  1  year  after  the 
fire  (MAQ  100  pet.):   No  positive  estimate  of 
this  parameter  can  be  made  because  the  effects  of 
a  fire  are  dependent  on  the  soil  moisture  rela- 
tions, precipitation,  and  recovery  of  vegetation. 
Study  of  the  Tillamook  Burn  in  Oregon  (Anderson 
1976(b)  showed  a  16-year  increase  of  11  percent  in 
mean  annual  streamflow.   Using  this  figure  as  an 
estimate,  we  get  a  first  year  increase  in  MAQ  of 
21  percent: 


MAQ  100  pet.  =  MAQUNBR   100  +  (11 
=  MAQUNBR  X  1.21 


1)   AOO 


For  the  10,000-acre  burn,  1  year  after  the  fire 
(MAQIOMAC):   We  calculate  the  average  effect  over 
10  years  from  the  ratio  of  the  10,000  acres  burned 
to  the  area  of  the  whole  watershed  times  the  21 
percent  obtained  for  MAQlOOpct.   Multiplying  this 
effect  by  2  gives  the  first-year  effect. 


MAQIOMAC 


MAQUNBR 
(WPUA 


(10000  X  1.21) 
-  10000) /WPUA 


Median  maximum  annual  daily  streamflow  (DQ)  : 
distributed  on  the  basis  of  the  distribution  of 
MAP,  using  the  relation  of  DQ  to  MAP  and  RRA  in 
Equation  4,  Table  2  (Anderson  1975)  and  the  k 
value  for  that  watershed. 


Ten-year  maximum  daily  streamflow  (QTEN)  is 
distributed  on  the  basis  of  the  distribution  of 
MAP,  using  the  relation  of  QTEN  to  MAP  and  RRA 
from  the  regression  results  of  Anderson  (1975) 
Equation  5,  Table  2,  and  the  k  value  for  that 
watershed . 

The  flood  overflow  (FL)  contribution  of  wate 
shed  parts  is  taken  as  the  difference  between  t 
QIO  isolines  and  the  median  daily  flow  isolines 


I 


' 


i 


For  watershed  areas  without  measured  stream-  '" 
flow,  flow  from  a  similar  watershed  area  may  be 
used  to  make  estimates  of  QIO  and  DQ.   The  10 
year  flow  is  particularly  sensitive  to  the  con-j 
trast  of  basalt-versus-granite  geologic  rock 
types  (Anderson  1975). 

The  annual  (median)  daily  flow  (QM) ,  read  fi 
tabulations,  may  be  distributed  to  get  an  esti- 
mate of  the  "relative  contribution  of  watershe 
parts"  by  relation  to  the  distribution  of  mean 
annual  precipitation  (MAP),  rain-versus-snow 
frequency  (RRA),  and  mean  elevation  in  feet  (El 
from  Equation  6,  Table  2  (Anderson  1975),  and 
k  value  for  that  watershed. 

10-year  minimum  daily  streamflow  (QMlO)  is 
indicator  of  drought  and  may  have  special  inte 
est  in  some  areas.   To  the  extent  that  forest 
fires  might  help  to  mitigate  that  drought  prob 
by  causing  the  release  of  additional  water,  fi 
might  have  a  beneficial  effect.   The  contribut: 
of  parts  of  watersheds  to  QMlO  may  be  estimate] 
from  Equation  7,  Table  2,  and  the  k  value  for 
that  watershed. 


Distributing  Other  Streamflow  Parameters  Withi 
Watersheds 


The  other  selected  streamflow  parameters — 
maximum  annual  daily  streamflow  (DQ),  lO-year 
maximum  daily  streamflow  (QTEN),  flood  overflc 
(FL) ,  minimum  annual  daily  streamflow  (QM) ,  a: 
10-year  minimum  daily  streamflow  (QMlO) — are 
distributed  by  methods  similar  to  that  used  f 
MAQ,  above,  by  applying  Equations  4  to  7, 
Table  2. 


Measuring  Fire  Effects  on  Other  Streamflow 
Parameters 


Fire  effects  on  the  other  streamflow  param 
eters  are  calculated  by  methods  similar  to  th 
used  for  fire  effects  on  MAQ,  previously  outl 
but  using  the  appropriate  value  of  "b",  the  o 
percent  effect  (see  the  footnote  for  Table  1) 
See  footnote  3  on  how  to  obtain  further  detai 
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jtimating  Sedimentation  Parameters  for  Watersheds 


Measuring  Fire  Effects  on  Sediment  Parameters 


Suspended  sediment  discharge  and  deposition  of 
diment  in  reservoirs  provide  the  quantitative 
se  for  evaluation  of  sedimentation.   Suspended 
diment  parameters  are  estimated  from  published 
ily  sediment  concentration  measurements,  stream- 
ow  frequency,  and  the  relation  of  sediment  con- 
ntration  to  streamflow.   This  procedure  gives 
rectly  (1)  the  average  sediment  concentration, 
)  the  product  of  sediment  concentration  and 
erage  annual  streamflow  which  is  suspended  sedi- 
nt  discharge,  and  (3)  the  frequency  both  of 
rcent  of  turbid  days  (TD)  and  percent  of  volumes 

water  by  sediment  concentration  classes.   These 
riables  are  related  to  water  quality  (Anderson 
79,  Table  1).   Reservoir  depositions  are  taken 
rectly  from  published  measurements.   Summaries 
ve  been  published  by  the  Soil  Conservation  Ser- 
ce  (1965)  and  periodically  by  other  agencies 
ch  as  flood  control  districts,  state  and  federal 
periment  stations,  and  by  interagency  river 
sin  committees. 


stributing  Suspended  Sediment  Parameters 
hthin  Watersheds 

As  a  basis  for  sediment  management,  the  sources 
c  sediment  parameters  provide  the  best  basis  for 
aLocating  resources  and  providing  fire  protec- 
t5n.   Measurements  of  sediment  discharge  (SS), 
siiraent  concentration  (SC),  and  turbid  days  (TD) 
f)m  a  watershed  may  be  distributed  based  on  the 
dstribution  of  mean  annual  streamflow  (Ql),  the 
lidslide  potential   (AVLS)  (Radbruch  and  Crowther 
X'3),  and  the  relation  of  suspended  sediment  dis- 
cirge  to  these  two  variables  obtained  from  multi- 
p  regression  analysis,  Equations  8  and  9,  Table 
2  Anderson  1979).   Again  a  separate  k  value  is 
ciputed  for  each  watershed. 

For  a  watershed  for  which  no  suspended  sedi- 
mit  discharge  has  been  measured  previously, 
s  ;pended  sediment  discharge  and  the  distribution 
'0  SS  classes  may  be  estimated  from  a  nearby 
'  lown"  watershed.   The  measurements  of  the  "known" 
y  ershed  are  adjusted  to  account  for  differences 
i  the  attributes  of  the  "known"  and  "unknown" 
<»  ersheds,  using  appropriate  coefficients  for 
r  d  effects  (Anderson  1975)  and  other  variables 
f  n  Anderson  (1979)  . 

If  suspended  sediment  (SS)  is  the  desired  param- 
-  r,  but  only  reservoir  deposition  (RD)  has  been 
ii<  sured  in  a  watershed,  SS  may  be  approximated  by 
•:  ng  the  estimated  silt  and  clay  content  of  the 
i' 1  (Anderson  1954).   Substituting  silt  and  clay 
^Equation  11,  Table  2,  gives  a  correction  factor 
•  <  RD.   Silt  plus  clay  may  be  estimated  for 
;' logic  rock  types,  elevation,  and  latitude  from 
"fations  developed  by  Wallis  and  Willen  (1963)  or 
:im  soil  surveys  where  soil  series  and  types  have 
'<  n  established. 


The  effects  of  fire  on  sediment  discharge, 
sediment  concentration,  reservoir  deposition,  and 
turbid  days  have  economic  impacts  in  3  areas: 
water  quality,  water  use,  and  property  damage. 
Adjustment  of  sediment  parameters  may  be  made  in 
a  manner  similar  to  that  for  streamflow,  using 
the  "b"  value  from  Table  1. 

The  effect  of  the  4  fire  conditions  on  sedi- 
ment-induced losses  of  water  suitable  for  domestic 
or  other  uses  or  for  aquatic  habitat,  if  relatable 
to  turbid  days  (TD)  or  turbid  volumes  (TV),  may 
be  estimated  from  the  changes  brought  about  by 
fire  on  suspended  sediment  concentration  and 
streamflow  frequency.   The  new  streamflow  and  new 
sediment  concentration  are  substituted  in  the 
frequency  table  (Anderson  1979,  Table  1).   That 
step  gives  the  difference  in  the  volumes  of  suit- 
able water  provided  by  the  various  fire  conditions, 


Distribution  of  Reservoir  Deposition  to  Parts  of 
Watershed 

Rates  of  reservoir  deposition  contributed  by 
parts  of  watersheds  may  be  obtained  by  analogy  to 
suspended  sediment  discharge,  using  Equations  10 
and  11,  Table  2.   Fire  effects  on  reservoir 
deposition  may  be  estimated  from  the  "b"  value, 
the  one  percent  burn  effect,  from  Table  1. 


WATERSHED  VALUES  AFFECTED  BY  FIRE  IN  SOUTHERN 
CALIFORNIA 

The  brushland  watersheds  of  southern  Calif- 
ornia and  south  coastal  California  require  a 
special  evaluation  of  watershed  values  affected 
by  fire.   In  those  areas  a  system  of  models  can 
be  used  that  is  simpler  than  those  used  for 
northern  California. 

Several  characteristics  of  the  system  make  it 
possible  to  keep  its  calculation  quite  simple: 
(a)  flood  peaks  (QP)  and  sedimentation  (eD)  from 
the  watersheds  are  related  to  the  vegetation  cover 
density  (C)  on  the  watersheds;  (b)  the  cover  den- 
sity for  each  vegetative  and  geologic  type  is 
related  to  the  age  classes  (t)  of  the  vegetation 
which  in  turn  are  related  to  forest  fires;  and 
(c)  two  rather  simple  precipitation  parameters 
(P  .  and  aP)  and  past  records  of  streamflow  give 

a  basis  for  correcting  past  frequencies  and  for 
estimating  expected  future  flood  events  and, 
hence,  flood  and  sedimentation  damages  under 
different  fire  protection  programs. 

The  cover  density  (C)  varies  with  time  (t)  from 
the  fire  as  shown  in  Equation  13,  Table  2,  with 
the  coefficients  Min,  Max,  and  k  varying  among  13 
cover  types  and  three  geologic  types  (Anderson  and 
Trobitz  1949). 
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On  the  basis  of  Equation  14,  Table  2,  a  second 
model  (Anderson  1949)  relates  reservoir  deposi- 
tion to  the  size  of  floods,  cover  density,  and 
channel  conditions  (Equation  15,  Table  2).   For 
reservoir  deposition  in  T/mi^/yr.,  the  constant 
is  4.342  instead  of  1.041  (assuming  2,000  tons 
per  acre-foot) . 

Fire  Effects  on  Sediment  Discharge  and  Flood  Peaks 

Fire  effects  on  sediment  discharge  and  flood 
peaks  have  been  calculated  for  many  southern 
California  and  south  coastal  California  water- 
sheds.  Data  for  41  watersheds  are  summarized  in 
Anderson  (1949).   Data  for  other  watersheds  are 
given  in  USDA  Flood  Control  Reports  (1949-1952). 
The  "b"  values  (Table  1)  for  one  percent  annual 
burn  apply  to  Big  Dalton  watershed  only. 


DISCUSSION 

Application  of  the  above  procedures  has  been 
illustrated  for  individual  tributaries  of  the 
Russian  River  watershed  (1700  mi2,  4400  km^)  in 
the  north  coast,  the  Bear  River  watershed  (150 
mi  ,  389  km^)  in  the  Sierra  Nevada,  and  the  Big 
Dalton  (4.4  mi^,  11  km^)  watershed  in  southern 
California.   Maps  showing  the  distribution  of 
each  streamflow  and  sediment  parameter  within  the 
two  northern  California  watersheds  have  been  pre- 
pared; tables  give  measures  of  the  hydrologic 
parameters  for  watershed  tributaries  and  fire 
planning  units  for  various  burn  conditions.   With 
the  Russian  River  watershed,  for  example,  mean 
annual  streamflow  varied  for  15  to  50  inches 
(380  to  1270  mm),  mean  annual  suspended  sediment 
discharge  varied  from  100  to  9400  tons/mi^  (35  to 
3300  tonnes/km2),  and  average  suspended  concen- 
tration varied  from  90  to  2600  mg/liter. 

Further  refinement  in  the  maps  may  be  made  by 
application  of  the  regression  coefficients  for 
differences  in  local  slope,  geologic  fault  areas, 
soil  texture  and  erodibility,  and  land  use. 

We  must  ask,  are  the  hydrologic  effects  of  a 
succession  of  burns  different  than  the  effects  of 
a  single  burn?  Two  studies  have  indicated  cumula- 
tive effects  or  non-recovery  following  burns: 
the  effects  of  "old  fires"  on  sediment  discharge 
from  the  1938  flood  in  southern  California  (Ander- 
son and  Trobitz  1949)  and  the  effects  of  high  ele- 
vation brushfields  resulting  from  repeated  burning 
attributed  to  early  sheepherders  (Anderson  1974). 

The  adjustment  of  hydrologic  outputs  for  ex- 
pected fire  frequency  under  various  levels  and 
practices  of  fire  protection  gives  a  basis  for 
allocating  protection  funds  for  maximum  economic 
and  social  benefits. 


Henry  W.  Anderson  and  Clinton  B.  Phillips, 
op.  cit . 
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iland  Research  Needs  in  the  Southern 
lifornia  Inland/Coastal  Sediment  System^ 

;nt  D.  Taylor^ 


Abstract:   For  the  past  several  years  Caltech  in 
cooperation  with  several  agencies  has  been 
studying  the  regional  sediment  system  in  coastal 
southern  California.   The  first  key  element  in 
this  system  are  the  upland  catchments  which 
deliver  geological  debris  to  low-lying  inland 
areas  and  the  shoreline.   Through  the  Caltech 
study  quantitative  estimates  have  been  obtained 
for  upland  sediment  yields,  and  four  important 
areas  for  further  research  have  been  identified. 


One  of  the  important  dynamic  processes  in  the 
tural  environmental  system  in  southern  Califor- 
a  is  sediment  movement .   This  movement ,  or 
stem  of  movements,  involves  the  continual 
location  of  surface  geological  materials  — 
asion  from  upland  catchments,  delivery  of  this 
erial  to  inland  depositional  areas  (alluvial 
IS,  valleys,  coastal  plains)  and  to  the  coast, 
DUgh  in  some  cases,  even  under  natural  condi- 
3ns,  the  coastal  deliveries  are  deposited  in 
rsh  or  lagoon  areas  and  many  never  reach  the 
Dreline.   Sand-sized  material  delivered  to  the 
jreline  is  transported  up  and  down  coast  by 
jan  waves  and  currents  and  thereby  forms  and 
Irishes  beach  areas.   Eventually  much  of  this 
id  is  lost  to  offshore  areas  via  submarine 
lyons  (Chamberlain   1954)  ,  and  by  other 
jcesses.   Finer  silt  and  clay  particles, which 
C-istitute  the  major  part  of  the  sediment  load 
diivered  to  the  ocean,  do  not  deposit  at  the 
sjreline  but  are  carried  offshore  and  deposited 
o:side  of  the  surf  zone. 

During  the  past  five  years  a  research  group 
a  the  Environmental  Quality  Laboratory  at  the 
C  ifornia  Institute  of  Technology,  in  conjunction 
w  h  the  U.S.  Forest  Service  and  other  agencies, 
h.   been  studying  the  coastal  sediment  system  in 
3  ithern  California.   Primary  objectives  in  this 
Sidy  have  been  to  quantitatively  define 
1  sediment  movements  under  natural  conditions, 
a  2)  the  effects  of  man-made  inland  and  coastal 
s  uctures  on  this  system. 


L  TORAL  CELLS 

Along  a  coastal  section  natural  conditions 
3  en  define  a  reach  of  coastline  that  is 
2:  entially  independent  of  upcoast  and  down- 
:i  St  conditions.   The  inland  and  coastal  sources 
3  beach  nourishment  are  local,  as  are  also  the 
3.  d  losses  from  the  system. 


Presented  at  the  Symposium  on  Dynamics  and 
t agement  of  Mediterranean-type  Ecosystems. 

^Member  of  Professional  Staff,  Environmental 
)' lity  Laboratory,  California  Institute  of 
Ethnology,  Pasadena,  Calif.   91125. 


Inman  and  Brush  (1974)  have  identified  five 
such  littoral  cells  in  coastal  southern 
California.   The  identification  of  these  natural 
coastal  sediment  units  provides  a  basis  for 
studying  the  coastal  sediment  system  in  large 
enough  scale  to  treat  all  upcoast  (upstream) 
influences  on  local  conditions. 

In  studying  the  sediment  system  in  each 
littoral  cell,  and  quantifying  sediment  budget 
factors,  the  first  step  in  the  CIT  study  has  been 
to  treat  upland  sedimentation  processes  and  the 
flux  of  sediments  yielded  from  geologically 
erosional  areas,  in  each  of  the  five  littoral 
cells . 


UPLAND  SEDIMENTATION  PROCESSES 

The  Caltech  study  has  led  to  the  development 
of  detailed  estimates  of  upland  catchment  sediment 
yields  throughout  the  coastal  drainages  in 
southern  California  (Taylor   1981) . 

While  these  study  results  help  considerably  in 
quantitatively  defining  the  coastal  sediment 
system  in  this  area,  they  do  not  treat  some  impor- 
tant questions  pertaining  to  upland  sedimentation 
processes.   Through  this  study,  however,  there  has 
been  a  sharpening  of  focus  on  needed  follow-on 
research.   This  research  can  contribute  substan- 
tially to  regional  management  practices  as  well  as 
basic  understanding  of  upland  sedimentation 
processes . 

Field  information  and  data  indicate  that 
throughout  the  coastal  drainages  in  southern 
California,  there  are  six  dominant  processes 
active  in  sediment  erosion  and  transport.   Three 
of  the  processes  Involve  the  independent  move- 
ments of  particles;  and  three  are  mass  movement 
processes.   Individual  particle  movements  include 
dry  'ravel'  (miscellaneous  particle  movement  down 
slopes),  and  rainsplash  and  rill  and  channel 
hydraulic  transport,  which  are  wet  processes. 

Mass  movements  include  soil  creep,  which  is 
essentially  a  dry  process,  sediment  flows  under 
wet  conditions,  and  landslides  that  can  be 
initiated  by  both  wet  and  dry  conditions. 


eiTech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
»(iment  Station.  Forest  Service.  U.S.  Department  of  Agriculture:  1982. 
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While  all  of  these  six  processes  appear  to  be 
active  in  the  coastal  drainages  of  southern 
California,  the  relative  importance  of  each 
process  must  vary  from  one  location  to  another. 
As  an  example,  qualitative  information  indicates 
that  soil  creep  is  quite  active  in  the  Palos 
Verdes  area  but  that  sediment  flows  in  this  area 
are  rare^   Whereas  in  the  San  Gabriel  mountains 
there  is  only  scanty  evidence  of  soil  creep,  but 
sediment  flows  are  common. 

In  identifying  the  relative  importance  of 
individual  processes  a  practical  description 
would  include: 

1.  Mass  scale  of  process 

2.  Characteristic  distance  of  movement 

3.  Time  scale  of  process 

4.  Temporal  and  spatial  frequency  of 
occurrence. 

A  more  complete  description  would  also  include: 

5.  Conditions  of  occurrence 

6.  Mechanics  of  movement. 

The  first  four  items  are  sufficient  to  quanti- 
fy a  particular  process.   The  latter  two  items 
provide  understanding  of  why  and  how  the  process 
takes  place. 

In  Table  1,  general  estimates  based  on  limited 
field  data  and  observations  in  the  southern 
California  region  are  given  regarding  items  1,2, 
and  3  for  each  of  the  six  sedimentation  processes 
identified.   With  available  data,  it  is  not 
possible  to  accurately  estimate  item  4  and 
thereby  estimate  the  relative  importance  of 
individual  processes  for  the  region.   The  first 
area  of  research  to  be  identified,  then,  is  the 
need  for  quantitative  field  studies  that  will 
define  the  relative  importance  of  the  six 
dominant  sedimentation  processes  in  affecting 
sediment  yield. 

3 
Douglas  L.  Morton  of  the  U.S.  Geological 

Survey  has  initiated  studies  of  this  kind  in 
mapping  recent  mass  movements  in  the  western 
Transverse  ranges.   Radbruch  and  Crowther  (1973), 
also,  have  prepared  a  map  classifying  local  areas 
as  to  their  relative  susceptibility  to  surface 
mass  movements.   This  map  was  prepared  during  a 
3-month  period  with  a  very  limited  data  base,  and 
it  was  intended  by  its  authors  only  as  a  first- 
order  approximation,  to  differentiate  between 
areas  of  most  mass  movement  and  least  mass 
movement.   While  this  map  is  neither  quantitative 
nor  detailed,  it  presents  a  useful  first  step. 

In  addition  to  these  studies  there  need  to  be 
complementary  studies  of  some  of  the  basic 
mechanisms  of  the  six  sedimentation  processes. 
Such  studies  would  involve  both  laboratory  and 
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Table  1 — Characteristics  of  Dominant  Sediment 
Erosion  and  Transport  Processes  in  Southern 
California. 


Sediment 
Movement 
Process 


Ravel 


Rain 
splash 


Rill  and 

Channel 

Transport 


Creep 


Landslides 


Sediment 
Flows 


General 
Time  Scales 


General 

Mass 
Scales 


General 
Distance  of 

Movement 


SSI 


ittt 

;K3 


seconds 
lO(loOs) 


Millionths 

of  a 

Kilogram 

0(10-6kg) 


meters 
O(loOm) 


tenths  of  a   Millionths 
second         of  a 
O(lO-ls)      Kilogram 
0(10-6kg) 


minutes 
0(102s) 


years 
OClO^s) 


seconds 
9(100s) 


seconds 
0(102s) 


Millionths 

of  a 
Kilogram  to 

Thousands 
of  Kilograms 
0(10-6-10^kg) 

Hundreds  of 
Thousands  to 

Tens  of 
Millions  of 

Kilograms 
0(105-107kg) 

Kilograms  to 

Tens  of 
Millions  of 

Kilograms 
0(100-107kg) 

Kilograms  to 

Tens  of 
Millions  of 

Kilograms 
OClO^-lO^kg) 


centimeters 
0(10-2m) 


kilometers 
0(103m) 


[|0 

fir 

St 

to 


centimeters 

per  year 
0(10- ^m/yr; 


tens  of 

meters 

O(iolm) 


hundreds 


»!» 


of  meters  j 
OdO^m) 


0(  )  means  "on  the  order  of.  .  .,"  i.e., 
approximate  value  within  plus  or  minus  a  half 
power  of  ten  of  the  indicated  number. 
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field-type  investigation.   A  primary  research 
topic  in  this  category  is  the  mechanics  of 
sediment  flows.   Sediment  flows  are  common  in 
coastal  drainages  in  southern  California, 
especially  in  the  northern  part  of  the  study  arc 
Sediment  flows  vary  over  a  wide  range  in 
volumetric  magnitude,  frequently  causing  proper! 
damage  and  jeopardizing  human  safety,  below 
burned  catchments.   The  mechanics  of  these  flows 
are  not  well  understood; e.g.  conditions  that 
initiate  movement;  flow  velocities  as  a  functioi  ^^ 
of  material  size,  water  content,  and  channel 
characteristics  (slope,  etc.);  and  amplificatioi 
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diminution  of  flow  volume  along  the  path 
movement.   This  is  a  second  area  of  needed 
search. 

Superimposed  upon  the  set  of  six  basic  sedimen- 
tion  processes,  in  southern  California,  are  the 
Eects  of  the  regular  occurrence  of  fire.   In 
neral,  fire  increases  the  short-term  sediment 
aid  in  a  catchment,  but  specific  effects 
ry  depending  on  local  conditions. 

Fire  effects  on  sedimentation  processes  were 
:st  studied  statistically  in  southern  California 
Rowe  and  others  (1954) .   This  study  included 
)-regional  estimates  of  fire  effects  on  catch- 
it  sediment  yield.   Since  this  study  in  the 
:ly  1950 's,  a  lot  more  field  data  have  been 
tained.   It  would  now  be  profitable  to  do  a 
E"e  detailed  statistical  analysis  of  fire  effects 
d;a.   Such  a  study  could  provide  improved 
eiimates  of  effects  of  fire  on  catchment  sedi- 
mit  yield.   Also,  in  specific  areas  there  may  be 
s  ficient  field  data  to  begin  to  identify  the 
r  ative  effects  of  fire  on  one  or  more  of  the 
s:  regionally  dominant  sedimentation  processes. 

A  fourth  research  question  identified  in  the 
C  tech  study   deals  with  the  routing  of  sediment 
i  primary  and  secondary  channel  systems  on 
J  and  catchments.   Of  particular  interest   is 
t  quantitative  relation  between  storm  hydrology 
a;  the  delivery  of  sediment  from  hillslopes  to 
tl  channel  system  versus  the  movement  of  sedi- 
Di  t  in  the  channel  system  and  its  delivery  to 
:1  mouth  of  the  catchment. 

Limited  field  observations  suggest  that  during 
li  or  moderate  rainfall  years,  more  material  is 
1(  ivered  by  the  channel  system  to  the  mouth  of 
:1  catchment,  and  thus  there  is  channel 
a  radation  and  temporary  storage.   Conversely, 
U ing  wet  years  and  particularly  during  severe 
iirm  periods,  there  is  significant  channel  scour, 
-licating  that  more  material  is  delivered  to 
1  mouth  of  the  catchment  than  is  brought  into 
■l   channel  system  from  the  hillslopes.   This 
,'e/dry  channel  cycling  may  be  due  in  part  to  the 
.C3  of  riparian  vegetation  and  consequent 
iteamlining  of  the  channel  during  severe  floods. 
*r catchments  where  this  channel  unloading  takes 
il:e  during  severe  storm  years,  the  volume  of 

trm  debris  may  be  significantly  increased 
■tanding  on  conditions  during  the  intervening 

ers  since  the  last  major  event.   Results  from 
hs   study  could  assist  in  assessing  annual  flood 
icential  on  individual  catchments. 


dARY  AND  CONCLUSIONS 

[n  summary,  the  environmental  system  in 
3tal  southern  California  involves  the  continual 
)cation  of  surface  geologic  materials.   Under 
airal  conditions  erosion  from  upland  catchments 
elvers  an  average  of  some  12  million  m^/year 
■6'iillion  m^  of  fine  material,  5  million  m^  of 
al,  and  0.8  million  m^  of  gravel  and  boulders) 


to  alluvial  fans,  inland  valleys,  plains  and 
coastal  areas.   Sand-sized  material  delivered  to 
the  shoreline  is  moved  up  or  downcoast  at  net 
rates  generally  between  100,000  and  1,000,000 
m^/year,  in  the  five  littoral  cells.   This 
longshore  movement  forms  and  nourishes  beach 
areas.   Eventually  this  sand  is  lost  through 
natural  processes,  to  offshore  areas. 

The  first  key  element  in  this  coastal  system 
is  the  inland  erosion  and  delivery  of  sediments 
from  upland  catchments.   Through  studies  at 
Caltech  over  the  past  few  years,  wherein  aggre- 
gate estimates  of  regional  and  sub-regional  sedi- 
ment yield  have  been  obtained,  four  areas  for 
further  more-detailed  research  have  been  identi- 
fied, as  follows: 

1.  Field  studies  are  needed  to  quantitatively 
identify  the  relative  importance  with  regard 
to  sediment  yield  of  the  six  sedimentation 
processes  common  in  this  area. 

2.  Pioneering  studies  on  fire  effects  by  Rowe 
and  others  (1954)  should  be  updated  and 
improved  upon  with  currently  available  data. 

3.  Laboratory  and  field  studies  should  be 
undertaken  to  study  the  mechanics  of  sediment 
flows . 

4.  There  should  be  a  research  investigation 
of  wet/dry-year  cycling  of  sediment  storage 
in  the  primary  and  secondary  channel  systems 
on  upland  catchments. 

Results  obtained  from  the  four  areas  of 
research  identified  could  contribute  substan- 
tially in  improving  upland  management  practices, 
as  well  as  enlarging  our  understanding  of 
regional  sedimentation  processes  in  coastal 
southern  California. 
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Fire-Loosened  Sediment  Menaces  the  City^ 


Arthur  E.  Bruington^ 


Sediment  is  a  resource.   It  forms  the  soil 
upon  which  we  live  and  within  which  we  grow  our 
food.   Sediment  is  also  a  problem  endured  by 
people  in  some  variety  wherever  they  live. 

In  Southern  California  a  special  sediment 
problem  arises  as  the  result  of  the  high  ranges 
of  mountains  lying  parallel  to  and  relatively 
close  to  the  ocean,  creating  a  steep  gradient 
for  streamflow.   The  steep  gradients,  the  earth- 
quake fractured  mountains,  the  recurring,  massive 
wildfires  in  the  chaparral-type  mountain  ground 
cover  and  the  occasional  occurrences  of  torren- 
tial rainfall  work  together  to  cause  catastrophic 
movement  of  sediment  out  of  the  mountain  valleys 
onto  the  coastal  plain  where  people  live.   In 
Los  Angeles  County  the  San  Gabriel  Mountains 
average  27  miles  from  the  ocean  and  the  ridgeline 
elevation  ranges  from  2,000  feet  to  over  10,000 
feet  in  elevation.   The  mountains  are  mostly 
granitics.   The  sediment  is  formed  by  wintertime 
freezing  and  thawing  action  acting  on  the 
fractures  and  shattering  caused  by  earthquakes 
as  well  as  the  usual  decomposition  processes. 

Rainfall  in  Southern  California  is  relatively 
sparse,  but  occasionally  warm  storms  from  the 
Pacific  Ocean  at  mid  latitudes  cause  very  intense 
rainfall.   Typically,  these  storms  consist  of  a 
series  of  disturbances  moving  fairly  rapidly 
along  a  west- to-east  path,  sometimes  carrying 
copious  quantities  of  moisture.   The  final  dis- 
turbance in  the  series  is  usually  the  most 
severe  because  it  is  associated  with  the  high 
winds  which  cause  the  breakdown  of  the  storm 
system,  but  also  add  intensity  to  the  rainfall. 
Thus,  the  heaviest  rainfall  intensities  usually 
occur  on  a  saturated  watershed,  the  best  case 
for  a  high  runoff  condition. 

On  March  2,  1938,  an  average  of  1.4  inches 
per  hour  of  rainfall  occurred  for  a  period  of 
5  hours  at  Clear  Creek,  a  mountain  station 
located  at  3,100  feet  elevation.   On  April  5, 
1926,  at  a  mountain  station  of  about  4,400  feet 
elevation,  a  rain  gauge  registered  1  inch  in 
1  minute.   At  a  nearby  location  in  January  1943, 
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Abstract:   Sediment  management  is  an  absolute 
requirement,  but  an  expensive  problem  for  the 
residents  of  the  coastal  strips  between  the  moun 
tains  and  the  ocean  in  Southern  California.   The 
combination  of  earthquake  fractured  mountains, 
frequent  freezing  and  thawing  action  in  the  wint  i 
time,  occasional  torrential  rainfall  and  explosi 
wildfires  leads  to  a  dangerous  and  destructive 
condition.   Records  of  the  Los  Angeles  County 
Flood  Control  District  are  used  to  cite  data  on 
high  intensity  rainfall  and  massive  sediment 
movement  together  with  examples  of  the  effetts  i 
the  communities  lying  near  the  mountains.   The 
high  costs  of  managing  sediment  are  highlighted 
by  a  description  of  the  sediment  situation  at  So 
Gabriel  Dam  and  Reservoir  since  its  constructioii 
in  the  mid  1930's. 


26  inches  of  rain  fell  in  24  hours.   In  1969, 
there  were  2  major  rain  storms  1  month  apart,  tl:[ 
first  in  January  caused  45  inches  of  rain  over 
period  of  9  days  at  Hi  Hill,  a  mountain  station 
near  Mt.  Wilson.   In  February,  21  more  inches  oJ 
rainfall  occurred  in  3  days.   Each  of  the  stormi 
was  flood  producing.   In  February  1978  at  a  raiijjjit 
fall  station  located  in  northern  San  Fernando 
Valley  at  an  elevation  of  3,500  feet,  a  fairly 
typical  flood  producing  rainfall  pattern  occurr( 
By  3:00  p.m.  on  February  9  precedent  rainfall  f( 
the  season  had  been  29.2  inches  and  over  the  la, 
22  hours,  5.3  inches.   During  the  following  7 
hour  period  2.2  inches  of  rain  occurred.   From 
10:00  p.m.  until  1:05  a.m.  another  2.0  inches  o 
rain  occurred,  an  intensity  of  more  than  0.6 
inches  per  hour,  significant  in  any  situation 
Between  1:05  a.m.  and  1:30  a.m.  a  deluge  of  1.4 
inches  occurred,  of  which  0.4  inches  fell  in  5 
minutes  (equivalent  to  4.8  inches  per  hour), 
was  the  shortest  interval  registered  by  the  rai 
gauge.   These  rainfall  intensities  occurred 
during  the  passage  of  a  very  intense  cold  front 
Later  I  will  relate  these  latter  rainfall  recor 
to  downstream  sediment  movement. 


:, 
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In  Southern  California  production  of  sedimen 
occurs  more  rapidly  than  runoff  can  carry  it  aw  liji 
As  a  result  alluvial  valleys  have  been  formed  a 
the  foot  of  the  mountains.  In  their  natural 
condition  all  of  the  valley  streams  are  in  an 
aggrading  condition.  Aggrading  streams  change 
course.  When  the  velocity  of  the  stream  slows 
down,  the  heavier  sediment  particles  settle  out 
and  raise  the  streambed.  This  causes  the  strea  tjt 
to  become  higher  than  the  surrounding  ground  sc 
the  stream  breaks  out  to  another  course  having 
naturally  steeper  gradient.  Changes  caused  by 
sediment  deposition  generally  occur  very  slowl^Bjii 
but,  during  a  few  hours  of  a  major  storm  event, 
major  movement  and  deposition  can  cause  severe 
damage  and/or  greatly  change  the  land  configure 


Let's  look  at  some  of  the  historical  occur- 
rences.  During  the  1880 's  there  were  a  number 
major  floods  in  Southern  California.   These 
caused  damage  to  roads  and  railroads  and  water 
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/stems,  but  there  had  been  relatively  little 
jvelopment  along  rivers  so  the  hazard  to  people 
id  property  was  relatively  small.   During  the 
)llowing  period  until  1914  no  major  storms 
;curred.   Many  people  moved  into  the  area, 
livelopment  encroached  into  the  flood  plain  of 
iie  Los  Angeles  River  and  other  natural  water- 
lurses.   A  major  flood  occurred  in  1914  with 
:iss  of  life  and  considerable  property  damage. 
16  community  response  in  Los  Angeles  County 
■suited  in  the  formation  of  the  Los  Angeles 
unty  Flood  Control  District  in  1915. 

The  first  attempts  by  the  District  were  to 
fine  stream  courses  and  to  confine  streamflows 

those  stream  courses.   While  that  approach 
s  successful  for  small  storms  it  could  not 
cceed  in  controlling  major  flood  flows  carrying 
rge  amounts  of  sediment.   Efforts  were  then 
ntered  on  providing  regional  flood  control 
otection  with  reservoirs  and  major  channel 
Iprovements.   This  was  followed  beginning  in 
s  1950 's  with  various  approaches  to  the  manage- 
nt  of  the  production,  movement  and  deposition 

sediment.   Managing  the  sediment  capable  of 
ing  produced  by  the  San  Gabriel  Mountains  is 
3ortant  to  the  safety  of  the  residents  of  the 
strict,  but  frankly  it  is  like  trying  to  hold 
::k  the  storm  tides  of  the  ocean. 
I 

I  Let's  look  at  what  has  happened  in  the  largest 
intainous  watershed  in  Los  Angeles  County.   San 
)riel  Dam  was  constructed  during  the  19  30' s  to 
rm  a  flood  control  reservoir.   The  dam  is 
:ated  about  5  miles  upstream  of  the  mouth  of 
!  mountain  canyon.   The  reservoir  has  a  trib- 
iry,  uncontrolled  mountain  watershed  of  160 
lare  miles.   The  dam  began  blocking  streamflow 
.  disrupting  the  natural  downstream  movement 
sediment  in  the  summer  of  1936.   The  original 
ervoir  capacity  at  spillway  elevation  was 
000  acre  feet.   From  1936  to  the  summer  of 
0  the  reservoir  had  collected  sediment  in  the 
cifunt  of  26,000  acre  feet  or  43  million  cubic 
ds .   From  time  to  time  sediment  was  moved 
ough  the  dam  by  the  process  of  sluicing. 
-e:llicing  consisted  of  using  streamflow  to  dig 
3i  liment  out  of  the  reservoir  bed  and  carry  it 
lough  the  dam  in  a  low-level  tunnel.   Sluicing 
Id  occur  only  when  there  had  been  a  large 
iiT'ack  developed  in  the  tributary  area  and 
n  it  was  feasible  to  empty  the  reservoir 
ore  the  runoff  from  the  melting  snowpack  had 
:2ded  below  an  efficient  carrying  capacity, 
eifing  those  45  years,  sediment  was  removed  by 
process  of  sluicing  in  the  approximate 
ant  of  10  million  cubic  yards.   The  cost  of 
3  process  was  10  cents  per  cubic  yard  adjusted 
1981  prices. 


Cwo  sediment  removal  contracts  were  awarded 
,j^;he  Flood  Control  District.   Sediment  was 
)ved  by  mechanical  means  and  disposed  in  an 
iream  canyon  about  1  mile  away.   The  con- 
iration  of  the  disposal  area  was  designed  to 
ire  that  runoff  would  not  bring  the  sediment 
:  to  the  reservoir.   The  first  of  these 
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contracts  was  awarded  in  1968.   It  involved  the 
removal  of  about  14  million  cubic  yards  at  70 
cents  per  cubic  yard.   Typical  of  the  problems 
with  occasional  intense  rainfall  and  large 
sediment  movement,  the  contractor  lost  a  great 
deal  of  equipment  in  the  reservoir  when  it  was 
buried  by  sediment  during  the  floods  of  winter 
1969.   Later  he  was  able  to  complete  his  contract. 
A  second  contract  was  awarded  in  1978  following 
floods  and  additional  sediment  deposition  that 
occurred  the  previous  winter.   The  second  contract 
was  for  5  million  cubic  yards  at  $2.00  per  cubic 
yard.   Thus,  after  45  years  of  operation  of  San 
Gabriel  Reservoir  and  the  expenditure  of  approx- 
imately $20  million  for  sediment  removal  the 
reservoir  capacity  remains  impaired  by  sediment 
to  the  extent  of  14  million  cubic  yards,  16 
percent  of  the  original  capacity.   Through  the 
District,  the  residents  are  battling,  but  sediment 
is  still  winning. 

Now  let's  look  at  the  effect  of  fires  in  the 
watershed.   When  high  temperatures,  extremely 
dry  air  and  strong  winds  combine,  the  high  fuel 
content  of  the  chaparral  cover  can  explode  into 
uncontrollable  wildfires  that  may  extend  over 
thousands  of  acres  before  control  is  gained. 
Then  the  stage  is  set  for  catastrophic  sediment 
movement.   Records  have  been  obtained  in  more 
than  37  controlled  watersheds  in  Los  Angeles 
County  for  periods  greater  than  25  years.   This 
data  demonstrates  that  up  to  a  40  fold  increase 
in  sediment  production  can  occur  during  the  first 
storm  season  following  a  watershed  fire  if  high 
intensity  rainfall  occurs.   Under  normal  con- 
ditions a  period  of  brush  regrowth  of  10  years 
is  needed  to  return  to  a   baseline  sediment 
production  situation.   Where  less  than  an  entire 
watershed  is  burned,  outflow  of  sediment  is  often 
reduced  to  the  extent  that  natural  storage  of 
sediment  occurs  within  the  watershed.   Where  the 
entire  watershed  is  burned,  severe  storms  have 
resulted  in  the  movement  of  soil,  rocks  and 
boulders  equivalent  in  volxime  to  the  removal  of 
the  top  2  or  3  inches  of  soil  covering  an  entire 
watershed.   Controlled  burning  of  small  areas, 
as  proposed  for  brush  management,  reduces  the 
probability  of  catastrophic  events,  but  sediment 
production  will  be  increased  in  direct  proportion 
to  the  size  of  the  burned  watershed  area  and 
according  to  the  coicidence  of  the  occurrence  of 
major  storms.   Thus /  the  obvious  conclusion  is 
that  controlled  burning  should  be  done  only  in 
those  years  in  which  heavy  rainfall  will  not 
occur  in  the  following  storm  season. 

Having  now  made  my  mark  on  posterity  with  that 
profound  statement  let  me  continue  with  another 
contribution  to  folklore.   It  has  been  observed 
in  the  Los  Angeles  County  situation  that  the 
highest  rainfall  intensities  in  a  given  storm 
system  always  occur  upon  the  most  recently  burned 
watershed.   No  scientific  explanation  has  been 
developed  for  this  phenomenon  although  possible, 
but  unlikely,  explanations  include  increased 
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availability  of  raindrop  nuclei  from  ash  particles 
or  differences  in  heat  reflection  from  the  burned 
area. 

Following  are  some  examples  of  major  sediment 
events.   In  the  New  Year's  Day  flood  of  19  34 
there  were  large  but  unmeasured  sediment  flows 
onto  the  partially  developed  alluvial  fan  area 
of  La  Crescenta.   The  streams  carried  and 
deposited  boulders  of  up  to  20  feet  in  their 
largest  dimension. 

During  the  March  2,  1938  flood  all  10  mountain 
reservoirs  owned  by  the  Flood  Control  District 
were  rendered  inoperable  by  sediment  plugging 
of  their  outlet  works.   Sediment  inflow  into 
West  Ravine  Debris  Basin  amounted  to  120,000 
cubic  yards  per  square  mile  on  a  0.25  square 
mile  watershed  which  had  been  burned  in  1933. 
Most  major  highway  and  railroad  routes  out  of 
Southern  California  were  blocked  by  sediment 
deposits,  flooding  or  flood  washouts. 

During  the  major  storms  of  January  and 
February  1969,  sediment  inflow  to  Hook  East 
Debris  Basin  amounted  to  223,000  cubic  yards 
per  square  mile  on  a  0.30  square  mile  watershed, 
which  had  burned  in  the  Fall  of  1968.   This 
fire  had  covered  a  very  large  area  of  the 
frontal  slopes  of  the  San  Gabriel  Mountains 
lying  upstream  of  the  City  of  Glendora.   Numerous 
canyons  within  the  City  carried  heavy  sediment 
flows  and  created  problems  for  residents  within 
and  below  the  canyons.   In  one  nearby  canyon, 
stream-deposited  sediment  covered  a  one-story 
house  up  to  the  eaves  of  the  roof.   A  7  foot 
by  6  foot  concrete  box  storm  drain  below  Hook 
Canyon  was  blocked  by  a  boulder  of  about  the 
same  dimension  at  a  location  about  1/2  mile  down- 
stream of  the  storm  drain  inlet.   The  portion  of 


the  storm  drain  upstream  of  the  boulder  was      (I 
filled  completely  with  sediment.   It  was  cleared  j,.| 
with  a  piece  of  mining  equipment  designed  for    "' 
working  in  a  small  cross-sectional  area. 

On  February  10,  1978,  sediment  inflow  to 
Zachau  Debris  Basin  in  the  Sunland  area  was 
estimated  to  be  at  least  100,000  cubic  yards  per 
square  mile  on  a  0. 35-square-mile  watershed 
which  had  burned  in  the  Fall  of  1975.   Sediment 
overflowed  the  structure  and  spread  over  an 
area  of  about  1/2  square  mile  of  densely  popu- 
lated area  downstream.   Streets  were  blocked, 
houses  filled  with  sediment,  and  considerable 
damage  was  done  to  landscaping,  parking  lots 
and  other  outdoor  facilities.   A  sediment - 
blocked  storm  drain  in  Shields  Canyon  in  La 
Crescenta  caused  sediment-laden  storm  flow 
from  the  mountain  canyon  with  a  2-year-old  burn  '  •' 
to  be  diverted  onto  a  residential  steeet. 
Several  homes  were  severely  damaged  before 
the  flow  found  its  way  back  into  the  defined 
watercourse.   Sediment  and  flood  flows  from  a 
2-square-mile  mountain  canyon  contributed  to 
the  destruction  of  many  buildings  in  a  small 
mountain  community  killing  11  people.   These    | 
events  occurred  as  a  result  of  the  intense  rain-f 
fall  described  earlier  in  the  paper.  »™' 

Well  then,  what  is  the  outlook?  In  my  opinio 
there  is  little  likelihood  of  totally  controllin  '"  * 
sediment  production  or  movement.  Sediment  '•'^"2' 
management  will  continue  to  be  directed  at  pro-  ftasE 
tecting  people  and  lowering  costs.  Avoiding  |P"^ 
catastrophic  events  will  lower  the  risk  to  |r""" 
people.  It  is  likely  that  costs  will  continue  ^f^^i 
to  be  high.  However,  for  people  to  live  and  wor!l 'i'^t 
safely  in  the  communities  at  the  base  of  the  Sanf ' 
Gabriel  Mountains,  sediment  management  is  an 
absolute  necessity. 
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^getative  Management  Aspects  of  Flood 
C  ntrol  and  Water  Projects^ 


S)tt  E.  Franklin- 


Abstract:   The  Department  of  Water  Resources  has 
initiated  a  program  of  prescribed  burning  in  water- 
sheds above  State  Water  Project  reservoirs  and 
adjacent  watersheds.  The  Department  sees  its  role 
as  a  catalyst  and  guide  to  accelerate  the  work  of 
the  California  Department  of  Forestry,  the  U.  S. 
Forest  Service,  and  the  Bureau  of  Land  Management. 
The  California  Water  Commission  supports  vegeta- 
tive management  as  an  integral  part  of  existing 
and  future  flood  control  and  water  conservation 
projects.  Vegetative  management  in  the  watersheds 
above  flood  control  reservoirs  could  be  a  part  of 
Governor  Brown's  resources  investment  progreim  to 
break  the  fire/flood  cycle  which  has  occurred 
historically. 


In  June,  I980,  the  California  Water  Commission 
Id  a  workshop  in  Sacramento  on  vegetative 
naagement  in  watersheds.  Testimony  was 
iceived  from  the  U.  S.  Forest  Service  (USFS), 
te  National  Park  Service  (NPS),  the  Bureau  of 
Ind  Management  (BLM),  the  California  State 
(fice  of  Planning  smd  Research,  the  University 
<  California  -  Davis  (UCD),  the  California 
Ipartments  of  Water  Resources  (DWR),  Forestry 
(DF),  Fish  and  Game  (DFG),  and  Food  and  Agri- 
(Iture  (DFA),  the  California  Air  Resources 
Icird  (ARB),  and  Santa  Barbara  County. 

At  that  meeting  the  Northern  California 
Cindstone  Project  of  the  Forest  Service  was 
(scussed.  We  learned  that  this  experimental 
lush  conversion  project  was  begun  in  the  1950' s 
1  convert  selected  brush  areas  to  grass  by 
J  escribed  burning  to  improve  range  and  wildlife 
Ibitat.  By  1972,  2,000  acres  had  been  con- 
irted.   In  1973,  the  Forest  Service  and  Fish 
id  Game  agreed  to  develop  and  demonstrate 
Ichniques  for  coordinating  wildlife  habitat 
1 eds  with  fuel  modification  programs.  Under 
lis  agreement,  12,000  acres  of  brush  were 
Irned.  The  benefits  included  increased  water 
J  eld,  fuel  reduction,  and  decreased  likelihood 
I  catastrophic  wildfire. 

Estimates  of  the  increased  water  yield  were 
I de  by  UCD  researchers  using  data  from  this 
lush  conversion  project.  This  data  showed  an 
: creased  yield  of  about  5  inches  following 
lush  conversion  in  the  experimental  watersheds 
1 ar  Hopland  (Mendocino  County)  and  Lincoln 
•lacer  County).  This  amount  declined  to  zero 
I er  a  period  of  several  years  unless  suppres- 
I  on  of  brush  growth  continued.  Since  the 
:.crease  does  not  entirely  coincide  with  the 
; ttern  of  water  use,  brush  conversion  would  be 
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most  beneficial  in  watersheds  above  reservoirs. 
Bi*ush  removal  on  steep  or  unstable  slopes,  however, 
could  cause  sediment  problems  that  would  counter 
the  benefits  of  increased  runoff. 

The  cost  of  prescribed  burning  given  in  the 
1979  Mendocino  National  Forest  report,  using  the 
"Heli-torch"  and  jellied  gas,  is  approximately 
$5  per  acre.  Using  hand  crews,  costs  averaged 
$10  to  850  per  acre,  depending  on  accessibility 
of  needs  of  ignition.  Subsequent  maintenance 
with  prescribed  burning  is  claimed  to  cost  less 
than  51  per  acre.  Using  these  figures  and  the 
yield  of  0.45  acre  foot  per  year,  the  cost  of 
increasing  runoff  by  brush  conversion  averages 
between  83  and  87  per  acre  foot  per  year  over  a 
ten -year  period. 


Significant  Environmental  Effects  and  Mitigation 
Measures 

An  initial  increase  in  erosion  from  rainfall 
and  runoff,  with  consequent  increase  in  turbidity 
and  sediment  loads,  generally  occurs  following 
prescribed  burning.  However,  this  adverse  effect 
can  be  reduced  by  careful  attention  to  several 
factors.  The  Forest  Service  at  the  Mendocino 
National  Forest  has  observed  all  areas  to  return 
to  normal  within  3-6  years  following  certain  pro- 
cedures. 

To  mitigate  the  initial  increase  in  erosion, 
sedimentation,  and  runoff  turbidity  resulting 
from  prescribed  burning,  several  steps  should  be 
taken.  First,  it  will  be  recognized  that  some 
soils  are  so  erosive  and  some  geologic  formations 
are  so  unstable  that  prescribed  burning  would 
cause  erosion  and  sedimentation  damage;  these  are 
therefore,  unsuited  for  prescribed  burning. 
Where  such  risks  can  be  avoided,  a  management 
plan  to  minimize  fire  and  geologic  risks  should 
be  developed.   Potential  fire  damages  for  altern- 
ative plans  would  be  evaluated  to  select  the  best 
management  plan.   Second,  the  possibility  of  both 
water  erosion  and  landslides  which  increase 
greatly  with  increasing  slope  must  be  evaluated. 
For  each  soil  type,  a  limiting  slope  will  be 
established  above  which  burning  will  be  avoided 
wherever  possible. 


J    Tech.  Rep    PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
i;  riment  Station.  Forest  Service.  U.S.  Department  of  Agriculture;  1982. 
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Third,  timing  burns  to  reduce  the  possibility 
of  heavy  rainfall  on  burned  areas  before  the 
soils  stablize  and  grass  is  established  will  be 
done  to  the  extent  possible.  Fortunately,  light 
spring  or  early  summer  burns  are  also  desirable 
for  other  reasons,  particularly  since  they 
accomplish  an  excellent  brush  kill. 


Vegetative  Management  by  State  Water  Pro.ject 

Following  the  June  I98O  workshop,  the 
Commission  passed  a  motion  asking  DWR  to  prepare 
a  report  on  the  potential  for  prescribed  burning 
at  major  Department  resejrvoirs  and  adjacent 
watersheds.  The  report  was  to  provide  a  program 
proposal  for  a  multi-agency  project  to  conduct 
prescribed  burns.  We  asked  that  the  report: 

1.  Identify  DWR  lands  and  adjacent  watersheds 
where  prescribed  burning  may  be  beneficial, 

2.  Provide  preliminary  estimates  of  water 
yield 

3.  Identify  local,  State,  and  Federal  enti- 
ties which  may  participate  in  the  program. 

Ronald  B.  Robie,  Director,  DWR,  forwarded  a 
report  to  the  Commission  on  August  1,  I98O, 
which  included  the  following  information: 

The  Department  made  preliminary  estimates  of 
additional  runoff  which  indicated  a  potential 
300,000  acre  feet  per  year  at  existing  and  possi- 
ble future  State  Water  Project  facilities. 
There  is  an  additional  potential  of  about  600,000 
acre  feet  at  other  existing  storage  reservoirs 
within  the  Central  Valley  drainage  basin. 
Increased  runoff  potential  is  not  necessarily 
directly  convertible  to  increased  safe  dependable 
water  supply  (yield  gross) ,  although  in  some 
instances  it  may  be.   The  report  pointed  out  that 
more  work  is  needed  to  refine  the  estimates  and 
determine  the  time  lasting  impacts  on  project 
water  supplies. 

Because  the  entire  Central  Valley  drains  to 
the  Delta,  it  is  possible  that  vegetative  manage- 
ment on  land  outside  the  watersheds  of  SWP 
reservoirs  could  also  produce  additional  water 
supplies  for  the  Delta  to  help  meet  the  Delta 
outflow  requirements.   DWR  subsequently  retained 
a  consultant  during  I98O-8I  to  aid  the  Depart- 
ment in  determining  how  vegetative  management 
could  best  provide  an  increased  water  supply  and 
to  better  estimate  the  amount  of  runoff  that 
might  be  realized,   DWR  sees  its  role  on  brush 
conversion  as  a  catalyst  to  guide  and  possibly 
accelerate  the  work  of  the  California  Department 
of  Forestry,  the  U.  S.  Forest  Service,  and  the 
Bureau  of  Land  Management. 

Forestry  has  historically  had  an  ongoing  pro- 
gram which  includes  authorization  to  burn  State 
lands  and  to  conduct  cooperative  burning  of 
private  lands.   Stimulated  by  the  recent  passage 
of  Senate  Bill  170'+,  Forestry  developed  a  goal 
of  burning  120,000  acres  of  brush  every  year  for 
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the  next  twenty  years.  Water  Resources  will  work  (res 
with  Forestry  and  the  Board  of  Forestry  by  provid- 
ing input  on  water  supply  benefits  and  priorities.!  * 

jfCi 

The  Forest  Service  is  developing  management  fi- 
plans  for  each  national  forest  which  will  be  avaij|  ter 
able  during  the  next  three  years.  Water  Resource,fl:tu 
is  working  with  them  to  assure  proper  consideratiiiittti 
of  vegetative  management,  including  brush  control:.!;' 
in  the  plans.  The  Forest  Service  will  conduct  ri 
burning  on  its  lands.  The  State's  involvement 
could  include  advising  the  Forest  Service  of  the 
State's  priorities  and  helping  to  establish 
monitoring  programs  to  measure  increased  runoff. 

ild 

Water  Resources  believes  the  most  effective  wa;  sA 
to  attain  potential  water  supply  benefits  from 
brush  conversion  is  to  initiate  a  State  program  t||seib 
influence  and  support  efforts  of  CDF,  OSFS,  and 
BLM.   In  FY  I98O-8I,  DWR  initiated  a  program  in 
cooperation  with  CDF,  DFG,  USFS,  using  State  Wate||er 
Project  funds.  The  Department  has  initiated  a 
pilot  area  study  in  the  Feather  River  watershed 
above  Oroville  Reservoir,  where  it  increased  run^ 
off  of  about  25,000  to  100,000  acre  feet  per  year 
The  potential  water  salvage  will  be  identified 
more  closely  through  careful  evaluation  of  vege- 
tation types,  erosion  hazard,  land  ownership, 
access  problems,  and  other  factors. 

Chapter  525,  Statutes  of  I980  (SB  lyO^t  -  Keene 
authorized  Forestry  to  conduct  prescribed  burning 
in  cooperation  with  landowners  and  other  agencies 
The  Department  anticipates  that  prescribed  burnin 
will  be  conducted  in  the  Feather  River  watershed 
as  part  of  this  program. 
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Vegetative  Management  at  Hansen  Dam,  Los  Angeles 


County 

On  October  2^+,  I98O,  the  Commission  held  a 
public  meeting  to  review  the  public  interest  and 
necessity  to  investigate  the  desirability  of 
removing  sediment  from  Hansen  Dam  in  Los  Angeles 
County.  Hansen  Dam  is  an  earth-fill  structure, 
97  feet  high  and  10,^+75  feet  long,  on  the  Tujunga 
Wash  about  S%   miles  upstream  of  its  junction  with 
Los  Angeles  County.   The  dam  can  impound  29,700 
acre  feet  of  flood  water.   Facilities  for  recrea- 
tion, which  were  developed  by  the  City  of  Los 
Angeles,  consist  of  a  125 -acre  lake  with  boat 
launching  ramps  and  a  swimming  beach,  picnic  area 
riding  and  hiking  trails,  golf  course,  and  base- 
ball field.   The  primary  purpose  of  the  dam  is 
flood  control.   The  Corps  of  Engineers  cooperates 
with  the  City  of  Los  Angeles  to  operate  the  publi 
park  and  recreation  facilities  in  the  reservoir 
area. 

Due  to  the  devastating  fire  in  the  upstream 
watershed  that  occured  in  1975,  and  three  subse- 
quent back-l^isack,  extremely  wet  winters,  the  dam 
is  loaded  with  debris  in  the  form  of  sand  and 
vegetable  matter,  and  in  the  near  future  could 
seriously  jeopardize  its  flood  control  capabilityl 
which  could  cause  loss  of  water  conservation  and 


In 


rcreation  activities. 
I 

The  Department  of  Water  and  Power  (LADWP)  of 
te  City  of  Los  Angeles  could  lose  approximately 
1,000  to  15,000  acre  feet  of  potential  ground 
iter  recharge  annually  if  the  present  situation 
:iatinues.  This  amount  of  water  has  a  projected 
,rth,  in  1984  dollars,  of  almost  two  million 
: Liars  (replacement  cost  from  the  Metropolitan 
Iter  District).  The  City  Council  of  the  City 
:  Los  Angeles  has  approved  a  resolution  which 
=sks  sponsorship  of  federal  legislation  to  add 
r creation  and  water  conservation  to  the  author- 
ied  purposes  of  Hansen  Dam.  The  resolution 
kild  authorize  a  prompt  cost  estimate  and 
fasibility  study  to  clean  out  the  silt,  sand, 
si  gravel.   Assemblyman  Richard  Katz  introduced 
f.sembly  Joint  Resolution  Ik   to  support  such  a 
EJdy.   The  Commission  asked  that  AJR  Ik   be 
Bended  to  include  vegetative  msinagement  in  the 
iper  stream  watershed.  The  Commission  feels 
tat  with  vegetative  management  in  tributary 
Bsas,  the  inflow  of  silt  and  sediment  to  the 
rservoir  can  be  more  closely  managed. 


Gi^ernor's  Vegetative  Management  Program 

In  December  I98O,  Governor  Edmund  G.  Brown 
J.,  held  a  press  conference  in  Los  Angeles  to 


announce  his  proposed  %k   million  Renewable  Resources 
Investment  Program  in  California  to  breeik  the  fire/ 
flood  cycle  that  has  plagued  Southern  California 
and  an  immediate  grant  program  to  clean  and  replant 
the  fire-damaged  areas  in  the  Panorama  fire  in 
San  Bernardino  National  Forest.  He  also  announced 
the  creation  of  a  task  force  on  chaparral  fire 
and  flood  risk  management.   The  task  force  will 
make  recommendations  supporting  use  of  prescribed 
burning  and  related  techniques  for  controlling 
large  volumes  of  brush  in  rural  and  urban  areas. 

The  investment  program  for  chaparral  management 
takes  the  entire  environmental  system  and  the  fire/ 
flood  cycle  into  consideration.   A  program  of 
controlled  burning  and  revegetation  will  not  only 
help  prevent  forest  fires  and  mudslides,  but  will 
benefit  wildlife,  recreational  values,  and  water 
supplies.   It  will  reduce  air  pollution,  erosion, 
and  the  cost  of  firefighting,  and  the  damages 
resulting  from  fires  and  floods. 


The  new  program  will  b 
burning  of  overgrown  fire 
winter  months  when  fires 
The  program  will  use  heli 
to  burn  precisely  defined 
burning  will  reduce  dange 
old  chaparral  stands  and 
to  help  in  the  control  of 


e  based  on  controlled 
hazardous  areas  in 

can  be  easily  controlled. 

copter-heli torch  devices 
areas.   The  controlled 

rous  fuel  supplies  and 

will  provide  fire  breaks 
wildfires. 
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Hydrology  of  Mediterranean-Type 
Ecosystems:  A  Summary  and  Synthesis^ 


WadeG.  Wells  IP 


Presentations  in  two  sessions  have  addressed 
three  major  hydrologic  problems  of  Mediterranean- 
type  ecosystems:   flooding  and  sedimentation, 
water  yield,  and  water  quality.   Because  fire  is 
common  to  all  Mediterranean-type  ecosystems  and 
profoundly  affects  their  hydrologic  systems,  Its 
effect  on  each  of  these  problems  was  also  ad- 
dressed.  This  summary  highlights  the  important 
points  discussed,  identifies  some  obvious  gaps  in 
our  understanding,  and  suggests  some  major  re- 
search and  management  needs. 


FLOODS,  EROSION,  AND  SEDIMENTATION 

Every  speaker  dealt  with  the  problem  of  flood- 
ing and  sedimentation,  and  in  three-fourths  of  the 
presentations  it  was  the  main  topic.   It  is  un- 
doubtedly the  major  hydrologic  concern  in  Cali- 
fornia's chaparral,  and  although  less  important  in 
other  Mediterranean  areas,  it  is  nevertheless 
recognized  as  significant. 

An  obvious  reason  for  the  problem  is  the  Medi- 
terranean climate  itself.   Howard  (these  Pro- 
ceedings) has  pointed  out  that  erosion  rates  tend 
to  increase  with  both  the  seasonality  of  rainfall 
and  the  tendency  toward  relatively  large,  infre- 
quent storms,  two  key  characteristics  of  a  Medi- 
terranean climate.   Further,  depending  on 
temperature,  highest  erosion  rates  occur  in  those 
regions  having  between  300  and  750  mm  of  annual 
rainfall  (Schumm  1977),  and  this  is  true  for  most 
of  the  stations  in  the  world's  Mediterranean  areas 
(McCutchan  1977).   In  parts  of  California  and 
Chile,  the  size  and  intensity  of  storms  are  in- 
creased by  the  presence  of  high  mountains  near  the 
ocean. 

It  is  interesting  that  Brock  and  DeBano  (these 
Proceedings)  did  not  find  a  significant  increase 
in  erosion  rates  with  increases  in  slope.   Other 
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studies  (Anderson  and  Trobitz  1949)  similarly 
found  no  strong  correlations  between  slope  and 
sediment  production.  Superficially,  these  result 
may  seem  to  contradict  common  sense,  but  the 
concept  of  thresholds  and  equilibrium  helps  to 
explain  it.  Because  erosion  in  arid  regions  tentlese 
to  be  episodic,  not  continuous  (Schumm  1977; 
Howard,  these  Proceedings),  slopes  tend  to  reflei 
a  state  of  equilibrium  with  their  environment,  ai  \i 
erosion  occurs  only  after  some  type  of  disturbani  lli 
(storm,  fire,  earthquake,  etc.).  This  equilibrii 
is  maintained  over  a  range  of  conditions,  and  thi 
limits  of  these  conditions  are  thresholds.  When  ily 
disturbance  causes  one  or  more  thresholds  to  be  m. 
exceeded,  the  slope  erodes  in  order  to  establish  il, 
new  equilibrium.  pci 


rson  and   Kirkby    (1972)   have   used   the   term 
e    of   maximum   slope"    to    describe   a   common 


iid 


Ca 
"angle 

threshold.      Essentially,    it   is   the  maximum  angle 
at   which   the   soil  on  a   slope   can  resist    failure  fte 
under  gravity.      It   is  based   on  concepts  of    soil  iiSi 
mechanics,    and    in   its    strictest    sense    can   only  bj 
applied   to   slopes  of   uniform,    unconsolidated 
material.      As  a  concept,    however,    it    clarifies  t| 
effect   of    thresholds   on  very   steep   slopes.      As  aliel 
slope   approaches   this  angle    (threshold),    it   be- 
comes more  and  more  unstable   until   its   stability 
depends   almost   entirely  on  a   specific   set    of    loc 
conditions    (such  as   root  biomass   or  moisture). 
Its   angle   of  maximum  slope,    in   the   strict   sense,|i:ts 
is  actually  exceeded.      The   term,    "overs teepened.ijttfei 
is   often   used   to   describe   this   metastable   condi-jtifci 
tion.      When  a  disturbance  occurs,    large   increaseiinui 
in  erosion  are  necessary   to  achieve  a  new  equili 
rium,    and   the   result    is   an  episode  of   high   sedi- 
ment  production.      Rice    (1974)    has   proposed   that,'; 
fundamental   change   in   the  dominant   erosion  proce 
ses   occurs   as    slopes   become  steeper,   and   mass-      ;v 
wasting   replaces   fluvial   processes.      He   further 
suggests    that    this    threshold   is    somewhere  arouni 
50   to   60   percent,    which   tends    to   agree  with  my      : 
observations.      In  California's   San  Gabriel  Moun- 
tains,   where  oversteepening   is   common,    large 
erosion  episodes  are   also  common,    and   the  ex- 
tremely high   rates   of    sediment   yield   reported  b]  . 
Bruington    (these    Proceedings)    should   be   consideii 
quite  normal. 

In  a  recently  completed  study,  Taylor  (1981  « 
these  Proceedings)  has  identified  six  major  inl< 
sedimentation  processes  in  coastal  southern  Cal:I 
fornia.  Rainsplash  and  channel  transport  are 
ubiquitous  processes  which  dominate  in  the  abseij 
of  the  other  four.  Creep,  landsliding,  dry  ravfli]  t 
and  sediment  flows  reflect  local  conditions  and|t*tt„j 
are  relatively  site  specific.  Dry  ravel  and  i^[i^„ 
landslides   are    characteristic    of    oversteepened   ||r!,.- 
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ironments  and  tend  to  dominate  in  southern 
ifornia's  mountains  and  offshore  islands.   Rice 
<74)  estimates  that  these  two  processes  account 
j  over  85  percent  of  the  erosion  in  southern 
I  ifornia's  chaparral  zone.   Brumbaugh  and  others 
jlese  Proceedings)  report  high  incidence  of  soil 
ppage  and  landsliding  on  heavily  overgrazed 
ta  Cruz  Island.   Sediment  flows  are  also  com- 
,  and  their  occurrence  is  often  related  to  fire 
lis  1981). 

nderson  and  others  (1959)  have  pointed  out  the 
rly  dry-wet  cycle  of  erosion  in  California, 
nnels  fill  during  the  dry  season,  mainly  by  dry 
el,  then  scour  in  the  wet  season  when  the  rains 
(duce  channel  flow.   Krammes  (1965)  found  that 
tnnel  filling  actually  occurs  throughout  the 
Br.   This  fill-scour  sequence,  operating  in 
yles  longer  than  1  year,  could  be  important  in 
Eermining  the  amount  of  sediment  produced  by 
age  flood  events  with  return  periods  of  several 
ers.   Vanoni  and  others,  and  Wells  have  sug- 
6 ted  that  the  low  rates  of  sediment  production 
ythe  storms  of  1980  in  southern  California  were 
B3ed  by  a  lack  of  sediment  supply  in  stream 
h:inels,  a  result  of  intense  channel  scour  by 
ILlar  storms  in  1978.   With  only  2  years  between 
hse  major  storm  events,  there  was  not  sufficient 
i'i   for  a  large  supply  of  sediment  to  accumulate 
Dthe  channels.   A  longer  time  between  such 
vits  would  allow  more  sediment  to  be  delivered 
ria  the  hill  slopes  to  the  channel,  and  thus  more 
o'Ld  be  available  for  transport  when  the  next 
V  It  occurred. 


'ire  is  common  to  all  Mediterranean  ecosystems 
a   probably  figures  more  prominently  in  their 
aigement  strategies  than  any  other  single 
a  or.   This  is  certainly  true  of  its  effect  on 
Liding  and  sediment  yield.   The  so-called  fire- 
Lid  sequence  (U.S.  Dep.  Agric,  Forest  Serv. 
9  >)  is  well  documented  in  California's  chap- 
ril,  and  has  been  obesrved  in  other  Mediter- 
aian  ecosystems  as  well.   Brown  (1972)  and 
u  ,ess  and  others  (1981)  have  described  its 
c  irrence  in  Australia,  and  Van  Wyk  (these 
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Proceedings)  reported  an  increase  of  suspended 
sediments  in  runoff  water  for  10  months  after 
prescribed  burning  of  South  Africa's  fynbos. 

The  effect  of  fire  on  flooding  and  sediment 
production  in  California  is  dramatic.   Rowe  and 
others  (1954)  have  estimated  that  sediment  yields 
in  the  first  year  after  fire  can  be  as  much  as  35 
times  normal.   Peak  flows  can  be  four  times  normal 
for  a  1-year  event,  and  34  times  normal  for  an 
event  with  aO. 1-year  return  period.   Wells  (1981) 
reported  that  the  sediment  yield  from  0.008-ha 
plots  on  a  50  percent  slope  in  California  chap- 
arral increased  by  over  two  orders  of  magnitude  in 
the  first  year  after  burning.   Boyle  (these  Pro- 
ceedings) presented  a  dramatic  case  study  in  which 
a  series  of  postfire  flows  caused  a  residential 
development  to  be  converted  into  a  floodway. 

The  immediate  cause  of  these  extremely  high 
flows  is  order-of-magnitude  increases  in  both 
sediment  bulking  ratios  and  total  runoff.   Normal 
rates  of  postfire  overland  flow  are  10  to  15  times 
the  prefire  rates,  and  increases  of  as  much  as  40 
times  the  prefire  rates  have  been  measured  (Rice 
1974).   Davis  (1977)  reported  that  sediment 
bulking  ratios  in  the  San  Gabriel  Mountains  in- 
crease from  40  to  60  times  in  the  first  year  after 
fire.   In  unburned  catchments,  sediment  makes  up 
from  1  to  2.5  percent  of  the  total  flow,  and,  for 
a  given  basin,  these  values  remain  quite  constant 
for  all  discharges.   After  fire,  sediment  makes  up 
from  30  to  60  percent  of  the  total  flow.   Indeed, 
many  postfire  flood  events  are  sediment  flows 
rather  than  water.   When  the  increases  in  runoff 
are  combined  algebraically  with  the  increase  in 
bulking  ratio,  the  results  are  very  near  those 
values  reported  by  Rowe  and  others  (1954). 

The  underlying  reasons  for  these  increases  in 
runoff  and  bulking  ratio  are  not  fully  understood 
and  are  the  subject  of  many  current  studies.   The 
most  obvious  fire  effect  is  removal  of  vegetation 
and  litter  from  an  area;  removal  of  litter  has 
been  shown  to  increase  sediment  production  (Brock 
and  DeBano,  these  Proceedings).   This  removal 
exposes  the  soil  surface  to  the  undiminished 
impact  of  falling  raindrops,  which  has  been  shown 
to  be  the  major  source  of  energy  for  "sheet" 
erosion  during  storms  (Mutchler  and  Young  1975). 
Young  and  Wiersma  (1973)  found  that  raindrop 
energy  accounted  for  over  90  percent  of  all  the 
movement  of  sediment  into  rills  from  interrill 
areas  and  for  about  10  percent  of  the  total  sedi- 
ment transport  off  a  site.   Dunn  and  others  (these 
Proceedings)  have  found  that  a  unique  postfire 
community  of  heat-shock  fungi  imparts  some  ability 
to  recently  burned  soils  to  resist  detachment  by 
raindrop  impact.   The  full  range  of  this  fungal- 
soil  interaction  is  currently  under  study. 

Two  other  important  postfire  erosion  processes 
are  dry  ravel  and  rill  formation.   Dry  ravel  has 
been  shown  to  increase  substantially  after  fire 
(Krammes  1960),  and  changes  induced  in  the  par- 
ticle-size distribution  of  soils  by  heating  in  a 
fire  may  play  a  part  in  this  increase  (Duriscoe 
and  Wells,  these  Proceedings).   After  the  first 
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winter  stornis,  the  most  striking  erosional  fea- 
tures on  freshly  burned  slopes  are  the  numerous 
rills.   There  is  considerable  qualitative  evidence 
to  suggest  that  water-repellent  soil  and  extensive 
rill  formation  on  burned  slopes  are  closely  linked 
(Wells  1981),  and  fire  in  chaparral  is  known  to 
produce  a  layer  of  water-repellent  soil  a  few 
centimeters  beneath  the  soil  surface  (DeBano 
1981). 

The  fire  effect  does  not  last  long.   Rowe  and 
others  (1954)  estimated  that  whole  basins  return 
to  normal  in  8  to  10  years.   Brown  (1972)  found 
that  4  to  5  years  was  sufficient  for  recovery  in 
Australia.   Plot  studies  indicated  that  hill 
slopes  in  California  chaparral  recover  in  3  years 
(Wells  1981).   Van  Wyk  (these  Proceedings)  re- 
ported that  only  10  months  are  required  in  South 
Africa's  fynbos. 


hanagement  Implications 

The  cost  of  sediment  management  can  be  very 
high  even  without  the  effect  of  fires.   Bruington 
(these  Proceedings)  reported  that  sediment  control 
on  one  reservoir  in  the  San  Gabriel  Mountains  has 
cost  almost  $1/2  million  per  year  for  45  years. 
The  costs  of  postfire  flooding  in  Harrison  Canyon 
(Boyle,  these  Proceedings)  are  equally  impressive. 
In  land  use  planning,  we  must  fully  understand  the 
magnitude  of  the  forces  we  are  dealing  with  and 
the  time  periods  over  which  they  operate.   Only 
then  will  we  be  successful  in  managing  their 
effects. 


WATLR  YIELD 

Another  problem  shared  by  most  Mediterranean 
areas  is  a  relative  scarcity  of  water.   Most  of 
the  drainages  in  these  areas  are  ephemeral  washes, 
and  there  are  few  perennial  streams.   The  ever- 
increasing  demands  for  water  are  forcing  us  to 
look  for  ways  to  increase  usable  runoff  in  these 
areas.   Franklin  (these  Proceedings)  has  reported 
that  this  is  one  of  the  iiiajor  land  management 
goals  of  the  State  of  California. 

The  two  major  approaches  to  increasing  water 
yield  in  the  western  United  States  have  been 
vegetation  manipulation  (usually  type  conversion) 
and  periodic  prescribed  burning.   Water  har- 
vesting— the  use  of  prepared  catchments  to  collect 
rainfall — is  quite  common  in  Australia  and  Israel 
but  has  found  limited  use  in  the  United  States 
except  in  parts  of  Hawaii  (Myers  1975).   Hibbert 
and  others  (these  Proceedings)  have  looked  into 
both  vegetation  manipulation  and  prescribed  fire 
as  ways  to  increase  runoff  in  Arizona  chaparral. 
Their  results  seem  to  indicate  that  the  response 
to  vegetation  manipulation  is  better  than  that  to 
prescribed  burning. 

Attempts  to  increase  water  yield  have  been  made 
in  southern  California,  and  increases  have  been 
noted  after  both  fire  and  type  conversion  (ColTnan 
1953,  Crouse  1961).   However,  accelerated  erosion 
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in  the  wake  of  these  efforts  has  been  a  major 
problem  (Orme  and  Bailey  1970,  Rice  1974),  and  t||«'f 
costs  frequently  outweigh  the  benefits.   One  of 
the  problems  with  using  fire  is  the  increase  in 
bulking  ratios  found  by  Davis  (1977).   It  is 
difficult  to  recover  usable  water  from  flows  whi 
are  30  to  60  percent  sediment,  and  disposal  of  t 
sediment  is  also  a  problem.  ^ 


i 
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It  must  be  expected  that  any  attempt  to  in- 
crease water  yield  will  probably  incur  a  cost  ir 
teinns  of  increased  sediment  yield.  The  relative 
magnitude  of  this  cost  will  diminish,  however,  a 
the  demand  for  water  continues  to  grow.  It  seen 
certain,  therefore,  that  ways  to  minimize  this 
trade-off  will  be  an  important  subject  for  futui 
hydrologic  research.  Increased  water  productior 
is  already  a  major  management  goal. 


WATER  QUALITY 

Water  quality  received  the  least  attention  of 
the  three  major  problems  addressed  in  this  ses- 
sion. Perhaps  this  is  related  to  the  problem  ofi 
water  scarcity.  When  water  is  scarce,  we  don't 
worry  as  much  about  its  quality.  As  we  are  able 
to  increase  water  yield  and  as  our  management 
becomes  more  intensive,  water  quality  must  receilJei 
more  attention.  Only  three  aspects  of  water 
quality  will  be  discussed  here:  nutrients  in 
streams,  suspended  sediments  (turbidity),  and 
thermal  pollution.  Problems  such  as  industrial 
pollution,  and  the  effects  of  road  construction 
and  fire  control,  are  too  complex  to  be  adequatt 
addressed.      Again,    fire  has    important    effects 
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Thermal   pollution  changes    the    rates   of   both 
chemical  and   biological  activity   in  natural  Ki 

streams,    and    thus    influences    the   chemical  makeup 
of    the   water   delivered.      It   also   has  a   direct 
effect   on   the   streams'    suitability   as   a   fish 
habitat.      Streamside    vegetation   is   an   important 
component   of    most   Mediterranean   ecosystems   and   J 
extremely   important    in  maintaining   stream   tempe: 
ature.      Any   degradation  of    such   vegetation   by 
fire,    recreational   use    of    the  area,    or   clearing 
results    in   much   higher   mean    temperatures   with 
large    diurnal    fluctuations.      Heating  by   fire 
itself    does   not   seem   to   have   a   significant   effec 
(Norris  and   others    1978) 
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Elevated  levels  of  nutrients  in  runoff  water 
following  fire  have  been  reported,  but  none  are 
high  that  they  actually  become  pollution  probler 
Tiedemann  and  others  (1979)  reported  that  sever 
workers  in  the  United  States  have  found  increase 
in  N0--N,  NH,-N,  and  organic-N,  as  well  as  in 
major  cations  (Ca,  Mg,  Na,  and  K).  Van  Wyk  (th( 
Proceedings)  found  major  increases  in  Na  and  CI 
and  minor  changes  in  SO,  and  HCO  after  fire  in 
the  fynbos  of  South  Africa.   Riggan  and  Lopez 


Riggan,  P .  R. ;  Lopez,  E.  L.  Nitrogen  cycling 
in  the  chaparral  ecosystem.   Paper  presented  at 
Western  Society  of  Naturalists  meeting; 
December  27-29,  1979,  Pomona,  California. 
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orted  elevated  NO  -N  levels  in  runoff  from 
parral  sites  that  have  been  converted  to  grass, 
y  also  found  high  NU^-N  levels  in  storm  runoff 
lative  to  base  flow  levels)  in  the  San  Gabriel 
ntains.  ,Dry  deposition  from  the  smog  of  nearby 
Angeles  and  NO  -N  in  rainfall  (Liljestrand 
Morgan  1978)  may  account  for  part  of  this. 

Suspended  sediment  is  often  the  most  signifi- 
t  type  of  pollution.   Increases  in  suspended 
iment  following  fire  have  been  reported  from 
tralia  as  well  as  the  United  States  (Brown 
2,  Tiedemann  and  others  1979).   Turbidity  is 
just  a  fire  effect;  almost  any  disturbance  to 
ecosystem  can  result  in  turbidity  in  nearby 
leams.   Anderson  and  others  (1976)  reported 
ritfold  increases  from  logging  operations  in 
thern  California.   Because  cations  are  adsorbed 
suspended  clay  particles,  turbidity  can  be  an 
jrtant  factor  in  nutrient  loss. 


IROLOGIC  MODELING 

|\s  our  knowledge  of  the  environment  advances, 
need  for  a  systems  approach  to  it  becomes  more 
irent,  leading  to  the  use  of  models  that  can 
idly  generate  information  needed  for  informed 
igement  decisions.   Two  models  have  been  dis- 
ied  in  these  sessions.   Anderson  and  Phillips 
se  Proceedings)  presented  a  method  for  using 
sting  data  to  evaluate  the  effects  of  fire  on 
ferent  hydrologic  parameters.   Rice  and  others 
ise  Proceedings)  presented  a  model  which  pre- 
l;s  changes  in  hill  slope  stability  under  dif- 
int  fuel  management  strategies.   The  former  is 
.gned  primarily  to  assist  managers,  while  the 
:er  has  both  research  and  management 
.ications. 

lodeling,  though  an  important  tool  in  our 
:ipline,  must  be  carefully  used.   Many  hydro- 
c  models  outstrip  the  data  base  in  sophisti- 
.on,  so  that  highly  refined  models  are  often 
'.  to  process  very  crude  data.   As  a  result,  the 
jers  reflect  the  model  rather  than  the  data, 
,real  need  in  hydrology  is  for  more  data  suit- 
for  use  in  the  models. 


LUSIONS 


he  Mediterranean-type  regions  of  the  world  are 
active  places  to  live  and  will  continue  to 

in  population,  with  accompanying  growth  in 
er|neeQ  for  more  intensive  land  management.   This 
,  in  turn,  demands  that  we  understand  the 
ral  processes  operating  on  these  lands  better 

we  ever  have  before.   These  discussions 
est  that  some  of  the  more  pressing  needs  are 
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-  A  better  understanding  of  fire's  effects  on 
sedimentation  and  flooding.   We  do  not  yet  under- 
stand the  fire-flood  sequence  well  enough  to  deal 
effectively  with  its  associated  problems.   High 
postfire  erosion  rates  result  from  a  major  change 
in  the  erosion  processes  operating  on  a  watershed. 
This  change  causes  all  sedimentation  processes  to 
reflect  both  the  frequency  and  intensity  of  fires. 

-  A  more  detailed  study  of  steepland  erosion 
processes,  particularly  mass-wasting.   Methods  for 
dealing  with  erosion  on  agricultural  lands  have 
often  proved  inadequate  in  mountainous  terrain. 

If  we  understand  steepland  erosion  processes,  we 
can  deal  with  them  more  realistically. 

-  A  quantitative  assessment  of  delivery  of 
sediment  to  channels,  storage  of  sediment  in 
channels,  and  transport  of  sediment  through  chan- 
nels.  A  series  of  sediment  budget  studies  cover- 
ing different  environmental  conditions  (postfire, 
fuelbreaks,  undisturbed,  etc.)  is  needed. 

-  A  greater  effort  to  increase  water  yield 
without  incurring  unacceptable  penalties  in  sedi- 
mentation and  pollution.   Combinations  of  tech- 
niques designed  for  specific  sites  should  produce 
the  best  results. 

-  More  studies  of  nutrient  loss  from  disturbed 
watersheds  and  the  process  by  which  it  occurs. 
Also  needed  are  studies  of  the  chemistry  of  natural 
streams  and  the  degree  of  variability  in  their 
chemical  makeup. 

-  A  stronger  and  more  widespread  effort  to  col- 
lect baseline  data  to  support  efforts  in  hydro- 
logic  modeling.   This  requires  the  establishment 
and  maintenance  of  more  data  collection  sites, 
particularly  for  sedimentation  data. 

For  my  final  comment,  I  must  mention  the  poten- 
tial of  prescribed  fire  in  sediment  management. 
Fire  affects  almost  every  part  of  the  ecosystem, 
and  its  selective  application  can  produce  many 
benefits.   Its  use  as  a  possible  means  of  in- 
creasing water  yield  has  already  been  mentioned, 
and  it  shows  real  promise  as  a  preemptive  tool  for 
reducing  the  potential  size  of  wildfires.   It  may 
also  be  useful,  in  a  similar  way,  as  a  sediment 
management  tool.   Erosion  in  mountainous  terrain 
cannot  be  stopped — nor  should  it  be.   Its  conse- 
quences, flooding  and  sediment  production,  have  to 
be  managed.   The  long-term  sediment  yield  rates  in 
the  San  Gabriel  Mountains  are  10  to  20  tonnes/hec- 
tare (5  to  10  tons/acre)  annually.   An  estimated 
70  percent  of  all  sediment  production  in  Cali- 
fornia's chaparral  is  triggered  by  fire  (Rice 
197A);  the  fire-flood  sequence  has  already  been 
mentioned.   Burning  catchments,  periodically,  in 
small  patches  produces  a  mosaic  of  different-aged 
vegetation,  lessening  the  chance  that  a  major  fire 
will  burn  an  entire  catchment  at  one  time.   Chan- 
nels can  usually  contain  the  postfire  flows  from 
these  smaller  prescribed  burns,  and  the  mosaic, by 
reducing  the  chance  of  burning  an  entire  catchment, 
also  reduces  the  chance  of  a  catastrophic  postfire 
flood. 
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jtribution  of  Lightning-  and  IVIan-Caused 
Idfires  in  California^ 


1  E.  Keeley- 


Wildfires  are   a  major  influence  on  the  struc- 
e  and  function  of  most  mediterranean-type  eco- 
Sitems  (Mooney  1977).  This  is  certainly  true 
('  the  brushland  and  forest  communities  of  Cali- 
(-nia.  Many  plant  species  in  these  communities 
'6  adaptations  such  as  basal  burls,  refractory 
Pds  or  serotinous  cones  which  are  generally  in- 
t-preted  as  evolutionary  responses  to  a  long  ass- 
D ation  with  fire.  In  light  of  this,  desirable 
nagement  of  such  fire-prone  systems  requires  an 
jlerstanding  not  only  of  the  present  character- 
i  ics  of  the  fire  regime  but  some  understanding 
)  the  prehistorical  (natural)  fire  regimes.  The 
)  pose  of  this  paper  is  to  provide  a  picture  of 
t  present  burning  pattern  in  California  and  att- 
;  t  to  evaluate  the  relationship  between  this 
)  tern  and  that  produced  under  "natural "  condi- 
;ns.  With  respect  to  fire  regime,  the  term 
'tural"  has  various  interpretations  (Keeley 
-)).  In  this  paper  I  will  be  using  the  term 
i  reference  to  the  fire  regime  unaltered  by  con- 
it  Dorary  or  aboriginal  man. 

The  question  "what  was  the  natural  fire  regime 
iiCalifornia  wildlands"  can  be  approached  several 
(<s.  Forested  ecosystems  provide  a  limited  view 
ipresettlement  fire  frequency  through  fire 
i(rs  on  long-lived  fire-resistant  trees  (e.g., 
;"gore  and  Taylor  1979).  Byrne  and  others  (1977) 
it3  approached  this  question  by  using  sediment 
:os  which  contain  charcoal  deposits  and  then 
k?loping  models  for  interpreting  these  deposits 
jr terms  of  the  presettlement  fire  regime.  A 

Il'-'d  approach  has  been  to  examine  the  recent  dis- 
f^ution  and  frequency  of  lightning  fires  and 
>"apolate  these  findings  to  estimates  of  preset- 
Inent  fire  frequency  (e.g.,  Keeley  1977,  Parsons 
press).  At  best,  each  of  these  methods  pro- 
i?s  a  limited  view  of  the  natural  fire  regime. 


Presented  at  the  Symposium  on  Dynamics  and 
lagement  of  Mediterranean  Type  Ecosystems; 
ie  22-26,  1981,  San  Diego,  California. 

'Assistant  Professor  of  Bioloqv,  Occidental 
liege,  Los  Angeles,  California  90041. 
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Abstract:   During  the  1970  decade  on  lands  under 
fire  jurisdiction  by  the  California  Division  of 
Forestry  (CDF)  and  the  United  States  Forest  Ser- 
vice (USFS)  there  were  over  100,000  wildfires, 
16.2  percent  of  which  were  lightning-caused  and 
these  accounted  for  13.1  percent  of  all  area  burn- 
ed. On  USFS  land,  August  is  the  peak  month  for 
lightning  fires  whereas  July  is  the  peak  for  man- 
caused  fires.  On  average,  lightning  fires  occur 
at  higher  elevations  than  man-caused  fires  and 
this  is  reflected  in  differences  in  the  types  of 
vegetation  providing  fuel  for  iginition.  The  num- 
ber of  lightning  fires  is  positively  correlated 
with  distance  from  the  coast  and  latitude  whereas 
the  number  of  man-caused  fires  is  negatively  corr- 
elated with  these  two  parameters.  Correlations 
between  other  parameters  are  presented  and  the 
question  of  "natural"  burning  patterns  is  discuss- 
ed. 

In  the  present  study  I  have  assembled  statis- 
tics on  the  distribution  of  wildfires  in  Cali- 
fornia. These  data  give  a  clear  picture  of  pre- 
sent burning  patterns  in  the  state.  Additionally, 
by  distinguishing  lightning-caused  and  man-caused 
wildfires  a  framework  is  provided  for  evaluating 
prehistorical  burning  patterns. 

METHODS 

Fire  statistics  spanning  the  1970  decade  for 
California  lands  under  the  jurisdiciton  of  the 
California  Division  of  Forestry  (CDF)  and  the 
United  States  Forest  Service  (USFS)  form  the  basis 
for  this  analysis.  The  terms  "CDF  land"  and  "USFS 
land"  will  be  used  to  indicate  lands  under  the  jur- 
isdiction of  those  agencies,  although  not  neces- 
sarily owned  by  them.  Data  on  the  number  of  fires 
and  hectares  burned  per  year  by  cause  was  avail- 
able from  both  the  CDF  and  the  USFS.  Detailed 
data  on  cause,  month,  elevation,  acreage  and  fuel 
type  of  ignition  for  every  fire  during  the  1970 
decade  was  available  only  from  the  USFS.  Since 
the  area  was  not  reported  for  fires  less  than  a 
quarter  acre  (.10  Ha.)  these  "spot  fires"  were 
arbitrarily  assigned  a  value  of  .1  acre  (.04  Ha). 
In  the  early  part  of  the  decade  several  realign- 
ments were  made  by  the  CDF  and  USFS.  These  were 
taken  into  account  and  statistics  are   presented 
for  forests  as  they  appe5ired  1979. 

These  data  were  computerized  and  analyzed  with 
the  UCLA  Biomedical  Statistical  Programs  (BMDP 
1977  series).  Since  CDF  ranger  units  and  USFS 
forest  districts  differ  in  size,  all  data  was 
standardized  and  expressed  on  a  per  million  hect- 
are basis. 

The  distribution  of  fires  was  evaluated  along 
a  gradient  from  the  coast  to  the  interior  and  a- 
long  a  latitudinal  gradient.  For  this  purpose 
each  ranger  unit  or  forest  district  was  assigned 
a  position  along  these  two  gradients  which  appro- 
ximated the  center  of  the  unit  or  district. 
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Table  1— Average  number  of,  and  area  burned  by 

lightning-caused  and  man-caused  wildfires  on  CDF 

and  USPS  land  in  California  during  the  1970  de- 
cade. 


CDF 
USFS 


No/Million 
Lightning 


Ha/Yr 
Man 


Ha/Million 
Lightning 


Ha/Yr 
Man 


31 
129 


541 
134 


416     3,347 
189         669 


RESULTS 

The  combined  California  Division  of  Forestry 
(CDF)  and  United  States  Forest  Service  (USFS)  land 
covered  by  this  survey  was  over  22.8  million  hec- 
tares. During  the  1970  decade  there  were  76,169 
fires  on  CDF  land  and  25,084  on  USFS  lands.  The 
distribution  of  these  fires  by  cause  is  shown  in 
table  1.  There  were  twice  as  many  fires  and  four 
times  more  area  burned  on  CDF  land  than  USFS land. 
On  CDF  land  only  5  percent  of  the  fires  were  cau- 
sed by  lightning  and  these  fires  accounted  for  11 
percent  of  the  area  burned.  Lightning  accounted 
for  49  percent  of  the  fires  on  USFS  land  but  these 
fires  burned  only  22  percent  of  the  total  area 
consumed.   In  general  lightning  fires  were  more 


Table  2--Breakdown  by  ranger  unit  for  average 
number  of,  andarea  burned  by,  1  iqhtning-caused  and 
man-caused  wildfires  on  CDF  land  during  the  1970 
decade. 


No/Mil  1  ion 

Ha/Yr 

Ranger  Unit 

Lightning 

Man 

1. 

San  Diego 

31 

914 

2. 

Orange 

4 

4,286 

3. 

Riverside 

27 

1,735 

4. 

San  Bernardino 

34 

934 

5. 

San  Luis  Obispo 

6 

325 

6. 

San  Benito-Monterey 

7 

307 

7. 

San  Mateo-Santa  Cruz 

7 

1,698 

8. 

Santa  Clara 

5 

402 

9. 

Sonoma 

7 

868 

10. 

Lake-Napa 

17 

490 

n. 

Mendocino 

40 

316 

12. 

Shasta-Trinity 

73 

539 

13. 

Humboldt-Del   Norte 

42 

289 

14. 

Tulare 

11 

172 

15. 

Fresno-Kings 

8 

103 

16. 

Madera-Mariposa 

36 

266 

17. 

Inyo-Mono 

6 

62 

18. 

Tuolumne-Calaveras 

28 

713 

19. 

Amador-El dorado 

23 

922 

20. 

Nevada-Yuba   Placer 

15 

217 

21. 

Butte 

43 

748 

22. 

Tehama-Glenn 

18 

201 

23. 

Siskiyou 

133 

253 

24. 

Lassen-Modoc 

134 

104 

'.'  !St 


common  on  USFS  land  than  on  CDF  land.  However Ji. 
on  average,  a  lightning  fire  on  CDF  land  burnec 
lOX  more  area  than  one  on  USFS  land.        ^:  ^ 

As  one  might  expect,  the  distribution  of  fir 
was  not  uniform  across  the  state.  A  breakdown, 
CDF  ranger  unit  and  USFS  forest  district,  of  wi' 
fires  is  presented  in  tables  2  and  3.  The  arrar 
ment  of  units  or  districts  is  more  or  less  frortip 
south  to  north  and  coast  to  interior  (see  fig. 
for  locations).  On  CDF  land  (table  2)  the  aver'\ 
age  number  of  lightning  fires  varied  from  a  lov' : 
of  4/million  ha/yr  in  the  southern  part  of  the 
state  to  a  high  of  134/million  ha/yr  in  the  nor>, 
ern  part  of  the  state.  A  similar  pattern  was  c-; 
served  on  USFS  land  (table  3)  with  lightning  fi?, 
frequency  varying  from  20/million  ha/yr  in  the 
southern  part  of  the  state  to  393/million  ha/yy 
in  the  northern  part  of  the  state.  Man-caused 
fires  showed  a  latitudinal  trend  opposite  to  tfs 
with  more  fires  in  the  southern  end  of  the  stai 
and  fewer  in  the  northern  end.  These  patterns  ■( 
evident  in  correlations  presented  in  table  4.  W.I 
all  ranger  units  and  forest  districts  considerf  ■ 
there  was  a  highly  significant  positive  correl; 
tion  between  lightning  fire  frequency  andlatitk 
and  a  significant  negative  correlation  between  ir^ 
caused  wildfires  and  latitude.  A  similar  pattei 
was  observed  with  respect  to  distance  from  the 
coast;  a  highly  significant  positive  correlatic 
with  lightning-caused  fires  and  a  highly  signii-, 
cant  negative  correlation  with  man-caused  fire; 
The  same  pattern  was  observed  with  respect  toau 
burned,  however  the  correlations  were  not  sign  i- 
cant  for  lightning-caused  fires. 


Table  2--(Continue; 


Ha/Million 

Ha/Yr 

Ranger  Unit 

Lightning 

Man 

1. 

San  Diego 

190 

2,803       ■ 

2. 

Orange 

3 

12,080 

3. 

Riverside 

1,553 

31,742 

4. 

San  Bernardino 

138 

1,086 

5. 

San  Luis  Obipso 

29 

4,384 

6. 

San  Benito-Monterey 

13 

5,344 

7. 

San  Mateo-Santa  Cruz 

1 

4,185 

8. 

Santa  Clara 

940 

6,859 

9. 

Sonoma 

5 

6,162 

10. 

Lake-Napa 

33 

12,618 

n. 

Mendocino 

55 

3,448 

12. 

Shasta-Trinity 

6,019 

2,401 

13. 

Humboldt-Del   Norte 

285 

4,547 

14. 

Tulare 

186 

3,646 

15. 

Fresno-Kings 

197 

9,182 

16. 

Madera-Mariposa 

1,253 

3,837 

17. 

Inyo -Mono 

31 

991 

18. 

Tuolumne-Calaveras 

197 

9,183 

19. 

Amador-Eldorado 

111 

13,050 

20. 

Nevada-Yuba  Placer 

13 

7,287 

21. 

Butte 

143 

4,455 

22. 

Tehama-Glenn 

211 

20,313 

23. 

Siskiyou 

329 

1,814 

24. 

Lassen-Modoc 

10,731 

546 

432 


Tile  3—  Breakdown  by  forest  district  for  aver- 
n   number  of,  and  area  burned  by,  lightning- 
Cised  and  man-caused  wildfires  on  USPS  land  in 
[;n'fornia  during  the  1970  decade. 


Table  3--(Continue) 


Cleveland 
;   Angeles 

San  Bernardino 
■    Los  Padres 
f  Mendocino 
t   Six  Rivers 

Klamath 
(   Shasta-Trinity 
?  Sequoia 
It   Inyo 
I.  Sierra 

Eldorado 

Stanislaus 

Lake  Tahoe  Basin 

Tahoe 

PI umas 

Lassen 

Modoc 


54 

433 

68 

372 

118 

380 

20 

97 

67 

53 

32 

80 

164 

58 

263 

242 

116 

56 

84 

74 

183 

138 

148 

172 

163 

136 

191 

1,147 

157 

154 

393 

297 

165 

79 

126 

21 

The  year-to-year  variability  in  number  of  fires 
i|a  particular  CDF  ranger  unit  or  USPS  forest 
I'trict  was  evaluated  by  comparing  the_coeffi- 
:  nt  of  variation   (CV  percent  =   (SD  ;  X)   X  100). 
)  most  units  and  districts  CV  =  20-30  percent 
I    never  >50  for  man-caused  fires.   Number  of 


•jure   l--Distribution  of  CDP  ranger  units    (un- 
:;losed  numbers)   and  USPS  forest  districts   (en- 
:)sed  numbers)   listed  in  tables  2  and  3  respect- 

i!ly. 


Ha/Million 

Ha/Yr 

Forest  District 

Lightning 

Man 

1.   Cleveland 

36       12,101 

2.   Angeles 

1,256       20,190 

3.    San  Bernardino 

184 

3,919 

4.   Los   Padres 

2,237 

1,734 

5.   Mendocino 

24 

1,619 

6.   Six  Rivers 

4 

36 

7.    Klamath 

597 

171 

8.    Shasta-Trinity 

47 

1,709 

9.   Sequoia 

98 

1,559 

10.    Inyo 

25 

115 

11.    Sierra 

44 

1,879 

12.    Eldorado 

24 

593 

13.   Stanislaus 

130 

558 

14.   Lake  Tahoe  Basin 

19 

122 

15.   Tahoe 

101 

99 

16.   Plumas 

209 

530 

17.    Lassen 

200 

52 

18.   Modoc 

1,699 

396 

lightning-caused  fires  on  USPS  land  was  more  var- 
iable with  2/3  of  the  districts  having  CV  >50  per- 
cent (range  33-96  percent).  On  CDF  land,  number 
of  lightning-caused  fires  ranged  from  45-177  per- 
cent with  nearly  half  of  the  units  having  CV  >100 
percent. 

Variation  in  area  burned  per  year  was  much  more 
variable.  Lightning-caused  fires  had  CV  >200  per- 
cent for  half  of  the  CDF  units  and  USPS  districts. 
Man-caused  fires  were  equally  variable  on  USPS 
districts  but  less  on  CDF  units;  only  one  unit  had 
CV  >200  percent. 

Detailed  Analysis  of  Fires   (USPS  Lands  Only) 

Month 

Lightning-caused  fires  were  most  frequent  (32 
percent)  in  August  whereas  man-caused  fires  were 
most  frequent  (21  percent)  in  July.  Lightning- 
caused  fires  were  more  heavily  concentrated  during 
the  summer  with  73  percent  occurring  in  June,  July 
and  August  whereas  only  56  percent  of  the  man- 
caused  fires  occurred  in  these  months. 

Based  on  the  ten  year   averages  for  the  18  USPS 
forest  districts,  the  correlation  of  percent  of 
fires  occurring  in  each  month  from  June  to  Sept- 
ember, with  various  other  parameters,  was  analyzed. 
For  lightning-caused  fires,  distance  from  the 
coast  was  positively  related  to  the  percent  of 
fires  occurring  in  July  (r  =  +.52*)  and  negative- 
ly related  to  the  percent  in  September  (r  =  -.76 
**).  Latitude  was  positively  related  to  percent 
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Table  4--Correlation  of  distance  from  the  coast 
and  latitude  with  average  number  of,   and  area 
burned  by  lightning-caused  and  man-caused  wild- 
fires  for  all    CDF  ranger  units  and  USFS  forest 
districts   in  California   (N  =  42). 


Distance 

From 

Latitude 

Coast 

Lightning 

No/Million  Ha/Yr 

r  =  +  .37** 

r  =  +  .49** 

Ha/Million  Ha/Yr 

r=..20^S 

r  =  .  .14^5 

Man 

No/Million  Ha/Yr 

r  =  -.39** 

r  =  -.34* 

Ha/Million  Ha/Yr 

r  =  -.39** 

r  =  -.34* 

NS  =  P  >0.05 

*  =  P  <0.05    **  =  p  <0.01 

in  June   (r  =  +.50*),  mean  elevation  was  positively 
correlated  with  percent  of  fires   in  July   (r  +.61 
**)   and  negatively  correlated  with  percent   in 
September   (r  =  -.62**).     The  number  of  lightning- 
caused  fires   (per  million  ha  per  yr)   was  positive- 
ly related  to  the  percent  occurring   in  June   (r  - 
+.65**). 

For  man-caused  fires  there  was  a  positive 
correlation   (r  =  +.54*)   between  distance  from 
the  coast  and  percent  of  fires  in  September. 
Latitude  was  positively  related   (r  =  +.47*)   to 
the  percent  in  August.     As  with  lightning-caused 
fires,   the  average  number  of  man-caused  fires  was 
positively  related   (r  -  +.55*)   to  the  percent  of 
fires  occurring   in  June.     The  average  area  burned 
by  man-caused  fires  was  negtively  correlated   (r  = 
-.58**)  with   the  percent  of  fires  occurring   in 
August. 

Elevation 

The  elevational  distributed  of  lightning- 
caused  and  man-caused  wildfires  on  USFS  land 
are  shown  in  figure  2.  Lightning  fires  typically 
occurred  at  higher  elevation  than  man-caused  fires, 
and  the  latter  were  more  broadly  distributed  over 
the  elevational  gradient. 

A  breakdown  by  forest  is  shown  in  table  5. 
The  average  elevation  of  lightning  fires  on  a 
forest  (not  shown)  was  positively  related  to  the 
average  elevation  of  man-caused  fires  (r  =+.78**). 
Average  elevation  was  also  positively  correlated 
with  distance  from  the  coast  for  both  lightning- 
caused  (r  =  +.59**)  and  man-caused  (r  =  +  .80**) 
fi  res. 

Correlation  analysis  between  ^redi   burned  per 
fire  and  elevation  of  that  fire  showed  no  sign- 
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Figure  2--Elevational   distribution   (meters)  of 
lightning-caused  and  man-caused  wildfires  on 
USFS  lands  in  California  during  the  1970  decad 


ificant  relationship  when  analyzed  across  the 
state.     Analysis  within  particular  forests  she 
two  forests  with  weak  but  highly  significant  n 
ative  correlations  between  size  and  elevation 
lightning  fires:     San  Bernardino  r  =   -.14**  (N 
548)   and' Sierra  r  =   -.15**   (N  =   1,032). 

Area  Burned 


Size  of  individual  fires  was  exceedingly  va 
iable.  On  USFS  land  97.6  percent  of  lightning 
caused  fires  and  92.3  percent  of  man-caused  fi 
were  "spot-fires"  (<.l  ha.).  The  remaining  fi 
ranged  as  high  as  17,800  ha  for  lightning-caus 
to  47,400  ha  for  man-caused  fires.  For  the  12, 
lightning-caused  fires  CV  =  5103  percent  and 
12,796  man-caused  fires  CV  =   3816  percent. 


The  percent  of  fires  on  a  forest  district  e 
spot  fires  was  positively  related  to  distance 
from  the  coast  and  latitude  for  both   lightninc 
caused   (r  =  +.63**,   r  =  +.50*)   and  man-caused 
(r  =  +.58**,   r  =  +.65*)   fires.      For  man-causec 
fires  the  size  of  the   largest  fire  during  the 
decade  was  negatively  correlated   (r  =   -.56*)  ' 
lati  tude. 

Fuel   Type  of   Ignition 

Table  6  shows  the  distribution  by  fuel  type 
for  wildfires  on  USFS  lands.  The  majority  of 
lightning-caused  wildfires  occurred  in  timber 
vegetation,  including  hardwoods  as  well  as  cor 
ferous  communities.  Grasslands  which  includec 
meadows  and  scattered  woodlands  was  the  fuel 
for  only  7%  of  the  lightning-caused  fires  wher 
27%  of  the  man-caused  fires  occurred  in grassla 


The  percent  of  lightning-caused  fires   ignil    ''" 
in  chaparral   was  negatively  correlated  with  di 
tance  from  the  coast   (r  =   -.46*)   and  latitude 
(r  =    -.66**).     The  percent  igniting  in  timbere 
vegetations  was  positively  related  to  distance] 
from  the  coast   (r  =  +.56*)  latitude   (r  =  +. 
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ig  5--Distribution,   by  elevation,  of  lightning- 
ed  and  man-caused  wildfires  on  California 
t  under  USPS  jurisdiction  during  in  the  1970 
ide. 


Table  5--(Continued! 


Percent 

by  Elevation 

Liqh 

tning 

<1067m 

- 

>1676m 

;st 

(3500') 

(5500') 

Cleveland 

18 

60 

22 

Angeles 

7 

44 

49 

' San  Bernarc 

ino 

4 

23 

73 

Los  Padres 

20 

41 

39 

Mendocino 

19 

59 

22 

Six  Rivers 

47 

51 

2 

Klamath 

20 

54 

16 

1  Shasta-Trinity 

32 

54 

14 

Sequoia 

3 

11 

86 

Inyo 

0 

1 

99 

Sierra 

5 

21 

74 

Eldorado 

6 

28 

66 

Stanislaus 

32 

54 

14 

Lake  Tahoe 

Basin 

1 

0 

99 

Tahoe 

3 

21 

77 

Plumas 

5 

44 

51 

Lassen 

6 

41 

57 

Modoc 

0 

75 

25 

average  area  burned  each  year  by  lightninq- 
,5ed  fires  was  negatively  correlated  (r  =-.53*) 
the  percent  igniting  in  timbered  vegetations, 

or  man-caused  fires  the  percent  igniting  in 
slands  was  negatively  correlated  (r  =  -.71**) 

1  distance  from  the  coast.  The  percent  ignit- 
in  chaparral  was  negatively  correlated  (r  = 

9**)  with  latitude.  The  percent  igniting  in 

)ered  vegetation  was  positively  correlated  with 
distance  from  the  coast  (r  =  +.71**)  and  lat- 

ie  (r  =  +.64**).  Additionally,  the  percent 

I  ting  in  chaparral  was  positively  correlated 

I I  both  the  number  of  fires  per  million  ha  per 

'  (r  =  +.63**)  and  the  area  burned  per  million 
)er  year   (r  =  +.77**).  As  with  lightning- 
■ed  fires  the  percent  igniting  in  timbered  veg- 
:ion  was  negatively  correlated  (r  =  -.72**) 
I  area  burned  per  million  ha  per  year. 


:USSION 

)ne  way  of  s 
'S  the  poten 
0  calculate 
ed  (calcula 
ranger  unit 
age  burned 
in  a  unit  o 
uently  than 
mate  of  the 

1  entire  area 

i  rict. 


ummarizing  the  data  which   illust- 
tial   burning  pattern  for  wildfires 
the  recurrence  interval   to  be  ex- 
ted  by  dividing  the  total    area   in 
or  forest  district  by  the  average 
per  year).     Although  some  regions 
r  district  are   likely  to  burn  more 
others,   the  numbers  is  a  rough 
number  of  years   required  to  burn 
under  jurisdiction  by  a   unit  or 


Percent 

by  Elevation 

Man 

<1067m 

>1676m 

Forest 

(3500') 

(5500') 

1. 

Cleveland 

72 

18 

10 

2. 

Angeles 

72 

15 

14 

3. 

San  Bernarc 

ino 

27 

31 

42 

4. 

Los  Padres 

82 

10 

8 

5. 

Mendocino 

53 

37 

10 

6. 

Six  Rivers 

87 

12 

1 

7. 

Klamath 

50 

39 

11 

8. 

Shasta-Trinity 

72 

23 

5 

9. 

Sequoia 

37 

33 

30 

10. 

Inyo 

24 

43 

33 

11. 

Sierra 

42 

29 

29 

12. 

Eldorado 

9 

30 

61 

13. 

Stanislaus 

24 

36 

40 

14. 

Lake  Tahoe 

Basin 

0 

0 

100 

15. 

Tahoe 

11 

25 

64 

16. 

Plumas 

32 

59 

10 

17. 

Lassen 

14 

69 

17 

18. 

Modoc 

1 

74 

25 

for  CDF  and  USES  lands.      It  is  not  clear  how  much 
confidence  can  be  placed  in  these  estimates, 
though  the  USES  data  for  the  Cleveland  and  Angeles 
Forests  suggests  there  may  be  a  great 
deal   of  value  in  them.     The  21   and  27  year  inter- 
val  for  these   largely  chaparral   covered  forests 
matches  quite  well   with  the  commonly  accepted  no- 
tion that  chaparral   presently  burns  on  a  20-30 
year  cycle. 

The  recurrence  interval   for  lightning-caused 
fires  is  of  little  value  in  terms  of  absolute 
numbers   but  mav  be  useful   for  comDaring  regions. 
For  example     Modoc  County  in  the  northeastern 
part  of  the  state  has  one  of  the  lowest  recur- 
rence intervals  based  on  both  CDF  data   (table   7) 
and  USES  data   (table  8). 


Table  6--Distribution,  by  fuel  type  of  ignition 
of  lightning-caused  and  man-caused  wildfires  on 
California  lands  under  USES  jurisdiction  during 
the   1970  decade. 


ables   7  and  8  show  these  recurrence     intervals 


Percent 

Lightning 

Man 

Grassland 

7 

27 

Sage 

3 

2 

Chaparral 

19 

22 

Timber 

50 

39 

Non-vegetation 

<1 

10 
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Table  7--Calculatecl  recurrence  interval   for  light- 
ning-caused wildfires  alone  and  all  wildfires  on 
CDF  land.     Recurrence  interval    in  years  =  total 
area/average  aredi  burned  per  year. 


ger  Unit 

Yea 

rs 

Ran 

Lightning 

All    Fires 

Fires  Alone 

1. 

San  Diego 

3,117 

197 

2. 

Orange 

37,857 

9 

3. 

Riverside 

281 

13 

4. 

San  Bernardino 

3,280 

369 

5. 

San  Luis  Obispo 

26,842 

174 

6. 

San  Benito-Monterey 

70,078 

369 

7. 

San  Mateo-Santa  Cru 

z     170,909 

167 

8. 

Santa  Clara 

772 

45 

9. 

Sonoma 

79,184 

63 

10. 

Lake-Napa 

19,541 

51 

11. 

Mendocino 

15,163 

239 

12. 

Shasta-Trinity 

103 

73 

13. 

Humboldt-Del    Norte 

2,695 

159 

14. 

Tulare 

3,585 

174 

15. 

Fresno-Kings 

2,899 

132 

16. 

Madera-Mariposa 

483 

119 

17. 

Inyo-Mono 

11,748 

355 

18. 

Tuolumne-Calaveras 

2,477 

52 

19. 

Ama dor-El  dorado 

3,267 

27 

20. 

Nevada-Yuba-Placer 

27,132 

48 

21. 

Butte 

2,786 

86 

22. 

Tehama-Glenn 

3,113 

32 

23. 

Siskiyou 

1,081 

166 

24. 

Lassen-Modoc 

55 

53 

Relating  lightning  fire  frequency  to  the 
natural   fire  frequency  for  a   region  such  as 
California   is  very  difficult.     Man  extinguishes 
most  lightning  fires   before  they  spread  very  far 
and  man  ignites  many  fires  which  consume  a  great 
deal   of  potential   fuel.     At  the  same  time  there 
is  no  a  priori    reason  to  assume  that  present  burn- 
ing patterns  reflect  natural   patterns.     Man  ac- 
counts for  most  of  the  acreage  burned  in  Californ- 
ia wildlands  and  these  fires  differ  greatly  from 
1 ightning-caused-fires  in  their  temporal   and 
spatial   distribution. 

Several   considerations  suggest  that  the  pre- 
sent burning  potential    is  greater  than   under  pre- 
historical   conditions,   at  least  for  some  regions. 
Man-caused  fires  occur  at  lower  elevations  than 
lightning-caused  fires  where  fuel   conditions  are 
more  conducive  to  fire  spread.     Also,   though  the 
data  from  this  study  does  not  reflect  this,   the 
weather  conditions  during  man-caused  fires  are 
more  conducive  to  fire  spread  than  during  light- 
ning-caused fires.      Lightning  caused  fires  con- 
sistently are  associated  with  thunderstorms  and 
thus  precipitation   (Snow  and  Kotok   1923) .  Undoubt- 
edly, many  of  these  fires  would  not  spread  very 
far  even  if  they  were  not  suppressed. 

One  observation   I  believe   is  reflective 


Table  8--Recurrence  interval  for  USFS  land  cal- 
culated as  in  table  7  except  two  estimates  were 
made  for  southern  California  forests,  one  basec 
on  a  10  year  average  for  the  area  burned  and  ar 
other  on  a  25  year  average  (additional  data  frc 
Keeley  1977). 


1.  Cleveland 

2.  Angeles 

3.  San  Bernardino 

4.  Los  Padres 

5.  Mendocino 

6.  Six  Rivers 

7.  Klamath 

8.  Shasta-Trinity 

9.  Sequoia 

10.  Inyo 

11.  Sierra 

12.  Eldorado 

13.  Stanislaus 

14.  Lake  Tahoe  Basin 

15.  Tahoe 

16.  Plumas 

17.  Lassen 

18.  Modoc 


Year 


Lightning 
Fire  Alone 


All    Fires 


5,679 

223 

2,529 

356 

17,975 

169,730 

1,406 

9,807 

12,230 

31,260 

12,725 

13,532 

3,080 

3,560 

4,803 

1,533 

2,690 

452 


(1,743) 
(554) 

(3,828) 
(854) 


17 
13 
113 
201 
265 
15,700 

1,093 
261 
725 

5,501 
294 
516 
583 
482 

2,434 
434 

2,133 
366 


(2 

(2 

:io' 


I 


of  this,   is  a  pattern  of  increasing  numbers  of 
ported  lightning-caused  wildfires  over  the  pas 
50  years.     This  was  earlier  reported  for  the 
Cleveland  National   Forest  in  Southern  Californ 
(Keeley  1977).      It  is  perhaps  best  illustrated 
data  from  Yosemite  National    Park.     Fire  record 
show  that  for  the  20  yr  period  beginning  in  19i 
there  were  17.2   (SD  =  11.2)   lightning-caused  f 
/yr  whereas  for  the  20  yr  period  ending  in  197' 
there  were  58.8  (SD  =  29.9)   lightning-caused  wi 
fires   (P<0.01    by  the  Mann  Whitney  U  Test).      I 
interpret  this  to  mean  that  50  yrs  ago  many  li^ 
ning  fires  were  allowed,  knowingly  or  unknowin 
to  burn  themselves  out  and  would  do  so  today  i 
given  a  chance.      Undoubtedly,  much  improved     d 
tection  available  today  accounts  for  this  phen 
enon.     What  it  suggests   is  that  many  of  the  li 
ning  fires  which  are  suppressed  as  spot  fires 
bably  would  not  have  developed  any  further  if  llffl 
alone.     Thus,   the  number  of  lightning  fires  duiing 
pre-fire  suppression  times,  which  would  have  pi- 
duced  sizeable  fires,   is  a  small   subset  of  the 
total   number  recorded  in   the  data   for  the  1970 
decade. 


One  conclusion  from  this  study  does  agree  w;h 
another  study      concerned  with  estimating  natur 

jl . ^  have  suggest) 


Jit 


'ire  frequencies.  Byrne  et.  al 


^Bryne,  R.  Michaelsen,  J.;  Soutar,  A.  FossJ 
charcoal  from  varved  sediments  in  the  Santa  Ba- 
bara  Channel:  An  index  of  wildfire  frequencij; 
in  the  Los  Padres  National  Forest  (735  A.D.  to 
1520  A.D. ).  Unpublished  Ms. 


436 


L 


;>ed  on  charcoal  depositsoff  the  coast  of  Santa 
:  bara,   that  whereas  fires  occurred  on  average 
(:e  e'jery  65  yrs  alona  the  coast  they  were  ap- 
[Dxirijately  twice  as  frequent  further  inland. 
"3ir  conclusion  is  reinforced  by  our  finding  of 
nighly  significant  positive  correlation  between 
ruber  of  lightning-caused  fires  and  distance 
lDm  the  coast. 

Other  estimates  of  prehistorical   fire  frequen- 
:(;s  are  suggested  from  studies  of  fire-scars   in 
"ng-lived  trees,   particularly  in  Sierrean  coni- 
-Tous  forests.     These  estimates  however  are 
oatly  affected  by  aboriginal    burning.      Data 
■om  Kilgore  and  Taylor   (1979;  as  discussed  in 
leley  1980)   show  clearly  the  tremendous  influence 
,  (  aboriginal    burning.      It  appears   that  aboriginal 
Irning  may  have  increased  the   "natural"   fire  fre- 
(ency  several -fold  and  to  have  had  a  substantial 
■pact  on  forest  structures  since  the  often  cited 
\ite-fir  invasion  of  mixed  conifer  forests  is 
(early  traceable  to  the  suspension  of  aboriginal 
Irninq  and  easily  20  years  prior  to  active  fire 
ippression   in   that  region.     That   lightning  fires 
ione  were  inadequate  to  produce  the  fire  frequen- 
(85  observed  from  fire-scar  data  was  also  sug- 
(Sted  from  observations  made  by  Reynolds   (1959). 

:riMARY 

The  data  presented  in  this  paper  gives  an  over- 
'ew  of  present  burning  patterns  in  California. 

-^framework  is  provided  for  evaluating  the  rela- 

onship  between  present  and  pass  fire  regimes. 

'e  natural  fire  regime  for  California  may  have 

■  insisted  of  fewer  fires  at  lower  elevations  than 
lesently  observed.  If  this  were  the  case  then, 
e  to  fuel  accumulation,  these  fires  would  have 
en  of  much  greater  intensity  than  is  commonly 
served  today.  Any  future  studies  which  use  this 
proach  to  evaluate  prehistorical  burning  pat- 

'  rns  will  need  to  go  beyond  simply  assembling 

'  ati sties.  A  modeling  approach  which  incorpo- 
tes  lightning  fire  distribution  with  fire  behav- 


iour characteristics,  topographical,  weather  and 
fuel  conditions  could  be  successful. 
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Fire  History  of  the  Santa  IVlonica  Mountains^ 
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Wakimoto^ 


Abstract:  The  Santa  Monica  Mountain  Range  in  I 3 
Angeles  County  is  the  only  rnajor  mountain  range  in 
the  United  States  of  America  that  divides  a  laia 
city,  Wildland  fire  history  of  the  area  was  irf 
vestigated  to  help  in  the  decision  making  process 
for  fire  and  vegetation  management.  Specif ica]/ 
the  fire  records  for  fires  over  40.5  ha  (100  aceSj 
were  analyzed  for  the  fire  exclusion  period  19],- 
1980.  Selected  fires  were  used  to  demonstrate  he 
predictive  effect  of  land  use,  clirrate,  vegetal  on 
topography,  fuel  loading  and  fire  suppression  fti 
ities  on  fire  patterns  and  fire  behavior. 


DESCRIPTION  OF  TEE  AREA 

The  Santa  Monica  Mountain  range  parallels  the 
Pacific  Coast  of  southern  California  in  Ventura  and 
Los  Angeles  Counties  at  34°05'N  latitude.   It 
stretches  for  a  distance  of  about  70  km  from  Ven- 
tura County  into  the  heart  of  the  City  of  Los  Ange- 
les to  the  east  (Figure  1)  and  thus  provides  an 
ideal  recreational  setting  for  over  10  million  peo- 
ple in  this  region.  At  its  western  extent  it  meas- 
ures 15  km  in  width,  narrowing  to  about  4  km  at  its 
eastern  boundary.  The  southern  boundary  is  the 
Pacific  Ocean;  the  eastern  boundary  consists  of  the 
cities  of  Santa  Monica  and  Beverly  Hills  and  the 
West  Hollywood  section  of  the  City  of  Los  Angeles, 
The  northern  boundary  is  the  Ventura  Freeway  (High- 
way 101) .  The  mountains  encompass  approximately 
97,000  ha  or  240,000  acres  (USDI,  1980). 

The  topography  of  the  mountains  is  characterized 
by  rugged  terrain  in  its  western  and  central  sec- 
tion. In  the  west,  Sherwood  Peak  rises  to  1175  m 
within  10  km  of  the  coast  and  in  its  central  sec- 
tion, Saddle  Peak  rises  to  885  m  within  4  km  of  the 
coast.  Almost  half  the  mountain  range  has  slopes 
exceeding  35  percent.  The  coastal  slopes  are  char- 
acterized by  steep  hillsides  that  descend  sudden- 
ly into  many  narrow  north-south  running  canyons. 

The  area  has  a  Mediterranean  climate  character- 
ized by  warm,  dry  summers  and  cool  winters  with 
approximately  80  percent  of  the  precipitation  fall- 
ing from  October  through  March.  The  90-year  mean 
annual  precipitation  ranges  fron  380  mm  to  400  rtm 
at  the  coastline  to  approximately  625  mm  at  the 
crest,  and  back  down  to  400  mm  at  the  inland  bound- 
ary along  the  Ventura  Freeway  (Los  Angeles  County 
Flood  Control,  1976) .  Climatic  averages  are  of  lim- 
ited value  as  the  rainfall  is  often  concentrated 
into  a  few  heavy  winter  storms  with  intervening 
periods  of  high  temperatures.  Thus  the  fire  season 
may  extend  into  January  during  drought  years. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean- type  Ecosystems ,  June 
22-26,  1981,  San  Diego,  California. 

'^Wildland  Resource  Scientist,  Head  Deputy  For- 
ester respectively,  Los  Angeles  County  Fire  De- 
partment, Los  Angeles,  California;  Assistant  Pro- 
fessor of  Wildland  Fire  Management,  University 
of  California,  Berkeley. 


The  natural  airflow  for  most  of  the  year  crejtej 
night  and  morning  downward  flows  of  air  from  th[ 
seaward  side  of  the  mountains  oyer  the  Santa  Md|lcc 
Bay.  In  the  afternoon  this  flow  is  carried  inljid 
by  the  Seabreeze  (USEPA.  1977) ,  During  the  suirer 
the  Catalina  eddy  penetrates  the  mountain  canycs 
to  a  considerable  distance  with  cool,  moist  mane 
air.  The  summer  fog  line  extends  up  to  the  coa,ta!: 
ridges  and  to  a  considerable  distance  into  the  an- 
yons,  From  late  Setpember  through  December  ancx;- 
casionally  even  into  January  and  February  the  0,2a: 
is  characterized  by  strong,  north  to  northeast6'|Ly 
foehn  winds,  locally  known  as  Santa  Ana  winds,  psi. 
winds  are  bom  as  high  pressure  areas  in  high  cs- 
ert,  great  basins  of  Utah  and  surroijnding  areas, (A 
they  descend  to  lower  elevations  they  become  hq, 
dry,  and  gusty  and  may  create  erratic  wind  patt|t:n.' 
v^en  meeting  the  local  mountain  winds.        ,' 
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Major  vegetation  types  found  in  the  Santa  Mc, 
Mountains  include  a)  coastal  sage  scrub,  v\^ich  j 
found  below  300  m  along  the  drier  coastal  slopej 
and  as  a  band  surrounding  the  higher  mountains; 
oak  woodland  on  some  northern  slopes  with  deep  ji 
soils  and  areas  relatively  protected  from  firej 
riparian  woodland  along  stream  channels  in  arei 
vihere  moisture  is  found  at  or  near  the  surface 
throughout  the  year;  d)  grasslands  of  prinaril} 
troduced  grasses  on  finer  textured  clay  soils 
may  be  saturated  during  the  rainy  season;  and  <| 
the  woody,  evergreen  chaparral  v\Aiich  is  the  mo:' 
coitition  vegetation  type. 


The  early  fire  history  of  California  as  wel|as 
the  Santa  Monica  Mountains  is  obscure.   Sampsoi' 
(1944)  ,  after  surveying  historic  documents  datJig 
back  to  the  15th  Century,  concluded  that  in  ar([is 
away  from  the  coast,  burning  by  Indians  had  li|!:le, 
influence  on  chaparral  distribution.   Drucker  [.93) 
stated  that  when  the  Spaniards  arrived,  they  fi'jindr 
a  hunting  and  gathering  society  of  Indians  v\^olprol; 
ably  used  fire  only  sparingly  to  increase  hunt;ig  ' 
success.  Once  a  fire  started  it  was  not  contrj-lec 
but  was  allowed  to  run  its  coiorse.  Other  auth|s  ^ 
maintain  that  Indians  practiced  primarily  sprij 
burning  to  maintain  grasslands  (Lewis,  1973).  'Ud 
fires  would  be  of  limited  extent.   Brown  (1978iCii 
ed  Dana  as  reporting  extensive  fires  in  the  cojsta 
ranges  of  southern  California  in  the  1830 ' s . 

Burning  by  Indians  and  settlers  often  endansr- 
ed  settlements  as  well  as  livestock  ranges.   I 
1793  Governor  Jose  de  Arilleja  issued  Califom|i's 
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rst  fire  control  law  prohibiting  any  kind  of 
iming  that  may  be  detrimental  to  someone  else 
jse   and  Bonnicksen,  1978) .  With  California 
latehood  in  1850,  fire  control  became  the  re- 
)onsibility  of  the  individual  landowners.  Delib- 
•ately  set  fires  increased  as  they  served  as  a 
)st-effective  way  of  opening  up  chaparral  for 
:cess,  development,  grazing,  ranching  and  mining, 
wever,  it  is  unlikely  that  this  period  greatly 
■fected  the  fire  history  of  the  Santa  Monica 
)untains  until  1900. 

■  The  period  1900  to  1918  was  characterized  by 
iny  large  fires  that  burned  the  area  on  an  aver- 
(e  of  at  least  two  times  (Santa  Monica  Evening 
itlook  1900-1918).   In  1919,  the  Forestry  Depart- 
mt  was  established  as  fire  suppression  agency 
ir  the  unincorporated  areas  of  Los  Angeles 
lunty  and  began  maintaining  records  of  all  fires, 
gure  1  illustrates  these  records  as  frequency  of 
■res  over  40.5  ha  (100  acres)  for  the  fire  ex- 
-usion  period  1919-1980  and  shows  that  the  high- 
it  fire  frequency  was  historically  located  in 
le  coastal  zone.  The  coastal  zone  from  about  Las 
■.ores  Canyon  to  beyond  the  Ventura  County  line 
'■s  burned  3-5  times  giving  an  average  bum  fre- 
lency  of  from  12.4  to  20.7  years.   Smaller  areas 
•it  identified  on  the  map  burned  up  to  7  times, 
luntainous  areas  inland  of  the  ridge  line,  for 
■16  most  part,  burned  only  once.  The  3- fire  fre- 
■^lency  corridor  shown  in  the  Las  Virgenes-Mul- 
illand  block  was  created  by  fires  that  got  an 
islope  running  start  along  the  Ventura  Freeway  on 
•irth  slope  range  land  consisting  of  flash  fuel 
inual  grasses  and  coastal  sage.  These  fires 
':curred  during  strong  Santa  Ana  wind  conditions 
!  1958,  1970  and  1980. 


FIRE  FACTORS 

An  evalioation  of  the  factors  that  determine  fire 
patterns  in  the  Santa  Monica  Mountains  is  neces- 
sary to  understand  the   recorded  fire  history,  spec- 
ulate back  from  it  to  natural  fire  history  and 
predict  future  fire  patterns.  The  four  most 
inportant  factors  that  influenced  the  fire  history 
in  the  Santa  Monica  Mountains  are  land  use,  vege- 
tation, fire  topography  and  climate  (fire  winds) . 
They  will  be  reviewed  in  this  order. 

Land  Use 

Almost  every  fire  in  recorded  history  was  acci- 
dentally or  deliberately  set  by  man.  In  the  Santa 
Monica  Mountains,  lightning  fires  are  an  almost 
unknown  ignition  source  since  they  start  primarily 
in  the  wet  season  and  are  out  of  phase  with  the 
foehn  winds.  Before  1900  most  fires  were  started 
by  local  ranchers  and  homesteaders  during  weather 
conditions  that  prevented  the  developjnent  of  large- 
scale  fires.  However,  after  1900  the  increasing 
population  base  at  the  southeastern  end  of  tlie 
mountain  range   and  the  hunting  season,  which  co- 
incided with  the  fire  season,  served  as  ignition 
sources  of  carelessly  set  fires.  Sane  of  these 
fires  burned  uncontrolled  for  several  weeks  and 
caused  extensive  damage  to  ranchers  while  creating 
a  better  hunting  season  through  brush  regrowth. 
The  establishment  of  an  organized  fire  fighting 
force  in  1919  put  an  end  to  such  fires.  Since  then 
most  fire  starts  have  occurred  along  access  routes 
leading  into  or  through  the  mountains. 

Vegetation 

Many  of  the  coastal  slopes  are  covered  by  coast- 
al sage.  This  plant  CGstmunity  is  characterized  by 


Highway  101 
Ventura  County 
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^>:  area  burned  three  times 

#  area  burned  four  or  more  times 


t'^jure  1 — Fire  frequency  for  fires  over  40.5  ha  for  1919-1980  (Ventura  County  to  San  Diego  Freway) 
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drought  deciduoLis,  short-lived  shrubs  that  readily 
carry  a  fire  within  7-10  years  after  a  previous 
bum.  Chaparral  is  found  in  a  belt  above  the 
coastal  sage  slopes  and  becones  highly  flanmable 
on  south  slopes  within  15-20  years.  This  is  due 
to  the  preponderance  of  highly  flaititiable  chamise 
(Adenostoma  fasciculatum) ,  f loristic  conponents 
of  coastal  sage,  and  the  low  fuel  imoisture  of 
these  plants.  The  flamnability  of  chaparral  is 
high  until  the  third  to  fifth  season  after  a  fire 
because  the  short-lived  herbaceous  postfire  flora 
carries  the  fire  (Rothermel  and  Philpot,  1973) . 
Chaparral  is  quite  fire-resistant  from  5-15  or 
20  years  or  until  the  dead  to  live  fuel  ratio 
increases  such  that  hot  fires  can  again  be  sup- 
ported. North  slope  chaparral  consists  of  a 
mixture  of  more  mesic  species.  Except  in  periods 
of  extreme  drought  or  dry  foehn  winds,  this  con- 
munity  does  not  beccme  highly  flanmable  unless  the 
shorter-lived  perennial  species,  such  as  Ceanothus , 
die,  increasing  the  proportion  of  dead  fuel.  This 
generally  does  not  occur  for  at  least  20-25  years. 
Thus  coastal  chaparral  can  be  considered  relative- 
ly fire-resistant  for  the  first  5-15  years  or 
more  whereas  coastal  sage  may  be  highly  flammable 
after  7-10  years. 

The  flammability  of  individual  sites  depends 
on  a  variety  of  site  specific  factors.  However, 
during  intense  fire  conditions  fuel  moisture  is 
lowered  because  of  low  relative  humidity,  drying 
of  fuels  by  the  wind  and,  once  a  fire  has  started, 
the  preheating  of  vegetation  ahead  of  the  fire. 
Thus  the  more  flammable  coastal  sage  can  reduce 
the  greater  fire  resistance  of  south  slope  chamise 
chaparral  by  carrying  flames  upslope  into  the 
chaparral.  Similarly  south  slope  chaparral  can 
reduce  the  fire  resistance  of  north  slope  com- 
munities . 

Fire  Topography 

The  coastal  mountains  extend  east  to  west  with 
all  major  canyons  running  nojrth  and  south.  Weide 
(1968)  stated  that  in  the  eastern  part  of  the 
Santa  Monica  Mountains,  the  canyons  run  south  to 
southwesterly  or  parallel  with  the  fire  winds  so 
that  fires  will  be  channeled  up  the  canyon,  spread 
out  as  they  meet  the  ridges,  contract  again  as  they 
are  funneled  downhill  through  the  canyons  and  may 
fan  out  in  either  direction  as  they  reach  the 
beaches.  Weide  also  stated  that  this  close  lin- 
earity of  fire  winds  and  canyons  is  not  present  in 
the  western  section.  Here  the  fires  are  more  con- 
trolled by  the  direction  of  the  wind  and  are  thus 
more  irregular  in  shape.  However,  a  closer  analy- 
sis shows  that  these  generalities  need  to  be 
further  refined.  First,  the  central  and  western 
portions  of  the  range  have  much  steeper  canyons 
than  the  eastern  portion  so  that  fires  are  dif- 
ficult to  control.  Canyons  all  reach  from  the 
ocean  inland  whereas  in  the  eastern  portion,  from 
Pacific  Palisades  and  beyond,  fire  spread  is 
blocked  by  the  city.  Furthermore,  major  canyons 
in  the  western  section  run  primarily  northeast  to 
southwest  and  in  the  central  section  north  to 
south.  These  directions  parallel  the  fire  winds. 
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Wind  Patterns  (Climate)  g, 

I' 
Wind  and  fuel  moisture  are  the  two  most  utpo^ 
ant  elements  affecting  fire  behavior.  Wind 
primarily  controls  the  direction  and  spread  of 
fire.  It  also  affects  fire  behavior  by  reducin 
fuel  moisture,  increasing  the  oxygen  supply  nee 
for  combustion,  preheating  the  fuels,  and  bendifcj 
the  flames  closer  to  the  unbumed  fuels  ahead  o 
the  fire.  In  intense  wildland  fires,  the  upper 
airflow  may  have  a  different  direction  frcm  the 
surface  winds  and  may  influence  fire  behavior  b 
not  only  carrying  fire  brands  ahead  of  the  fire; 
but  also  into  new  directions  (Greenwood,  1962) . 

In  the  Santa  Monica  Mountains  large-scale  fi 
patterns  may  seem  erratic  but  they  are  predicta 
Airflow  is  guided  by  topography  into  the  north- 
south  facing  canyons  so  that  onshore  winds  are 
channeled  up  canyon  as  well  as  upslope  and  the 
foehn  or  Santa  Ana  winds  down  canyon.  This  is 
especially  noticeable  during  strong  northerly 
Santa  Ana  winds.  The  sharp  ridge  lines  produce' 
significant  turbulence  and  wind  eddies  on  the  IjS 
side.  Elddies  that  are  associated  with  the  rimsi. 
of  steep  canyons  may  rotate  and  result  in  moderjj 
to  strong  upslope  winds  that  are  opposite  to  th^  ' 
direction  of  the  winds  blowing  over  the  rim.  I 
general,  when  strong  winds  blow  through  steep 
canyons,  wind  eddies  can  beccttie  localized  in  be  Is 
in  the  canyons  or  the  mouth  of  tributary  canyon 
The  compressed  air  in  mountain  passes  also  resus 
in  horizontal  and  vertical  eddies  that  fan  the  .k 
out  as  it  descends  downs lope  on  the  leeward  sid' 

During  the  Santa  Ana  season  the  local  daytim 
wind  pattern  is  characterized  by  moderately  strig 
onshore  breezes  along  the  coast  and  gentle  to  w-ik 
upslope  and  up  canyon  winds  in  the  adjacent  mou; 
tain  areas.  The  nighttime  cooling  produces  dew-  , 
slope  and  offshore  winds  that  are  of  lesser  mag:,,- 
tude  than  the  daytime  winds  (Schroeder  and  Buck 
1970)  .  This  air  circulation  is  predcminant  at  le 
coastal  side  of  the  mountains,  especially  at  lo;r 
elevations.  Strong  Santa  Ana  winds  eliminate  t; 
local  wind  patterns  so  that  little  difference  i 
day  and  night  patterns  exist  in  the  initial  stass. 
As  the  Santa  Ana  wind  weakens,  it  shows  diurnal 
patterns.  During  the  daytime  a  light  onshore  sa- 
breeze  is  often  observable  along  the  coast  and 
light  upslope  winds  along  the  coastal  slopes. 
Such  weak  Santa  Ana  winds  are  held  aloft  along  le 
coastal  slopes  so  that  the  turbulence  and  stron 
up  and  down  drafts  found  on  the  lee  side  when 
strong  winds  blow  perpendicular  to  mountain  ranis 
are  not  found.  Furthermore,  the  air  in  the  sea 
breeze  may  be  returning  Santa  Ana  wind  which  is 
not  as  moist  as  the  marine  air.  After  sunset,  ir- 
face  winds  reverse  and  becone  offshore  downslop 
winds.  Increasing  air  stability  may  then  allow 
the  weaker  lee  turbulence  aloft  to  produce  the 
familiar  mountain  airwaves  that  hit  the  surfao 
of  leeward  slopes  and  produce  strong  downslope 
winds.  As  the  Santa  Ana  winds  weaken  further, 
normal  seasonal  and  diurnal  wind  patterns  retur 

Strong  Santa  Ana  surface  winds  that  push  the 
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!  re  in  a  southwestern  direction  up  the  inland 
runtain  slopes  often  change  their  direction  to 
:  uth  and  east  as  the  winds  are  funneled  into  the 
I  astal  canyons .  Thus  the  fire  is  fanned  east  up 
•  e  canyon  walls  at  the  same  time  it  continues  up 
id  down  canyon  in  a  southwesterly  direction 
J^ross  the  canyons.  This  is  especially  notice- 
fle  in  steep  terrain  and  areas  of  heavy  fuel 
lading. 


lALYSIS  OF  FIRE  PATTERNS 

When  an  organized  fire  department  was  estab- 
shed  in  1919  for  the  unincorporated  areas  of 
s  Angeles  County,  fuel  loading  in  the  Santa 
nica  Mountains  was  at  a  low  level.  Large-scale 
■res  had  burned  the  mountain  range  several  times 
tween  1900  and  1919.  Principally  among  the 
jay  fires  were  the  1903  Rindge  Fire,  the  1909 
llihu  Fire,  the  1910  Las  Flores-Temescal  Fires, 
1 2  1911  Santa  Monica-Ventura  Fires,  and  the  1913 
I panga-Escondido  Fires.  The  1911  fire  was  the 
rgest.   It  burned  the  mountain  range  for 
•Veral  weeks  and  extended  from  Santa  Monica  into 
ntura  County. 

"The  most  oanplete  fire  records  since  1919  are 
''■ailable  for  an  area  of  54,000  ha  extending 

jm  Ventura  County  to  San  Diego  Freeway  to  the 
-fst.  Further  discussions  will  pertain  to  this 
'■■ia.  When  fires  over  40.5  ha  are  analyzed  for 
'2  active  fire  suppression  period  1919-1980 
nir  cyclic  periodicity  is  readily  noticed.  Fig- 
■f?  2  shews  the  total  area  burned  per  decade  as 
I  LI  as  the  cumulative  area  burned,  and  illus- 

iites  that  the  overall  bum  cycle  averages  20 
irs.  As  the  fuel  loading  of  the  inland  chapar- 
L  increased,  more  and  more  of  its  vegetation 
43  incorporated  into  the  bum  cycle.  This  re- 
'iLted  in  the  steadily  increasing  peaks  of 
^'rtares  burned  as  listed  in  table  1. 
L 


Table  1  -  Fire  Size  By  Decade  (in  ha) 


1930       1950      1970 
Years 


1990 


'''rure  2 — 10  year  periods  and  cumulative  area 
j-ned  by  fires  over  40  ha  (1919-1980) 


Size  of  Fire 

Area  Burned 

Time  Period 

40-200 

200-400  400+ 

(in  ha) 

1920-29 

8 

1      2 

4,000 

1930-39 

3 

0      5 

20,000 

1940-49 

6 

0      4 

12,000 

1950-59 

8 

2      6 

23,500 

1960-69 

1 

1      3 

5,800 

1970-79 

4 

0      6 

26,500 

1980 

1 

0      1 

1,122 

31 

4     27 

92,922 

Table  1  shows  that  8  of  the  11  fires  (73  per- 
cent) for  the  decade  1920-29  ranged  in  size  fron 
40  to  less  than  200  ha.  Figures  for  1930-39,  1950- 
59  and  1970-79  are  60,  50  and  40  percent  respec- 
tively. Thus,  as  fuel  loading  increased,  the 
number  of  small  fires  decreased  and  large  fires 
increased.  With  the  present  land  use  pattern  and 
level  of  fire  protection,  it  is  predicted  that  the 
area  burned  per  year  for  the  period  1980-89  will 
average  800  to  1,200  ha;  a  yearly  reduction  of  at 
least  1,400  ha  burned  per  year  over  the  previous 
decade . 

Next,  the  fires  were  analyzed  for  the  time  of 
year  of  burning.  Figure  3  shows  that  the  total 
area  burned  prior  to  August  was  insignificant, 
that  it  was  relatively  low  in  August  (2,500  ha) , 
but  that  it  increased  sharply  thereafter.   It 
tripled  in  September  and  again  more  than  doubled 
in  October  (29,000  ha)  before  finally  declining 
for  the  rest  of  the  year.  Table  2  shows  that  of 
the  25  fires  under  200  ha,  20  or  80  percent  were 
encountered  prior  to  October.  Twenty- three  fires 
or  88  percent  of  all  fires  over  400  ha  were  en- 
coijntered  after  September.  Fires  prior  to  August 
started  almost  exclusively  in  annual  grassland 
or  degraded  sage. 


June  30      Aug  31     Oct  31      Dec  31 
Years 
Figure  3 — Monthly  and  cumulative  area  burned  by 
fires  over  40  ha  (1919-1980) 
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Table  2  -  Fire  Size  By  Time  of  Year  (in  ha)' 


Size 

of  Fire 

Area  Burned 

Time  Period 

40-200 

200-400 

400+ 

(in  ha) 

Feb-June 

2 

0 

0 

108 

July 
August 
September 
October 

8 
4 
6 

0 

0 
1 
0 
2 

0 
1 
2 
7 

664 

2,410 

12,786 

29,060 

November 

4 

0 

11 

24,840 

December 

1 

0 

5 

20,688 

25 

3 

26 

90,556 

The  month  of  year  of  some  of  the  earlier  fires 
is  not  known.  These  have  been  emitted. 

Individual  fires  seemingly  show  great  differ- 
ences in  burning  pattern.  Sane  are  confined  to 
the  inland  regions  and  never  reach  the  coast. 
Others  are  confined  to  the  ceiitral  region  and  nev- 
er reach  the  coast,  sane  bum  along  the  coast, 
others  bum  across  the  whole  mountain  range.  A 
history  of  fire  behavior  of  selected  fires  fol- 
lows in  an  effort  to  support  the  picture  of  the 
canposite  fire  history  discussed  so  far.  The 
fires  discussed  are  shown  in  figure  4. 

Fires  in  Initially  Strong  Northwest  Wind  Conditions 

The  1944  Woodland  Hills  Fire  started  near  the 
Ventura  Freeway  and,  fanned  by  northwest  winds, 
spread  in  a  southeastern  direction  for  about  9  km. 
Mulholland  Highway  was  an  effective  fire  barrier 
on  its  southern  flank  and  limited  the  size  of  the 
fire.  Large-scale  fires  during  northwestern  wind 
conditions  have  historically  been  effectively  con- 
trolled with  aggressive  backfiring,  hose  lines 
and  tractor  work.  The  present  use  of  helicopters, 
though  not  as  effective  as  aggressive  backfiring 
against  a  frontal  fire,  nevertheless  limits  these 
fires  in  size  with  the  slightest  break  in  fire 
weather . 

Fires  in  Santa  Ana  and  Onshore  Wind  Patterns 

IXiring  the  1935  Latigo  (Malibu)  Fire  light 
northeasterly  winds  allowed  the  local  updraft 
mountain  winds  to  spread  the  flames  upslope  and 
toward  the  ridge  line  where  they  were  picked  up 
by  the  light  Santa  Ana  breeze  and  pushed  toward 
the  west.  Hot  spots  still  burning  in  the  canyons 

j  Los  Angeles 

County       j  (San  Femando  Valley) 

Boundary j  Boundary  of  Santa  Monica 

-^  .•:■;•'   ■  •  •  • .  _Mountains 


would  lay  down  at  night  but  would  be  whipped  ini 
flames  early  in  the  morning,  making  another  run 
for  the  ocean.  Onshore  winds  and  local  surface 
winds  would  push  the  fire  again  uphill  and  easb 
ly  upslope.  Aggressive  backfiring  on  a  27  km  w. 
front  finally  contained  the  north  and  eastward 
spread  of  the  fire.  Thus  Santa  Ana  winds  coupL 
with  local  winds  are  responsible  for  spreading  [] 
flames  in  both  directions. 

Santa  Ana  Fires  from  Coastal  Ridges  to  the  Coas 


The  1956  Newton  Fire  started  in  the  upper  N( 
ton  Canyon  watershed  at  the  coastal  ridge  and 
raced  to  the  beach  vdiile  fanning  out  east  and  wl 
Changing  wind  patterns  make  the  coastal  mountai 
slopes  vulnerable  to  east  as  well  as  westward  f 
spread,  but  quick  aerial  response  and  ground  ac; 
make  it  now  possible  to  limit  the  eastward  spre 
of  a  coastal  ridge  fire. 

Santa  Ana  Winds  Fires  Spreading  from  Highway  10 


or  Mulholland  Highway  to  the  Coast 


itc 

m 

ii 
!ta 
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Pacific  Ocean 


Figure  4~Fires  that  swept  the  mountain  range 
from  north  to  soutli 


Fires  starting  along  the  inland  boundaries  c 
the  mountain  range  will  normally  becane  large  i 
they  are  pushed  by  strong  Santa  Ana  winds.  Sue 
fires  were  unknown  from  1919-1935,  were  unconmc 
until  1957 ,  but  have  since  then  occurred  at  lea 
once  every  decade.  Examples  of  such  fires  are 
the  1943  Woodland  Hills  Fire,  the  1956  Sherwood 
Fire,  the  1958  Liberty  Fire,  1961  Topanga  and  E 
Air  Fires,  the  1970  Wright  Fire,  and  finally  tl: 
1978  Kanan-Dume  and  Mandeville  Fires.  The  1978 
twin  fires  burning  through  stands  of  chaparral 
excess  of  50  years  old  show  the  reliance  on  the 
north  to  northeasterly  winds  to  set  fire  bound£(j 
despite  an  army  of  men  and  a  fleet  of  modem  f]'= 
fighting  equipment.  Today,  fire  fighting  persci 
nel  is  geared  to  saving  life  and  property  durir.' 
catastrophic  fires.  There  is  really  no  means  a  z 
controlling  such  fires  until  the  wind  dies  dowri  Hj 
or  the  fire  runs  out  of  fuel.  a 

Er 

FIRE  BOUNDARIES,  FIRE  FIGHTING  TECHNIQUES 

As  the  wind  dies  down,  fire  barriers  such  ai 
firebreaks,  roads  and  even  previous  bums  as  d. 
as  20-30  years  can  become  important  fire  boundc 
ries.  For  example,  the  southwestern  extent  of 
the  1978  Kanan-Dume  Fire  was  checked  and  prevei 
from  crossing  into  Ventura  County  by  the  l-yeaj 
old  Carlisle  bum.  Flames  in  the  1-year  bum 
were  supported  by  dead  stands  of  aerially  seed( 
annual  ryegrass  (Lolium  multiflorum)  and  dead 
herbaceous  annuals,  but  the  low  intensity  flami 
were  stopped  on  Decker  Road  despite  winds  gust: 
in  excess  of  60  km/hour.  The  westerly  flank  o: 
the  1958  Liberty  Fire  was  prevented  from  reach: 
the  beach  but  not  before  it  had  crossed  Latigo 
Canyon  Road  and  burned  several  km  into  a  2-yea 
bum.  The  southwestern  extension  of  the  1970 
Wright  bum  was  also  checked  by  a  3-year  old  b 
The  1978  ^1andeville  bum  wedged  between  the  19' 
Topanga  and  Bel  Air  Fires  and  made  a  run  in  chW*' 
arral  stands  in  excess  of  40  and  63  years.   It'M 


ati 
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revented  from  reaching  the  beach  when  it 
an  out  of  fuel  in  urban  developments  and 
he  strongly  gusting  Santa  Ana  wind  sub- 
ided. 

The  1935  Latigo  Fire  is  of  interest 
1  that  the  northern  extent  of  the  fire 
as  slowed  down  when  burning  through  a 
D-year  old  burn.   An  indication  that 
le  chaparral  was  not  highly  flammable  is 
lown  by  the  large  unburned  stands  along 
le  northern  boundaries  of  both  the  1925 
id  19  3  5  burns. 

The  shapes  of  both  the  1958  Warner 

.re  (Hourglass)  and  the  1943  Woodland 
lis  Fire  indicate  the  successful  use 

aggressive  backfiring  and/or  pinching 
f  the  flanks  of  fires  by  taking  ad- 

intage  of  strategic  fire  barriers,  such 
firebreaks,  roads  and  previous  burns. 

le  1943  fire  stretched  like  a  worm  from 

)odland  Hills  to  Point  Dume ,  an  aerial 
stance  of  approximately  23  km.   It 

lowed  that  southwesterly  spreading  fires, 
en  when  pushed  only  occasionally  by 

.nta  Ana  winds,  are  hard  to  control. 

ior  to  the  use  of  helicopters,  constant 

iareups  when  the  winds  picked  up  con- 
rted  many  seemingly  controlled  fires 
to  uncontrolled  fire  disasters.  The 
lue  of  a  helicopter  thus  lies  in  ex- 
nguishing  fires  through  aerial  water 
ops  as  soon  as  the  wind  dies  down  and 
tinguishing  many  spot  fires  before  they 
n  become  major  new  fires. 

ICLUSim 

This  study  showed  that  the  coastal  slopes  of 
J  Santa  Monica  Mountains  had  a  higher  fire  fre- 
sncy  both  in  the  prefire  suppression  period 
)0-1918  as  well  as  in  the  fire  suppression 
iod  1919-1980.  During  this  latter  period,  the 
fher  fire  frequency  was  found  predcminantly  in 
!  coastal  sage  vegetation.  Fire  suppression 

more  successful  in  the  inland  chaparral 
(ions.  This  resulted  in  a  steady  fuel  buildup 
af  1  a  shift  frcm  small  to  large  disastrous  fires, 
area  investigated  showed  a  cyclic  periodicity 
KJliarea  burned  of  about  20  years.  Coastal  sage 
itjetation  is  able  to  carry  large-scale  fires 
/gihin  10  years  after  a  bum,  south  slope  chap- 
aial  within  15  years,  and  north  slope  chaparral 
n  hin  20  years. 

^  MDst  large-scale  fires  occur  during  the  Santa 
■^  ^  fire  wind  conditions  frcm  mid-September 
^'ough  December.  The  probability  of  large-scale 
^  ;2s  is  also  enhanced  by  the  linearity  of  the 
■.2  winds  and  the  canyons.  When  taking  into 
•'■  '3unt  fuel  type ,  topography  and  other  site 
;;  .-if ic  factors,  it  is  therefore  possible  to 
'^iict  the  occurrence  of  large-scale  fires  and 
.  Ill  fire  managanent  techniques  inclusive  of 
' .  2  exclusion  and  prescribed  burning  more 
Krtively  to  reduce  high  fire  risks. 

It 
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Grazing,  Fire,  and  the  Management  of 
Vegetation  on  Santa  Catalina  Island, 
California' 


Richard  A.  Minnich'^ 


Santa  Catalina  Island,  located  70  km  south  of 
Los  Angeles,  California  has  experienced  a  limit- 
ed history  of  fires  during  the  20th  century. 
This  is  due  primarily  to  continuous  grazing  and 
denudation  of  chaparral,  coastal  sage  scrub  and 
herbaceous  fuels  over  the  past  150  years  by 
feral  goats,  pigs,  and  other  exotic  fauna.   This 
trend  is  an  extraordinary  anomaly  in  southern 
California's  mediterranean  climate  where  fire  is 
an  annual  possibility  in  most  wildlands.   Un- 
fortunately, the  present  "solution"  to  the  fire 
problem  is  accompanied  by  a  multitude  of  other 
problems.   These  include  island  wide  erosion, 
slope  failure,  destruction  of  indigenous  wild- 
life, and  decline  or  even  extinction  of  numerous 
plant  species,  some  of  which  are  or  were  island 
endemics  (Thorne  1967).  Because  of  the  devas- 
tation of  the  island.  The  Center  for  Natural 
Areas  ,  under  contract  with  the  Los  Angeles 
County  Department  of  Parks  and  Recreation,  has 
prepared  a  Natural  Resources  Management  Plan 
(CNA  1980)  on  which  this  study  is  based.   One 
recommendation  of  the  report  is  the  removal  of 
feral  herbivores,  especially  goats  and  pigs. 
Such  a  plan   if  implemented  will  result  in 
increasing  fire  danger  due  to  the  accumulation 
of  fuels  in  recovering  vegetation. 

This  study  documents  a  vegetation  history  of 
Santa  Catalina  Island  by  investigating  the  na- 
ture of  pregrazing  vegetation  on  I9th  century 
ground  photographs;  present  vegetation  as  mapped 
from  1976  color  infrared  aerial  photography; 
long-term  vegetation  change  as  seen  from  retakes 
of  old  photographs,  and  comparative  analysis  of 


^Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

Assistant  Professor  of  Geography,  Uni- 
versity of  California,  Riverside,  Calif. 
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South  Gardiner,  Maine 

Personal  communication  from  A.  Douglas 
Probst,  Santa  Catalina  Island  Conservarey 
September,  1979. 


Abstract:   19th  century  ground  photos  and  aeria 
photographs  reveal  that  chaparral  and  coastal 
sage  scrub  on  Santa  Catalina  Island  resembled 
modern  stands  on  mainland  coastal  areas  ca.  150 
years  ago,  but  were  converted  into  an  open 
herbaceous  savanna  due  to  overgrazing  by  feral 
goats,  pigs,  and  other  exotic  fauna.   This 
transformation  has  limited  fires  due  to  con- 
tinuous removal  of  fuels.   Browsing  has  also 
modified  the  floristic  composition  of  brush- 
lands.   Removal  of  feral  herbivores  will  result 
in  rapid  vegetal  recovery  and  increasing  fire 
danger. 


1944  and  1976  comprehensive  vertical  aerial 
photography.   From  these  data  I  speculate  on 
past  vegetation  change,  future  fire  potential, 
and  management  of  brushland  fuels  if  feral  an- 
imals are  removed. 


GRAZING  HISTORY 

Grazing  became  important  on  Santa  Catalina 
Island  soon  after  attainment  of  statehood 
(1850).  Commercial  sheep  and  cattle  grazing 
continued  on  Santa  Catalina  until  the  early 
1950 's  when  most  of  the  domestic  stock  was  re- 
moved.^ The  goat  is  thought  to  have  been 
introduced  to  Santa  Catalina  during  the  late 
years  of  Mexican  occupation  (1820-1840,  Coblent 
1976).  Goats  slowly  became  feral  and  were  left 
to  multiply  at  will  in  the  absence  of  indigenou 
predatory  animals.  Present  populations,  numbei 
ing  about  5000,  are  most  abundant  in  three 
areas:  the  Silver-Grand  Canyon  drainage  systen 
Gilbralter  Rock  on  the  north  coast,  and  on  the 
West  End.  These  were  excluded  by  fencing  from 
interior  drainages  east  of  the  isthmus  in  the 
I950's.  Goats  prefer  most  herbaceous  plants. 
Most  chaparral  and  coastal  sage  species  except 
for  Rhus  integrif olia,  Malosma  laurina,  and 
Salvia  spp.  are  browsed  during  the  summer  and 
fall  when  herbaceous  cover  is  desiccated 
(Coblentz  1980).  Pigs  were  introduced  from 
Santa  Rosa  Island  in  the  1930 's.  They  most 
monly  occur  in  deep  soiled  areas  with  dense 
chaparral  cover  and  which  are  free  of  goats 
(Coblentz  1980).  Although  the  pig  is  a  grazer 
and  browser,  its  greatest  impact  on  vegetation 
results  from  its  fruit-eating  habits,  the 
thoroughness  of  which  inhibits  the  reproductior 
of  many  woody  species. 


FIRE  HISTORY 

Although  Santa  Catalina  Island  may  be  more 
exposed  to  maritime  influences  than  mountain 
ranges  on  the  southern  California  mainland,  it 
is  still  subject  to  summer  drought,  desiccatior 
of  vegetation,  and  high  fire  potential.   In 
spite  of  these  conditions,  only  a  few  fires, 
mostly  less  than  10  hectares,  have  occurred  in 
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recorded  times.   This  trend  contrasts  sharply 
^ith  the  fire  history  of  the  mainland  where 
ihousands  of  hectares  are  burned  each  year,  and 
;he  accumulative  fire  frequency  over  several 
Qillion  hectares  of  coastal  sage  scrub  and  chap- 
irral  averages  once  every  30  to  40  years  (Hanes 
L977;  Minnich  1978).  The  most  compelling  evi- 
lence  for  the  fire  potential  on  the  Channel 
[slands  comes  from  the  summer  of  1979  when  7,000 
la  were  burned  on  nearby  San  Clemente  Island. 
Vll  but  1500  goats  had  been  removed  from  San 
Clemente  during  the  middle  1970 's. 


'RESENT  VEGETATION 

A  vegetation  map  of  the  island  was  inter- 
)reted  from  1:22,000  color  infrared  photography 
;aken  by  overflight  in  February,  1976.   The  map 
;as  digitized  according  to  physiognomic  class, 
•olygons  were  then  correlated  with  other  digi- 
:ized  data  including  elevation,  slope,  aspect, 
ioil  depth,  and  erosion  (Table  1). 


General  Vegetation  Features 


The  vegetation  resembles  most  overgrazed 
.andscapes  of  the  world  (see  Mooney  and  Conrad 
L977).   Indigenous  woody  cover  is  predominantly 
I  small  tree  savanna  with  continuous  herbaceous 
mderstory,  strikingly  reminiscent  of  the  oak 
./oodlands  found  in  coastal  central  California 
Minnich  1980).   The  prevailing  plant  commu- 
.lities  include  annual  grassland,  coastal  sage 
..scrub,  chaparral,  and  woodlands  (see  Barbour  and 
lajor,  1977). 


European  grasses  form  the  major  portion  of 
the  total  plant  cover.   They  thrive  best  in  deep 
loamy  soils  on  alluvium,  marine  terraces,  or 
gentle  surfaces,  but  may  even  prevail  on  steep 
rocky  slopes.   Density  and  cover  varies  signifi- 
cantly depending  on  grazing  patterns  but  occurs 
in  gradients  having  little  correlation  with 
fencing,  owing  perhaps  to  the  territorial  be- 
havior of  goats  (Coblentz  1976). 

Coastal  sage  scrub  is  relatively  uncommon 
(20  percent  of  island  cover)  compared  with  its 
abundance  in  the  coastal  mountains  of  mainland 
southern  California  (Mooney,  1977).   This  com- 
munity occurs  on  steep  south  and  east  facing 
slopes  with  little  or  no  soil.   Contiguous 
stands  reminiscent  of  the  mainland  (0.5-1.5  m 
tall;  greater  than  70  percent  cover)  are  wide- 
spread in  the  vicinity  of  Avalon.   In  more 
heavily  grazed  areas  coastal  sage  scrub  becomes 
increasingly  degraded,  fragmented,  and  admixed 
with  Opuntia  littoralis.   Field  observations 
indicate  that  Artemisia  californlca  and  Erio- 
gonum  giganteum  thrive  best  in  areas  protected 
from  goats.   Salvia  apiana  and  S^.  mellifera  are 
dominant  elsewhere. 

Evergreen  sclerophyllous  scrub  or  chaparral 
rarely  forms  extensive  stands  except  on  north 
facing  slopes  and  in  canyons.   Only  one  third 
form  contiguous  cover.   The  remainder  exist  in 
parklands  of  mostly  tall  shrubs  with  sharp 
browse  lines,  underlain  by  annual  grassland, 
coastal  sage  scrub  or  Opuntia.   Although  chap- 
arral tends  to  cover  steep  slopes,  it  is  assoc- 
iated with  deeper  soils,  less  erosion,  and  more 
rapid  soil  permeability  than  other  communities 


able  1 — Summary  of  Vegetation  of  Santa  Catalina  Island  (total  hectares  and  percent  of  total  island  area 
or  each  variable) 
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(Table  1).   This  trend  is  inconsistent  with 
mainland  vegetation  where  chaparral  tends  to 
occupy  the  steepest  and  rockiest  slope  (Wells, 
1962).   This  difference  may  reflect  a  long  term 
feedback  from  overgrazing  Inasmuch  as  present 
deep  rooted  chaparral  stands  that  have  survived 
continuous  browse  pressure  are  responsible  for 
the  maintenance  of  deep  soils. 

The  floristic  and  age  composition  of  chapar- 
ral varies  with  slope  exposure.   Rhus  integri- 
folia  and  Malosma  laurina,  tend  to  form  open 
stands  on  south  facing  slopes.   Juveniles  are 
often  seen  side  by  side  with  old  individuals 
within  a  single  stand.   On  north  facing  slopes, 
chaparral  is  dominated  primarily  by  Quercus 
dumosa  and  Rhus  integrif olia.   Individuals  are 
typically  old,  robust,  shrubs  5-10  m  tall  with 
d.b.h.  of  30-50  cm.   Stands  are  open  to  contig- 
uous, exhibit  browse  lines  1  to  2  m  above  the 
ground,  and  contain  considerable  herbaceous 
understory.   In  the  least  disturbed  areas  adja- 
cent to  Avalon  Quercus  dumosa  and  Heteromeles 
arbutlf olia  are  admixed  with  Cercocarpus  betul- 
oides  blancheae,  Ceanothus  arboreus,  and  C^. 
megacarpus  insularis,  with  embedded  patches  of 
Adenostoma  f asciculatum.   These  are  mostly  con- 
tiguous, have  minimal  browse  damage  and  contain 
sufficient  fuels  to  induce  the  Los  Angeles  Coun- 
ty Fire  Department  to  construct  fuel  breaks.   A. 
fasciculatum  and  Ceanothus  chaparral  are  sur- 
prisingly unimportant  on  the  island,  in  view  of 
their  abundance  in  mainland  California  (Hanes 
1977).   Mesic  north  facing  slopes,  canyon,  and 
bottomlands  support  broadleaf  evergreen  forests 
(Prunus  llicif olia  lyonii,  Quercus  chrysolepis, 
Q^.  tomentella,  and  Lyonthamnus  f loribundes 
f lorlbundes).   The  areal  extent  of  this 
physiognomic  type  appears  to  be  independent  of 
grazing  pressure  because  many  of  the  best  stands 
occur  in  areas  with  heaviest  goat  populations. 


VEGETATION  HISTORY 

In  view  of  such  enduring  disturbance,  one 
cannot  assume  that  the  present  island  vegetation 
represents  prehistoric  conditions.   Woody  vege- 
tation was  probably  much  more  extensive  before 
the  introduction  of  domestic  stock,  and  perhaps 
once  strongly  resembled  present  day  brushlands 
on  mainland  southern  California  rather  than  as 
open,  "arborescent"  woodlands  seen  now  (Minnich 
1980).   The  nature  of  such  transformation  to  the 
present  pattern  is  not  simple  to  evaluate.   It 
involves  not  only  the  mechanical  effects  of 
browse,  resultant  denudation  of  woody  cover,  and 
disruption  of  reproductive  processes,  but  also 
the  modification  of  the  natural  fire  regime  due 
to  the  continuing  harvest  of  woody  and  herba- 
ceous fuels.   Unfortunately,  the  aboriginal 
state  of  island  vegetation  is  undescribed  and 
vegetation  change  can  be  analyzed  only  from 
aerial  photographic  data  taken  in  the  present 
century  and  a  few  old  ground  photographs  taken 
during  an  otherwise  dim  past. 
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Pre-Grazing  Vegetation 

Although  goats  were  introduced  perhaps  no 
earlier  than  the  1840 's  and  sheep  a  decade 
later,  most  old  photographs  dating  to  the  1880 's 
show  severe  overgrazing  and  even  more  widespread 
vegetation  damage  than  is  seen  at  present  (Min- 
nich 1980).   Grass  cover  is  clipped  or  stripped, 
Opuntia  is  widespread,  coastal  sage  scrub  is 
nearly  absent,  and  browse -lined  chaparral  shrubsj 
are  widely  scattered.   A  few  very  early  photos 
may  give  a  glimpse  of  the  nature  of  pregrazing 
vegetation.   A  photo  of  Mt .  Black  Jack  taken 
cir.  1885,  for  example,  shows  a  continuous  stand 
of  Adenostoma  fasciculatum,  with  embedded 
Quercus  dumosa,  Rhus  integrif olia,  and  Malosma 
laurina  (Minnich  1980).   Photographs  of  the  same 
site  in  1900  and  1980  show  that  Adenostoma  had 
disappeared,  leaving  a  savanna  of  browsed 
shrubs,  mostly  Q^.  dumosa.   Perhaps  the  most 
significant  photos  of  pregrazing  vegetation  on 
the  Channel  Islands  were  taken  in  the  Central 
Valley  of  Santa  Cruz  Island  in  1869,  only  14 
years  after  the  introduction  of  sheep  (Brumbaugh' 
1980).   These  photos  show  south  facing  slopes 
covered  with  continuous  low  chaparral,  dominated: 
by  Adenostoma  fasciculatum,  Ceanothus  megacarpusjj 
insularis,  and  coastal  sage  scrub.   Together    ' 
these  resemble  present-day  stands  in  the  main- 
land Santa  Monica  or  Santa  Inez  Mountains.      ' 
Browse  lines  are  absent  and  evidence  of  past    ' 
fires  is  reflected  in  the  uniform  physiognomy  of 
several  stands.   Today  these  areas  are  covered  ' 
with  grass  and  scattered  oversized  shrubs  of 
Quercus  dumosa  and  Cercocarpus  betuloides. 
Coastal  sage  scrub  disappeared  altogether. 


1944-1976  Vegetation  Changes 

Comprehensive  black  and  white  aerial  photo 
graphy  of  Santa  Catalina  Island  (scale  1:24,000) 
flown  in  1944  was  compared  with  1976  color  in- 
frared with  a  Bausch  and  Lomb  Zoom  Transfer 
Scope  in  order  to  evaluate  shrub  dynamics.   The 
photography  was  sampled  at  213  locations  approjc 
imately  two  hectares  square  in  area,  uniformly 
distributed  over  the  island.   The  scale  of  both 
imageries  was  adjusted  so  that  the  same  plants 
could  be  matched.   The  following  was  recorded: 
(1)  the  number  of  shrubs  in  1944;  (2)  the  numbei 
of  fatalities  since  1944;  (3)  reproduction  since 
1944;  and  (4)  the  number  of  plants  in  1976.   The 
data  presented  in  Table  2  shows  a  pattern  of  in- 
creasing shrub  cover  over  wide  areas  of  the 
island  since  1944.   Recovery  is  not  so  much  due 
to  increased  reproduction;  it  is  the  remarkable 
lack  of  mortality  since  1944. 


Mortality 

If  1944-76  mortality  rates  were  extended 
indefinitely  there  would  be  complete  removal  of 
1944  individuals  in  523  years  for  oak  chaparral 
on  northern  exposures  and  928  years  for  Rhus- 
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able  2 — Aerial  Sample  of  Combined  Shrub  Frequency  by  Area  and  Slope  Exposure  for  1944  and  1976 


rea 


Goat 
Pressure 


Slope 
Exposure 


No. 
Samples  | 


1944 
Plants 


1944-76  2 
Mortality 


Local -^ 
Mortality 
Turnover 
Rate 
(years ) 


1944-76' 

Repro- 

ducton 


Repro. 
Doubling 
Rate 
(years ) 


1976'' 
plants 


pet . 
change 
since 
1944 


valon 


hltes  Landing 


list  Channel 
Slope 

2St  Channel 
Slope 

;st  Pacific 
Slope 

Springs 
Cottonwood 

reetwater- 
Bullrush 

ilta  Verde 


and-Silver 


0,+ 

-,o,+ 
o,+ 


-.0 


15 
7 

7 
10 

6 
8 

6 
16 

6 

4 

12 
17 

21 
21 


11 
11 


960 
365 

405 
395 

183 
392 

166 
569 

2  70 
106 

393 

779 

967 
855 

559 


360 
409 


5 
3 

7 
24 

21 
23 


40 
15 


18 
15 

24 
33 


45 
95 


6144 
3893 

1851 
52  5 

468 
545 

664 
455 

872 
848 

1048 
1662 

1289 
829 

4472 


256 
138 


362 
208 

109 
83 

27 
30 

77 
10 

41 
6 

114 
33 

214 
94 

70 


26 
13 


85 
63 

119 
152 

217 
418 

69 
1820 

211 
565 

110 
755 

145 
291 

256 


443 
1007 


1317 
570 

507 
454 

189 
399 

235 
539 

296 
108 

489 
797 

1157 
916 

625 


341 
327 


137 
156 

125 
115 

103 
102 

142 
95 

110 
102 

124 
102 

12  0 
107 

112 


95 

80 


96      4263 
95      3870 


147 
237 


928 
523 


1040 
477 


131 
260 


5146 
4110 


121 
106 


-  =  light;  o  =  moderate;  +  =  heavy 

No.  fatalities  of  plants  observed  in  1944 

No.  plants  in  sample    ^^ 

— r. r    ^   1  ■  ^. ^ —  X  32  years 

No.  fatalities 

No.  plants  observed  on  1976  photographs  not 

evident  in  1944 

■losma  on  southern  exposures.   Post-1944  mor- 


5.  No.  plants  in  sample 

No.  reproduction 

6.  1944  plants  +  reproduction 

7.  1976  plants 
1944  plants 


X  32  years 

mortality 


.lity  ranges  as  high  as  20  to  30  percent  in 
rub  oak  chaparral  in  core  grazing  areas,  which 
equivalent  to  a  turnover  rates  of  225-250 
ars.   The  implied  longevity  of  chaparral  is 
gh,  in  comparison  with  the  short  period  of 
me  between  defoliating  fire  events  in  mainland 
aparral.   Many  chaparral  species,  however, 
■rout  as  many  as  20  to  30  times  at  a  fire 
equency  of  ca.  30  years.   In  this  sense  they 
y  be  equally  as  long  lived  as  the  shrubs  on 
nta  Catalina. 

Fatalities  usually  occurred  individually, 
getation  stripping  on  a  mass  scale  was  obser- 
d  in  a  few  localities  with  heavy  goat  pres- 
re.   Stripping  appears  to  arise  from  two  pro- 


cesses.  In  some  cases,  shrubs  too  dense  for 
easy  goat  access  are  eventually  opened  up  suf- 
ficiently to  allow  rapid  browse  and  denudation. 
Otherwise,  vegetal  removal  appears  to  stem  from 
slope  failure  during  heavy  winter  rains.   The 
resiliance  of  surviving  shrubs  is  clearly  due  to 
their  existence  above  the  browse  line.   Smaller 
plants  have  little  chance.   Therefore,  it  could 
be  argued  that  present  low  mortality  rates  de- 
rive from  the  fact  that  only  the  sturdiest 
plants  remain  after  decades  of  grazing  pressure. 
The  opening  up  of  brush  cover  reduces  competi- 
tion for  water  and  nutrients.   Nutrient  cycling 
and  soil  enrichment  is  made  more  efficient  by 
the  browsing  of  plant  material  that  would  other- 
wise slowly  decompose  in  an  arid  environment. 
Wliile  Miller  (1980)  has  attributed  the  dominance 
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of  Quercus  dumosa  to  high  soil  nitrate,  which  is 
no  doubt  increased  by  feral  herbavore  activity, 
our  data  contradicts  this  in  that  most  oaks 
predate  feral  grazing.   Their  dominance  is  due 
primarily  to  their  endurance  against  browsing. 


Reproduction 

Aerial  photographs  reveal  increases  in  shrub 
frequency  of  10-30  percent  of  194A  levels  over 
much  of  the  island.   At  1944-1976  reproductive 
rates  shrub  frequencies  would  double  in  approx- 
imately 130  years  on  southern  exposures  and  260 
years  on  northern  exposures.   Rates  vary  greatly 
over  the  island  and  correlate  inversely  with 
grazing  pressure.   Reproduction  is  minimal  in 
goat  infested  areas.   Heaviest  reproduction 
(140-160  percent  of  1944  levels)  has  occurred  in 
the  Avalon  area  and  adjoining  slopes  where 
urbanization  has  reduced  goat  and  pig  activ- 
ities.  The  story  elsewhere  on  the  island  is 
mixed.   Reproduction  tends  to  be  good  on  south- 
facing  slopes  and  poor  on  north  facing  slopes. 
New  growth  on  south  faces  are  mostly  Rhus  integ- 
rif olia  and  Malosma  laurina,  both  undesired  by 
goats  and  pigs.   This  seems  to  confirm  Miller's 
(1980)  observation  that  R.  integrifolia  abun- 
dance  is  increased  by  grazing  and  low  fire  fre- 
quencies.  Reproduction  in  Quercus  dumosa  stands 
on  north  slopes  appears  to  be  completely  stifled 
by  pig  rooting  and  browsing.   Most  young  plants 
in  this  community  are  Rhus  integrifolia  and 
Heteromeles  arbutif olia.   Adenostoma  f asci- 
culatum,  Ceanothus  megacarpus,  and  C^.  arboreus 
seedlings  and  saplings  are  few  and  far  between. 
This  is  not  surprising  since  these  species  are 
nearly  depleted  from  the  island,  incapable  of 
long-distance  seed  dispersal  and  reproduce  best 
after  fire  (Wells,  1969;  Hanes,  1977). 

Long-term  brushland  recovery  is  best  recorded 
in  Avalon  Canyon  where  slopes  have  been  photo- 
graphed continuously  since  the  1880's.   An  over- 
grazed landscape  of  sparse  grass,  Opuntia,  and 
open,  pruned  chaparral  developed  rapidly  into 
coastal  sage  scrub  by  1900,  after  the  resort 
town  was  established.   Thereafter,  chaparral 
dominated  by  animal  dispersed  species,  notably 
Heteromeles  arbutifolia  and  Rhus  integrifolia, 
has  invaded  at  a  slower  pace,  becoming  con- 
spicuous on  photographs  after  about  1940. 


DEVELOPMENT  OF  A  MANAGEMENT  PROGRAM 

The  potential  for  wildfire  on  Santa  Catalina 
Island  is  small  compared  to  that  on  the  main- 
land.  Nevertheless,  under  appropriate  condi- 
tions fire  can  be  supported  by  the  present  vege- 
tation over  most  of  the  island.   European 
annual  grassland  burns  readily  during  summer 
drought  as  it  is  100  percent  dead  fuel.   Brows- 
ing pressure  reduces  the  continuity  of  cover  and 
the  possibility  of  large  herbaceous  conflagra- 
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tions.   Such  would  certainly  become  an  immedi- 
ate problem  if  feral  animals  were  removed.  The 
tree-like  physiognomy  and  open  nature  of  chap- 
arral enhances  the  possibility  of  their  escaping 
ground  fires  carried  by  grass  or  coastal  sage 
scrub.   An  exception  is  the  vegetation  around 
Avalon.   The  chaparral  is  rapidly  taking  on  the 
physiognomy  of  mainland  stands.   Most  are  con- 
tiguous, lack  browse  lines,  and  are  capable  of 
carrying  a  Santa  Ana  wind  driven  brush  fire  with 
intensities  comparable  to  those  in  coastal  moun- 
tains of  southern  California.   Ironically,  an 
intense  fire  would  be  a  death  nell  to  woody 
vegetation  under  the  present  grazing  regime. 
Most  brushlands  survive  now  because  shrubs  reach 
above  the  browse  line.   After  fire,  seedlings 
and  resprouts  would  be  grazed  to  destruction. 
Thus  fire  can  be  seriously  considered  as  a  man- 
agement tool  only  after  feral  herbivores  are  re- 
moved from  the  island.   Presumably  chaparral 
would  redevelop  horizontal  and  vertical  contin- 
uity similar  to  mainland  stands  with  the  ces- 
sation of  grazing.   Exclosure  studies  on  Santa 
Cruz  Island  have  demonstrated  this  trend 
(Brumbaugh  1980). 
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The  accumulation  of  fuels  attendant  with  the 
removal  of  feral  animals  will  necessitate  plan- 
ning of  a  vegetation  management  scheme  that  pre- 
vents or  controls  severe  wildfire  while  still 
encouraging  further  development  of  woody  cover 
to  ameliorate  watershed  problems.   This  will  re-; 
quire  the  development  of  a  comprehensive  manage- 
ment plan  to  control  wildland  fires.   There  are 
two  basic  concepts  of  fuel  management  in  con- 
trolling wildland  fire.   Greene  (1977)  has 
termed  these  fuel  break  and  block  and  prescribed  - 
mosaic  burning. 


Fuel  Break  and  Block 

Land  managers  are  uncomfortable  with  the 
widespread  continuous  nature  of  mature  chaparral 
because  they  are  unable  to  place  safely  manpower 
and  equipment.   Fire  fighting  agencies  con- 
structed a  system  of  fuel  breaks  which  represent 
lines  of  type  conversion  from  brush  to  herba- 
ceous cover,  30-100  m  wide.   Fuel  breaks  divide 
the  chaparral  into  blocks,  provide  a  safety  zone 
for  fire  fighters,  as  well  as  resist  the  spread 
of  fire  from  one  block  to  another.   The  problem 
with  the  fuel  break  and  block  plan  is  that  the 
vegetation  within  the  blocks  is  not  managed. 
Chaparral  is  allowed  to  become  old,  decadent, 
high  in  dead  fuel  content,  and  highly  flammable 
until  the  inevitable  fire  comes.   Fire  suppres- 
sion selects  for  uncontrollable  fires  in  the 
worst  weather  because  fires  in  good  weather  are 
put  out.   Therefore,  fires  easily  skip  across 
fuel  breaks  and  end  up  burning  especially  large 
areas  which  are  later  subject  to  erosion  and 
flooding  until  new  growth  redevelops.   The 
failure  of  this  approach  on  the  mainland  serves 
as  a  warning  not  to  implement  it  on  the  island 
as  long-term  policy  (Philpot  1974). 
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•escribed  Mosaic  Burning 

As  alternative  management  strategy  is  to  use 
re  as  a  tool  for  managing  brushlands.   In  the 
mg  run,  the  intent  of  prescribed  mosaic  burn- 
ig  is  to  develop  a  patchwork  of  different  aged 
ands  roughly  200  to  700  ha  in  size.   Such  a 
saic  was  described  in  southern  California  in 
le  late  1800 's  when  fires  still  ran  free  and 
y  presently  be  seen  in  the  chaparral  of  north- 
st  Baja  California  where  fire  suppression  has 
ver  been  instituted.   The  mosaic  ^  the  basis 

fire  control  since  younger,  less  flammable 
owth  checks  the  progress  of  fires  burning  in 
der  growth  (Philpot  1974).   I  recommend  the 
pleraentation  of  prescribed  mosaic  burning  in 
e  vicinity  of  Avalon  as  soon  as  feral  animals 
e  removed.   In  ensuing  decades  a  fire  mosaic 
ould  be  established  over  the  rest  of  the  is- 
nd.   In  the  meantime  traditional  fire  suppres- 
on  practices  should  be  continued  until  woody 
getation  recovers  sufficiently  to  protect  the 
tershed.   While  it  is  recognized  that  the 
getation  will  not  duplicate  its  pregrazing 
nsity  or  flora,  it  is  anticipated  that  a 
althy  shrub  community  can  be  reestablished  in 
e  regime  of  periodic  fire. 

I 
NCLUSION 

It  appears  that  feral  grazing  over  the  last 
0  years  has  removed  much  woody  cover  on  Santa 
talina  Island  while  selecting  in  particular 
ainst  the  smaller,  less  durable  Adenostoma 
jsciculatum  and  Ceanothus  megacarpus  insularis 
ti  most  coastal  sage  scrub  species.   Salvia 
i-).    have  survived  to  dominant  status  over  small 
c2as  of  the  island  due  primarily  to  their  im- 
fLatability.   Chaparral  has  been  more  and  more 
(ifined  to  north-facing  slopes.   It  is  now  time 
t  recognize  the  damage  feral  animal  grazing  has 
tie  to  Santa  Catalina  Island.   The  removal  of 
tjse  animals,  however,  could  result  in  growing 
f:e  danger  and  the  potential  for  further  water- 
sad  deterioration.   Effective  reestablishment 
c  brushland  vegetation  will  require  a  manage- 
»it  strategy  linking  traditional  fire  suppres- 
iin   and  prescribed  mosaic  burning. 
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Effects  of  Past  and  Present  Fire  on  the 
Vegetation  of  the  French  Mediterranean 
Region^ 


Louis  Trabaud" 


Since  I960  wildfires  have  burned  an  average  of 
36,000  hectares  a  year  of  natural  vegetation  in 
southern  France.  Some  years  the  area  burned  great- 
ly exceeds  this  average  (e.g.  52,800  hectares  in 
1976).  The  most  important  trends  for  the  last  two 
decades  are  a  steady  increase  in  number  of  fires, 
but  a  relative  constancy  in  the  total  area  burned 
(Trabaud  1980). 

The  most  numerous  and  most  harmful  wildfires 
occur  in  the  Mediterranean  zone,  an  area  which 
stretches  from  the  eastern  Pyrenees  to  the  southern 
Alps,  including  Corsica.  This  area  is  characteri- 
zed by   its  geographical  position  near  the  Medi- 
terranean sea  and  by  its  climate  with  hot  dry  sum- 
mer and  mild  rainy  winters.  The  long  dry  summer 
season,  with  v;arm  temperatures  and  low  relative 
humidity,  is  particularly  favourable  to  fire.  Be- 
sides, the  mediterranean  vegetation  type  is  high- 
ly flammable  and  combustible  due  to  the  preponde- 
rance of  species  with  a  high  content  of  resins  or 
essential  oils.  In  addition,  the  rugged  topography 
of  the  area  increases  the  ease  of  fire  spread.  The 
presence  of  millions  of  people  (both  residents  and 
tourists)  in  this  region  can  also  contribute  to 
create  an  "explosive"  fire  situation  under  certain 
conditions . 

It  is  apparent  that  fire  is  an  important  past 
and  present  ecological  force  which  has  played  and 
continues  to  play  a  significant  role  in   fashioning, 
positioning,  and  developing  numerous  mediterranean 
plant  communities.   Used  for  a  long  time  by  man  to 
reclaim  virgin  lands  or  to  maintain  already  burned 
plots,  fire  associated  with  other  human  activities 
has  had  a  significant  impact  on  shaping  the  current 
landscape  of  the  French  Mediterranean  region. 


1-Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California 

2-Departement  d'Ecologie  Generale  -  Centre 
d'Etudes  Phytosociologiques  et  Ecologiques  B.P. 
5051  -  34033  -  Montpellier  Cedex  -  FRANCE 


Abstract:   Fire  has  shaped  the  French  Mediterra- 
nean vegetation  for  a  long  time.   Man  used  and 
abused  fire  for  reclaiming  agricultural  lands. 
Today,  fire  is  mainly  lit  by  carelessness.   Most: 
plants  of  the  mediterranean  vegetation  have  acqu' 
strategies  to  withstand  and  survive  fire.   After' 
wildfire,  vegetation  turns  back  quickly  towards  i, 
initial  stage.  By  using  prescribed  burnings  acco 
ding  to  different  frequencies  and  seasons  the 
structure  of  a  Quercus  coccifera  garrigue  was 
changed,  but  not  the  floristic  composition. 


FIRE  HISTORY  ELEMENTS 


Fire  during  Prehistory 

Man  had  probably  begun  to  frequent  the  Frencl 
Mediterranean  region  half  a  million  years  ago. 
that  time  he  had  little  impact  on  the  native  vej 
tation  as  he  was  primarily  fed  by  hunting  anima 
and  gathering  fruits  and  edible  roots. 


lis 


As  soon  as  man  possessed  fire  (about  300,000 
years  B.C.;  Perles  1975,  1977)  he  had  many  reas 
for  burning.  These  have  remained  essentially  th< 
same  until  the  present  time.  In  fact,  man  has  p 
bably  voluntarily  used  fire  for  hundreds  of  thoi 
sands  of  years.  Without  knowing  how  to  create  f 
man  carefully  preserved  natural  fire  whenever  p( 
sible.  Hough  (1926)  said  that  the  oldest  known 
torch  dates  from  about  100,000  years  ago  in  Frai 
It  was  not  until  later  (40,000  to  50,000  years 
that  prehistoric  man  learned  to  create  and  cont 
fire. 

First  the  hunter  and  the  herdsman  must  have 
ted  that  the  animals  they  fed  upon  were  attract 
by  burned  zones,  where  vegetation  appeared  gree' 
and  softer.  Hence,  it  appears  that  man  has  set 
re,  accidentally  through  lack  of  care,  but  also 
intentionally,  for  a  great  number  of  purposes, 
seems  that  fire  has  been  used  to  increase  food 
choice,  to  facilitate  the  gathering  of  edible  p 
and  to  attract  and  hunt  game.  Testimonies  are  a 
lable  to  show  that  Palaeolithic  man  used  this  t 
nique  in  Greece  (Liacos  1974),  Israel  (Naveh  19 
Spain  and  France  (Perles  1977).  With  the  domest 
cation  of  animals,  which  took  place  in  the  Fren 
Maditerranean  region  about  7,000  years  B.C. 
(Bailloud  1975),  man  needed  rangelands.  He  burni 
the  forest  to  be  able  to  see  more  clearly  and  p)- 
tect  his  domestic  animals  against  their  natura 
predators . 

During  the  Neolithic  (about  5,000  years  B.C, 
men  of  this  area  were  primarily  field  growers  a| 
sedentary  herdsmen  (Pannoux  and  Pannoux  1957, 
Dugrand  1964).  They  occupied  fields  after  parti| 
burning  of  the  forest,  supplementing  their  rescr- 
ces  by  picking  fruit.  Beaulieu  (1969)  interpretJ 
evidence  of  fire  in  the  pollen  diagram  of  the 
Font-Salesse  peat-bog  (Monts  de  I'Espinouse)  as 
being  from  this  period,  and  concluded  that  it  nst 
be  ascribed  to  human  intervention.  Those  farmir 
peoples,  or  their  immediate  predecessors,  coulc 
have  engaged  in  nomadic  agriculture,  a  sort  of 
shifting  cultivation  such  as  is  still  used  in  sue 
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ireas  of  Africa  and  Asia  where  fire  is  set  before 
)r  after  tree-felling,  followed  by  reclamation 
md  cultivation.  Cultivation  shifted  as  soon  as 
iroduction  decreased  as  a  result  of  the  soil  beco- 
ling  poorer.  The  village  might  also  be  moved  to 
emain  near  the  arable  lands. 

The  successors  of  the  paleolithic  hunter-gathe- 
■er,  the  mediterranean  shepherds,  used  and  still 
;oday  are  using  fire  to  open  the  dense  thickets 
■f  maquis  and  garrigue  to  increase  the  area  of 
angelands  for  their  herds  (goats,  sheep  and  cat- 
.le) .  Thus,  Niederlender  and  others  (1966)  ascribe 
he  modification  of  the  vegetation  of  calcareous 
!gions  of  southern  France  to  man,  who  set  fires 
epeatedly  during  the  Neolithic. 


ire  during  historical  times 

During  the  historical  period  (which  runs  from 
he  first  Greek  factories,  750  years  B.C.,  up  to 
he  beginning  of  the  20  th  century),  that  country 
oday  occupied  by  the  garrigue  underwent  a  series 
if  changes.  Period? of  population  increase  produ- 
ied  new  waves  of  land  reclamation,  and  simultaneous 
increase  in  the  number  and  size  of  herds.  There 
iOllowed  both  an  expansion  of  cultivated  lands  at 
he  expense  of  rangelands  and  of  rangelands  at  the 
iXpense  of  forests.  On  the  other  hand,  during  pe- 
iodic  disasters,  due  to  wars,  invasions,  epidemic 
|iseases  and  economic  crises,  cultivated  lands  we- 
|e  abandoned,  returning  to  post-cultural  or  pre-fo- 
^ested  stages  (Dugrand  1964). 

Most  fires  ignited  by  man  were  set  for  agricul- 
ural  or  pastoral  purposes.  Due  both  to  poor  yields 
Jid  the  need  to  feed  growing  numbers  of  people, 
an  had  to  increasingly  reclaim  new  cultivated 
.  ands .  Fire  was  associated  with  the  "essartage"  or 
ecobuage".  In  the  first  case,  trees  were  first 
elled,  then  burned  and  the  land  was  sown.  In  the 
ase  of  "ecobuage"  the  technique  was  more  complex, 
he  ground  was  "  fleeced"  with  adapted  tools  and 
ccording  to  precise  methods  ;  afterwards,  the 
lods  were  dried  up,  then  burned.  The  ashes  were 
sed  as  fertilizer. 


Fire  has  also  been  used  as  a  technique  for  com- 
mercial production.  In  the  Middle  Ages,  the  coun- 
try around  Montpellier  was  regularly  burned  to  pro- 
mote proliferation  of  the  kermes  oak  (Quercus  coc- 
cifera  L.)  cochineal  bettle  (Kermococcus  vermilio) 
in  order  to  obtain  from  it  a  red  dye  for  dyeing 
wool  (Delmas  1958). 

Fire  has  also  been  effectively  used  as  a  war  wea- 
pon for  destroying  crops.  The  country  to  be  subdued 
was  ravaged  and  the  inhabitants  famished  and  demo- 
ralized by  setting  afire  forests  and  fields.  In 
970  A.D.,  the  people,  around  Nice  set  fire  to  the 
forest  to  hinder  the  ambushes  of  the  Saracens 
(Kuhnholtz-Lordat  1938).  In  the  Middle  Ages,  the 
"Grandes  Compagnies"  and  bands  of  ruffians  pilla- 
ged and  set  fire  to  fields  and  woods  (Fourquin 
1975).  During  the  16  th  century,  great  areas  of 
forest  were  burned  as  the  armies  of  the  constable 
of  France  Charles  de  Bourbon,  of  Charles  V,  and  of 
Emmanuel  de  Savoie  passed  through.  The  forests  of 
Mont  des  Maures  were  burned  during  the  battles  bet- 
ween the  armies  of  Charles  V and  those  of  Frangois 
I  (Seigue  1972).  It  was  the  same  during  the  rebel- 
lion of  the  Camisards  in  the  Cevennes  (Le  Roy 
Ladurie  1976). 

In  later  periods  (towards  the  middle  of  the  19th 
century,  Sigaut  1975),  with  the  emergence  of 
new  technologies,  fire  has  been  less  and  less  used 
to  reclaim  lands.  Only  shepherds  continued  to  set 
fire,  primarily  through  tradition  to  open  range- 
lands  on  abandoned  fields  that  had  become  increa- 
singly invaded  by  shrubby  vegetation.  Fire  was  re- 
quired to  promote  the  growth  of  new  shoots  of  pala- 
table species.  As  Le  Roy  Ladurie  (1976)  states, 
burning  off  pasturelands  in  Languedoc  was  the  only 
way  used  during  the  17  th  century  to  improve  feed 
for  animals.  Animal  husbandry  was  regulated  by 
"transhumance"  (travelling  into  the  mountains  to 
graze  in  summer  and  coming  back  down  to  the  plains 
in  winter  ;  transhumance  was  documented  1,000  years 
B.C.,  Bailloud  1975).  Shepherds  burned  every  four 
or  five  years  either  in  February  or  March,  before 
the  growth  of  herbaceous  species,  or  at  the  begin- 
ning of  autumn  before  the  flocks  come  down  from 
transhumance . 


These  agricultural  practices  were  in  use  through- 
^  at  the  French  Mediterranean  region  at  least 
'^rom  the  Middle  Ages  through  the  end  of  the  19th 
,;,2ntury  (Ribbe  1865,  Kuhnholtz-Lordat  1938,  1958> 
Lgaut  1975) .  Ecobuage  was  mainly  employed  in 
anguedoc  and  Roussillon  where,  during  the  18^" 
.  2ntury,  authorities  intervened  to  limit  cultiva- 
ion  on  burned  lands.  It  was  between  1820  and  1830 
lat  the  largest  areas  were  burned  by  ecobuage  in 
.puthern  France  (Sigaut  1975).  Essartage  was  still 
...sed  in  1870  in  crystalline  Provence  (Les  Maures, 
^,l'Esterel)  and  in  the  Montagne  Noire.  In  Provence 
le  forests  of  maritime  pine  (Pinus  pinaster  So- 
ind)  were  burned.  The  burned  pines  were  then  cut 
id  sold  at  Marseille  and  the  cleared  lands  culti- 
ited  (Kuhnholtz-Lordat  1958).  In  Corsica  that 
:  5chnique  was  still  in  use  in  1930  to  create  ara- 
;:  Le  fields  (Sigaut  1975). 


Fire  today 

While  the  causes  of  burning  have  shifted  over 
the  years  the  French  Mediterranean  region  has  con- 
tinued to  be  fired.  It  is  difficult  to  know  the 
importance  of  the  lightning  fires  in  the  past  be- 
cause we  have  no  precise  records,  but  today  in 
southern  France  only  1  percent  of  the  wildfires 
are  caused  by  lightning. 

At  present,  flocks  of  sheep,  although  less  nu- 
merous, continue  to  graze  the  garrigue  rangelands. 
But  the  origin  of  fire  is  no  longer  the  exclusive 
liability  of  shepherds.  The  towndwellers ,  eager 
for  calm  and  clean  air  and  wishing  to  "come  back 
to  nature",  are  building  homes  in  increasing  num- 
bers in  the  country.  Large  numbers  of  people  who 
now  travel  through  southern  France  are  tourists  or 
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holiday-makers.  They  create  a  new  danger.  As  a 
consequence  of  current  ways  of  life  (homes  in  the 
woods,  barbecues,  hikers)  fire  risks  are  increasing. 
Besides,  people  living  or  travelling  through  these 
zones  which  are  susceptible  to  fire  are  often  igno- 
rant of  the  chance  they  take  or  the  imprudence  they 
create  for  other  people. 

Today  the  areas  burned  by  wildfires  change  ac- 
cording to  the  vagaries  of  meteorological  condi- 
tions. In  the  area  called  "the  red  belt"  in  Proven- 
ce and  Corsica  (Southeastern  France)  each  piece  of 
natural  vegetation  would  be  burned,  on  an  average, 
once  every  25  years  (Seigue  1972).  This  fact  clear- 
ly shows  the  problem  of  vegetation  fire  in  southern 
France,  but  also  the  importance  of  fire  as  an  eco- 
logical force  shaping  the  landscape  and  the  plant 
communities.  This  emphasizes  the  necessity  to  ob- 
tain a  scientific  knowledge  of  the  effects  of  fire. 


ECOLOGICAL  EFFECTS  OF  FOREST  FIRES 

In  France,  to  date,  only  a  few  authors  have  stu- 
died the  role  of  fire  as  a  factor  in  succession 
(Braun-Blanquet  1936,  Laurent  1937,  Kuhnholtz- 
Lordat  1938,  1958  ,  Kornas  1958,  and  Barry  1960). 
Generally  these  authors  describe  stages  correspon- 
ding to  vegetation  types  ;  they  give  some  informa- 
tion about  succession  following  fire,  and  compare 
the  different  stages  to  each  other  only  in  a  syn- 
chronic way.  Precise  diachronic  observations  are 
very  rare  on  the  actual  succession  of  plant  com- 
munities after  fire.  There  are  also  few  available 
data  about  the  ecological  consequences  of  fire. 


Effects  of  fire  on  mediterranean  plants 

Plants  react  to  fire  in  very  different  ways. 
They  possess  numerous  fire-related  adaptations. 
Nobody  has  studied  in  a  precise  manner  the  problem 
of  the  relative  resistance  of  species  to  fire,  pro- 
bably because  of  the  numerous  factors  which  are 
acting. 

For  any  given  species  there  is  a  range  of 
fire-resistance  possibilities  which  vary  according 
to  fire  intensity.  These  possibilities  may  vary 
with  growing  season  and  maturity.  For  example,  ob- 
servations show  that  winter  or  spring  fires  do  not 
harm  the  subsequent  development  of  sprouts  of 
Quercus  ilex  L.  (holly  oak)  or  Q.  coccifera  L. 
(kermes  scrub  oak  ;  Trabaud  1970,  1974,  1980), 
while  fires  in  summer  or  autumn,  which  are  more 
intense,  decrease  sprouting  ability. 

The  plants  of  sclerophyllous  communities  in 
the  mediterranean  region  are  adapted  to  survive 
after  the  passage  of  fires,  particularly  light 
fires,  where  the  plant  cover  quickly  builds  up 
again  (Le  Houerou  1974,  Naveh  1974,  Trabaud  1974, 
1980).  Among  the  fire  adaptations  observed  are 
plants  with  little  or  no  bark,  but  which  can  sur- 
vive owing  to  subterranean  organs  (bulbs,  rhizomes, 
and  tubers),  geophytes  such  as  Asphodelus  cerasi- 
fer  Gay  (Trabaud  1974)  and  Ophrys  sp.p  (Naveh  1974, 
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1975),  and  grasses  such  as  Brachypodium  ramosum 
(L.)  R.  et  S.  (Trabaud  1974).  The  latter  species 
shows  a  noteworthy  indifference  towards  burning  < 
and  fire  frequency.  Some  species  possess  strc 
vegetative  subterranean  systems,  like  Quercus  co( 


cifera  (Trabaud  1974,  1980).  Other  kinds  of  vege 
tation  shaped  by  fire  include  tall  maquis  domina 
by  Q.  ilex,  and  Ericaceae  including  Arbustus  una 
L. ,  Erica  arborea  and  E.  scoparia  L.  All  these  s 
cies  produce  vigorous  stump  sprouts  ;  consequen 
they  dominate  the  burned  forests  or  maquis  (Le 
Houerou  1974,  Naveh  1974,  1975). 

Some  trees,  such  as  Quercus  suber  L.  (cork  oa' 
have  relatively  thick  bark  permitting  them  to  re 
sist  fire.  According  to  Le  Houerou  (1974)  cork  o 
forests  would  be  a  stage  in  fire  succession  of  t 
Q.  faginea  Lamk.  forests  in  North  Africa,  Portug 
and  Spain, where  the  latter  oak  has  been  eliminat 
by  burning.  In  France,  cork  oak  would  be  only  a 
vicariant  of  holly  oak  on  warmer  and  moister  sil 
ceous  soils.  When  fire  is  neither  very  frequent 
very  intense^ open  forests  of  Q.  suber  maintain 
themselves.  However,  despite  the  role  of  bark  thi 
ness,  many  species  with  thin  bark,  such  as  Q.  ile 
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withstand  fire  very  well.  This  species  sprouts  \ 
abundantly  from  stumps,  but  when  fires  are  not  t 
intense  it  can  produce  sprouts  from  epicormic  bu 

Some  species  do  not  withstand  fire  directly  b 
owing  to  their  ability  to  disseminate  numerous  s 
they  can  survive  fire  and  also  colonize  large  ar 
Such  species  include  Cistus  sp.p.  (Trabaud  1970) 
Le  Houerou  (1974)  quotes  12  species  of  mediterral  'i 
nean  Cistus  considered  as  typical  active  pyrophyi 
propagating  only  by  seed.  Another  example  is  thaj 
of  coniferous  species,  which  are  among  the  most 
flammable  ecosystems  in  the  region.  Pinus  halepe  'fi 
sis  Mill.  (Aleppo  pine)  and  P.  pinaster  Soland 
(maritime  pine)  constitute  huge  forests  in  the  ^  M 
diterranean  region.  They  can  regenerate  only  by 
seed,  disseminated  by  cones  which  often  burst  dv  ilis 
ring  fires  (Le  Houerou  1974,  Trabaud  1970,  1980)pp 
Generally  after  fire  the  pine  forests  are  coloni 
zed  by  a  large  number  of  pine  seedlings  which  pi 
duce  a  new  pine  forest,  with  no  change  in  the  f] 
ristic  composition.  Since  seeds  of  these  two  Pi; 
germinate  on  mineral  soil  in  sunny  places,  where 
competition  is  weakest  and  where  mineral  nutrier 
are  abundant,  the  pine  forests  may  perpetuate  tl 
selves  indefinitely. 


Ecological  effects  of  fire  on  plant  communities 


Southern  France 

After  fire  the  vegetation  of  the  garrigue  re- 
turns quickly  towards  its  initial  state  (Trabau( 
1974,  1977,  1980,  Trabaud  and  Lepart  1980).  Mosi 
often  the  species  which  are  present  12  years  afi 
fire  are  the  first  ones  to  appear  immediately  f( 
lowing  fire  and  become  more  and  more  numerous 
through  the  years.  To  study  this, 47  observatioi 
plots  were  established  in  areas  burned  by  wildf 
res  in  Bas-Languedoc.  These  were  located  in  8  t 
of  plant  communities  representative  of  the  area 
One  year  after  fire  70  percent  of  the  study  plo 
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the  period  of  observation  (Trabaud  and  Lepart  1980) . 
The  fugacity  of  any  species  is  measured  by  the  num- 
ber of  observations  in  which  it  is  missing.  The  fu- 
gacity index  can  be  considered  as  a  measure  of  flo- 
ristic  stability  :  if  the  index  is  high,  the  commu- 
nity has  not  reached  a  stable  state,  if  it  equals 
zero  the  community  is  f loris tically  stable.  Fugaci- 
ty is  low  immediately  after  fire  and  reaches  its 
maximal  value  during  the  first  and  second  year^ when 
floristic  richness  is  also  at  its  maximum.  Therefo- 
re the  richness  of  the  intermediate  stages  results 
from  shortlived  species  which  are  progressively 
eliminated  during  vegetation  recovery.  Most  often 
these  species  are  therophytes  which  do  not  belong 
to  the  communities. 
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gure  1  —  Floristic  richness  of  dense  Quercus 
ex  coppices.  ~~~~ 

Assessed  more  than  75  percent  of  the  species  which 
■e  present  10  or  12  years  later.  Two  years  after 
re,  this  percentage  was  over  80  percent  ;  and  in 
ve  years  it  reached  100  percent.  The  reversion 
pwards  a  metastable  state,  at  least  for  the  time 
nsidered,  was  quickly  accomplished. 

This  study  of  the  development  of  floristic 
chness  following  fire  shows  that  the  different 
immunities  follow  a  highly  general  model  (fig.  1). 
iring  the  first  months  after  fire  there  were  rela- 
.vely  few  species.  Floristic  richness  reaches  a 
ximum  between  the  first  and  the  third  year  after 
re,  and  finally  tends  to  stabilize  after  the 
|fth  year. 

The  generally  higher  number  of  species  during 
le  first  three  years  can  be  attributed  to  the  fi- 
i-induced  opening  of  vegetation  cover,  the  disap- 
•.arance  of  litter,  and  to  the  richness  in  nutrients 
':'  the  upper  soil.  These  conditions  favour  the  es- 
iiblishment  of  exogenous  species  which  will  later 
sappear  as  plant  cover  closes  up. 

The  index  of  species  fugacity  is  similar  to  the 
idel  of  floristic  richness  (fig.  2).  A  "fugacious" 
lecies  i  s  defined  as  one  that  does  not  survive 
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Ijgure  2  —  Development  of  the  fugacity  index  : 
<nse  Quercus  ilex  coppices 


Actually,  after  fire,  there  is  no  real   succes- 
sion in  the  sense  of  substitution  of  species   or 
communities,  but  only  a  progressive  return  towards 
a  stage  similar  to  the  one  before  fire.  Most  often 
the  species  of  the  "terminal"  community  (defined 
by  the  latest  dated  observation)  appear  long  be- 
fore the  alien  species.  Floristic  composition  of 
present  communities  is  changed  very  little  by  fire. 
The  return  towards  a  metastable  state  occurs  quickly 
and  the  floristic  diversity  of  the  landscape  does 
not  seem  to  be  affected.  At  least  for  the  length 
of  time  of  this  study  and  for  the  plant  communities 
in  Bas-Languedoc  there  is  no  convergence  towards  si- 
milar vegetation  types.  Each  community  keeps  its 
own  characteristics. 

This  result  is  also  confirmed  by  the  structural 
development  of  the  communities.  The  passage  of  fire 
has  not  only  an  effect  upon  floristic  composition 
but  it  modifies  the  plant  arrangement  and  phytomass . 
After  fire  and  through  succeeding  years,  stand  stra- 
ta get  more  and  more   complex  and  vegetation  tends 
to  grow  up  from  the  lower  layer  to  the  upper  layers 
with  a  progressive  multiplicity  of  strata  similar 
to  those  of  origin   (fig.  3)  :  the  higher  strata 
appear  later  in  succession.  These  trends  were  quan- 
tified by  recording  the  number  of  hits  on  plants 
at  various  layers  by  a  needle  dropped  along  a  tran- 
sect line.  During  the  12  years  of  observation  only 
Quercus  ilex  coppices  reach  the  fifth  layer  (from 
2  to  4  m) .  Pinus  halepensis  stands,  though  belon- 
ging to  forest  communities  generally  do  not  grow 
beyond  the  third  layer  ( 1  m) .  This  difference  is 
due  to  the  kind  of  survival  strategy  used  by  the 
dominant  species  of  each  community  to  regenerate 
after  fire.  Q.  ilex  sprouts  vigorously  from  stumps 
and  rapidly  grows  reaching  heights  of  2  m  in  70 
months,  while  P.  halepensis  can  only  regenerate  by 
seed  and  thus  shows  a  slower  growth  following  fire 
(80  cm  in  80  months). 

Changes  in  Q.  i-occifera  garrigue  with  different 
prescrioed  fire  regimes 

The  study  of  the  developement  of  post-wildfire 
vegetation  showed  that  plant  communities  quickly 
recover,  and  that  after  about  10  years  they  are 
not  much  different  from  those  which  existed  before 
the  fire.  To  analyze  more  precisely  and  to  better 
understand  the  effects  of  fire  on  plants  and  vege- 
tation, it  is  necessary  to  set  up  experimentation 
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with  prescribed  fires.  Only  an  experimentation  on 
vegetation  stands  identified  and  studied  before 
burning  will  give  reliable  results  which  can  be 
compared  with  observations  from  plots  burned  by 
wildfires . 

Such  experimentation  was  set  up  in  a  Quercus 
coccif era  garrigue  10  km  north  of  Montpellier.  The 
objective  was  to  analyze  : 

1)  the  development  of  vegetation  with  regards 
to  the  initial  pre-fire  state  to  determine  the  fi- 
re resistance  of  species  ; 

2)  the  impact  on  vegetation  of  different  fre- 
quencies of  repeated  burns  (a  burn  every  six  years, 
a  burn  every  three  years,  and  a  burn  every  two 
years)  ; 

3)  the  effects  on  vegetation  of  the  time  (season) 
of  burning,  to  determine  how  seasonal  conditions, 
which  affect  the  phenological  behavior  of  species, 
relate  to  fire  effects. 

The  presentation  of  the  experimental  techniques 
and  partial  results  were  published  previously  by 
Trabaud  (1974,  1977,  1980).  Thus  only  a  brief  sum- 
mary of  effects  on  floristic  composition  and  chan- 
ges in  vegetation  structure  will  be  discussed  in 
the  present  paper. 

The  combination  of  burning  frequency  and  bur- 
ning season  gives  six  treatments  : 

6  P  -  vegetation  burned  every  six  years  in  spring 
3  P  -  vegetation  burned  every  three  years  in 

spring 
2  P  -  vegetation  burned  every  two  years  in  spring 

vegetation  burned  every  six  years  in  au- 
tumn 
-  vegetation  burned  every  three  years  in  au- 
tumn 

vegetation  burned  every  two  years  in  au- 
tumn 
The  unburnt  vegetation  was  considered  as  a  control 
(T) .  All  of  these  treatments  have  five  replicates. 
As  for  the  study  of  the  development  of  vegetation 
structure  after  wildfire,  the  importance  of  vege- 
tation is  given  by  the  number  of  hits  on  plants  of 
defined  layers  by  a  needle. 

The  floristic  composition  of  the  Quercus  cocci- 
fgra  garrigue  is  on  the  whole  very  stable.  After 
burning  it  is  identical  to  that  which  existed  at 
the  beginning  of  the  experiment.  The  dominant  and 
characteristic  species  are  present  at  all  times. 
The  advent  or  the  disappearence  of  some  of  them 
produces  only  a  small  floristic  change.  This  rela- 
tive stability  is  due  to  the  fact  that  most  of 
species  present  in  the  plots  before  burning  regene- 
rate predominantly  by  vegetative  means  (sprouts), 
while  the  "invading"  species  appear  only  the  first 
year  after  burning  as  individuals  coming  from  seeds. 
They  are  rapidly  eliminated  in  later  years.  The 
influence  of  season  of  burning  is  much  more  impor- 
tant than  burning  frequency  ;  with  autumn  burnings 
many  alien  short-lived  species  appear  increasing 
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Figure  3  -  Development  through  time  of  the  numbe 
of  hits  according  to  the  height  of  strata  of  the 
communities  burned  by  wildfires. 

the  floristic  richness  for  a  short  time  whereas 
other  species  of  the  original  community  disappea 

Frequently  repeated  fires  alter  the  structure 
of  the  vegetation.  Immediately  after  each  burnin 
there  was  a  decrease  in  the  number  of  hits  (disa 
pearence  of  above  ground  vegetation),  then  a  pro 
gressive  increase,  following  autumn  burns  this  i  sfi 
crease  is  slower.  When  burning  is  only  every  six  -j^ 
years,  the  vegetation  of  the  Quercus  coccif  era  g; 
rigue  reaches  a  level  similar  to  that  of  the  un 
burnt  garrigue  withing  five  year  after  prescribe 
fire.  On  the  other  hand,  burnings  regularly  set 
every  two  years  produce  a  decrease  in  the  total 
number  of  hits.  This  repetition  of  burns  leads  t 
a  disappearence  of  the  upper  layers  (above  50  en 
but  it  favours  an  increase  in  the  amount  of  vege 
tation  in  the  lower  layers  (<  25  cm). 

The  decrease  in  the  number  of  hits  is  mainly 
due  to  the  woody  plants  which  have  fewer  long 
sprouts  bearing  fewer  leaves.  But  the  number  of 
hits  from  herbaceous  plants  is  not  diminished  bj 
successive  fires  ;  rather  it  is  increased  and  p£ 
ticularly  so  with  autumn  burnings.  The  influenc 
of  fire  on  the  increment  of  herbaceous  plant  phj 
mass  has  been  recognized  for  a  long  time  (Ahlgrc 
and  Ahlgren  I960,  Daubenmire  1968,  Vogl  1974) 
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In  the  unburnt  vegetation,  the  proportion  of 
number  of  hits  on  woody  plants  as  compared  with 
herbaceous  plants  does  not  vary  through  the  yeailBion 
(fig.  4).  This  is  also  true  for  vegetation  burne 
in  the  spring.  In  the  vegetation  regularly  burn£  |li; 


kh 


h 


rWI 


1 


At 


1 


lu 


1 


It 

m 


X 


HI 


1 


1 


1 


1^ 


1 


v^ 


kl 


L 


1 


Spring 
burnings 


T  6P3P2P 


1^ 


T  6P3P2P 
AAA 


1 


1 


T  6P3P2P 


^ 


T  6P3P2P 
A 


T  6P3P2P 
A 


T  6P3P2P 
A 


LL 


^ 


a 


X 


1 

I 


1 

V 


T  6P  3P  2P 


X 


T  6P3P2P 
AAA 


T  6P3P2P 


1 


I  1 


T  6P3P2P 
A 


1 


1 


1 


w 


1 


Ti 


autumn 
burnings 


X 


T  6A3fl2A 
1969 


T  6A3A2A 
AAA 

1970 


T  6A3A2A 
1971 


T  6A3A2A 
A 

1972 


T  6A3A2A 
1975 

burning  lit  the  year  before  ttie  observations 


T  6A  3A  2A 
A 

1973 


T  6A3A2A 
A 

1974 


T  6A3A2A 
AAA 

1976 


T  6A  3A  2A 
1977 


T6A3A2A 
A 
1978 


Igure  4  —  Changes  in  the  ratio   of  hits  of  woody  plants  to  the  total  vegetation  number  of  hits, 


sry  two  years  in  autumn,  this  proportion  goes 
wn  from  about  4/5  in  1969,  before  prescribed 
rns,  to  1/3  in  1975  and  again  in  1978,  or  lesser. 

These  results  are  confirmed  by  a  brief  study 
above-ground  phytomass  as  a  function  of  the  dif- 
rent  treatments.   in  may  1979,  for  each  treatment 
ven  1  m2  samples  were  collected  from  each  diffe- 
nt  plot.  Then  vegetation  was  hand-sorted,  separa- 
ig  woody  from  herbaceous  plants,  dried,  and  fi- 
lly weighed.  Total  above  ground  phytomass  of  the 
burnt  vegetation  weighed,  on  an  average,  30  t. 
■1  (table  1),  or  a  production  of  1  t.ha~l  yr"' 
dry  matter  since  the  last  wildfire.  This  value 
similar  to  that  reported  already  by  Long  and 
lers  (1967)  twelve  years  earlier. 

Burning  frequency  has  an  effect  on  the  amount  of 
jetation  produced.  Four  years  after  a  second  burn 
^79  ;  6P,  6A)  total  phytomass  only  represent  one 
ii.rd  of  that  of  the  unburnt  vegetation.  But  herba- 
)us  plants  do  constitute  a  greater  proportion  than 

the  unburnt  vegetation  (respectively  12.9  per- 
it  for  treatment  6P  ;  18.7  percent  for  6A,  and 
!  percent  for  T) .  For  the  other  treatments,  com- 
rison  becomes  more  difficult  because  of  differen- 
•  of  elapsed  times  from  the  latest  burns  and  the 
ipling  date. 


As  regards  the  effect  of  season  of  burning,  the 
total  mass  of  vegetation  burned  in  spring  is  always 
greater  than  that  burned  in  autumn.  In  spring-bur- 
ned vegetation  the  above-ground  mass  of  woody  plants 
is  always  greater  than   that  of  vegetation  burned 
in  autumn.  On  the  contrary,  the  mass  of  herbaceous 
plants  of  autumn-burned  vegetation  is  higher  than 
that  of  spring-burned  vegetation.  About  two  years 
after  the  fifth  burn  the  herbaceous  phytomass  of 
the  vegetation  burned  every  two  years  in  autumn 
(2  A)  is  greater  than  that  of  the  unburnt  vegeta- 
tion (T)  . 


CONCLUSIONS 

The  results  presented  here  show  that  the  develop- 
ment of  vegetation  after  fire  follows   the  "initial 
floristic  composition"  model  described  by  Egler 
(1954)  :  all  the  pre-fire  species  are  present  imme- 
diately after  fire,  even  if  later  on,  the  relative 
abundance  of  individuals  changes.  Thus  there  is  no 
succession  of  floristic  relays,  or  different  commu- 
nities succeeding  on  the  same  sites  as  is  characte- 
ristic of  secondary  succession. 

The  presence  of  invading  therophytes  which  often 
characterize  young  communities  (Bournerias  1959, 
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Table  1  —  Mean  above-gound  phytomass  (g  per  m2  of  dry  matter)  of  the  Quercus  coccifera  garrigue  accord:j,^ 
to  the  different  prescribed  fire  regimes  (May  1979).  (Extreme  values  are  presented  in  parantheses) .     J 


Phytomass  (g  m  ^) 


Woody  plants 


Herbaceous  plants 


Total  plants 


Age  of  community 


Fire  Regimes 


6  P 


6  A 


3  P 


3  A 


2  P 


2  A 


2.944.9 
(4000.0 
1450.0) 

97.0 
(285.0 
1.5) 

304 1 . 9 
(4170.0 
1475.5) 

28  years 
after  lat- 
est wildfi- 
re 


983.4 
(1124.0 
610.0) 

145.5 
(278.4 
24.3) 

1128,9 
(1317.3 
888.4) 

48  months 
after  2nd 
prescri- 
bed fire 


754.8 
1060.0 
175.0) 

173.7 
(441.5 
27.9) 

928.6 
(1160.4 
422.3) 

44  months 
after  2nd 
prescribed 
fire 


135.0 
(218.8 
68.6) 

23,  1 
(70.0 

0.7) 

158.1 
(235.5 
93.6) 

12  months 
after  4th 
prescri- 
bed fire 


19.  1 
(38.0 
8.2) 

24.0 
(78.0 
5.7) 

43.1 
(105.6 
13.9) 

8  months 
after  4th 
prescribed 
fire 


440.5 
(733.9 
226.6) 

33.0 
(78.  1 
8.0) 

473.5 
(749.2 
234.6) 

24  months 
after  5th 


157.5 
(336.0 
28.9) 

117.5 
(223.7 
30.7) 

275.0 
(417.5 
162.9) 

20  month 
after   St' 


HI 
m 
a, 

lilt 
les 


prescribed  prescri 
fire  bed  fire' 


1st 
las 
if 
sen 
ict 
io 


Bazzaz  1968)  is  practically  non-existent  except  for 
communities  where  herbaceous  plants  are  dominant. 
In  fact,  mediterranean  vegetation  does  present  a 
recovery  by  "direct"  endogenous  process,  i.e.  the 
species  which  existed  before  fire  reoccupy  the  bur- 
ned ground,  as  opposed  to  an  "indirect"  or  exoge- 
nous recovery  characterized  by  a  succession  of  sta- 
ges as  Bournerias  (1959),  Drury  and  Nisbet  (1973) 
and  Guillerm  (1978)  have  described  for  old  fields. 
The  plants  which  persist  are  those  which  appear 
immediately  after  fire  and  which  existed  before 
fire.  This  is  due  to  the  strategies  used  by  the 
plants  to  regenerate  :  mainly  by  vegetative  survi- 
val, or  by  residual  seeds  buried  in  the  soil  or 
coming  from  nearby  unburnt  communities. 

If  fires  are  lit  more  frequently  than   the  nor- 
mal cycle  (i.e.  about  every  five  or  six  years  at 
least  for  such  communities  as  the  Quercus  coccifera 
garrigues  of  Bas-Languedoc) ,  the  tendency  towards 
a  return  to  the  initial  stage  is  slowed  and  phyto- 
mass gradually  decreases.  This  reduction  is  due  to 
a  decrease  in  the  phytomass  of  woody  plants.  Their 
stems  which  are  located  above  the  ground  are  cons- 
tantly burned  and  do  not  have  enough  time  to  sprout 
again  before  the  next  fire.  However,  in  spite  of 
the  burning  frequencies,  there  is  little  change  in 
the  flora  of  the  Quercus  coccifera  garrigue.  The 
impact  of  fire  only  leads  to  a  change  in  vegetation 
structure  as  the  upper  layers  of  woody  plants  disap- 
pear and  the  amount  of  herbaceous  species  increases. 
Thus,  the  use  of  prescribed  burning  would  be  a  pos- 
sibility to  transform  these  shrubby  rangelands  as 
was  sometimes  done  by  shepherds  many  years  ago. 

The  plants  of  the  French  Mediterranean  region 
are  well  adapted  to  withstand  fire.  The  present 
vegetation  of  Bas-Languedoc  results  from  many  years 
of  evolution  during  which  plants  have  acquired  me- 
chanisms to  overcome  the  effects  of  fire  as  well 
as  climatic  (especially  summer  drought)  factors. 


456 


This  evolutionary  impact  has  been  manifested  by 
sitive  and  negative  feedback  responses  that  enab 
direct  fire  tolerance  or  permit  its  avoidance,  f fi fo 
lowed  by  vegetative  and  reproductive  regeneratioi  lisi 
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Fire  Effects  and  Fuel  Management  in 
Mediterranean  Ecosystems  in  Spain' 


Ricardo  Velez- 


The  1977  forest  fire  season  was  considered  a 
successful  one  in  Spain.   The  number  of  fires  did 
not  reach  50  percent  of  the  average  for  the  3  pre- 
vious years  and  the  total  area  burned  was  less 
than  40  percent  of  that  burned  in  each  of  the 
previous  years  (table  1).   In  contrast,  1978  pre- 
sented an  extremely  prolonged  fire  season.   Over 
150,000  ha  of  forest  and  nearly  300,000  ha  of 
brushland  and  pastureland  were  burned  by  8,324 
fires  (table  1).   These  contrasting  years  re- 
emphasized  the  fire  danger  in  the  Mediterranean 
ecosystems  of  Spain.   They  revealed  the  necessity 
for  a  fire  prevention  program  which  considers  the 
factors  determining  the  magnitude  of  the  fire 
hazard  (Velez  1980a). 

In  1976  and  1977  the  Forestry  Service  (ICONA) 
was  able  to  carry  out  pruning  and  clearing  on  over 
120,000  ha  of  reforestation  areas.   This  was 
achieved  with  special  funds  provided  to  reduce 
unemployment  amongst  agricultural  workers.   More- 
over, in  1977  Spanish  foresters  had  two  opportun- 
ities to  compare  techniques  with  experts  from 
other  countries  and  thus  to  reflect  on  their  fire 
prevention  policy.   These  were  the  Technical  Con- 
sultation (FAQ/UNESCO)  on  Forest  Fires  in  the 
Mediterranean  Region,  held  in  France  (ICONA  1978a) , 
and  the  Symposium  on  the  Environmental  Consequences 
of  Fire  and  Fuel  Management  in  Mediterranean  Eco- 
systems, held  in  Palo  Alto,  California  (Mooney 
and  Conrad  1977).   The  concern  over  the  need  to 
protect  Spanish  forests,  together  with  exposure 
to  the  ideas  and  practices  of  other  countries  led 
to  an  active  program  of  fuel  management  and  re- 
search.  In  this  paper  I  review  the  progress  and 
development  of  the  early  years  of  this  program. 


DEVELOPMENT  OF  A  FUEL  MANAGEMENT  ACTION  AND 
RESEARCH  PROGRAM 

A  fuel  management  plan  for  all  danger  areas  as 
well  as  a  program  of  research  on  the  effects  of 
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Abstract:   Forest  fuels  in  the  Mediterranean  eccii; 
systems  of  Spain  are  characterized  by  generalize 
pyrophytism  and  large  accumulations  of  woody  shi 
vegetation.   The  Forest  Service  prepared  in  197? 
fuel  management  plan  and  a  program  of  surveys  ii, 
eluding:   A  study  on  the  vegetation's  evolution 
forests  after  fires;  the  experimental  use  of  pre 
scribed  burning  and  grazing  to  reduce  forest  fu«i; 
accumulations;  a  study  of  the  evolution  of  fuel; 
accumulations  in  areas  treated  in  1976  and  1977 
in  Southern  Spain;  and  a  study  of  economics  of 
slash  chipping. 


fire  and  preventive  silviculture  techniques  has 
been  developed  (ICONA  1978b).   The  goal  is  to  ei 
able  forest  treatment  methods  to  be  perfected 
through  an  improved  knowledge  of  fire's  role  in 
Mediterranean  ecosystems. 


Fuel  Management  In  The  Forests 

The  fuel  management  plan  developed  for  Spain  'i . 
can  be  summarized  as  follows:   Fire  prevention 
(Velez  1977)  has  the  basic  purpose  of  controlli 
the  fuel  load  in  strategically  important  places 
either  by  reducing  or  removing  it.   The  techniq 
used  most  commonly  is  that  of  fuel  breaks,  areai 
from  60  to  100  m  wide  which  divide  the  forest  i| 
300  to  1,000  ha  stands  and  on  which  natural  veg 
tation  is  modified  to  reduce  biomass  and  flamma, 
bility.   To  the  extent  possible,  fuel  breaks 
should  link  up  with  agricultural  crops,  recrea 
tional  areas,  campsites  and  natural  barriers,  s 
as  to  form  a  system  dividing  the  forest  into  co 
partments,  making  it  easier  to  stop  fires  from 
spreading. 

Preventive  work  projects  are  designed  to  red 
fire  danger.   They  must  specify  the  work  to  be 
done,  techniques  used,  the  area  to  be  treated 
and  the  area  to  be  protected.   The  work  to  be 
included  in  such  projects  is  varied.   It  must  tp~~ 
remembered,  however,  that  unlike  extensive  fore 
treatments  directed  towards  improving  productic 
the  intent  of  fuel  management  is  to  establish  f 
barriers.   This  means  Intense  action  in  small 
areas,  strategically  located  to  prevent  ignitic 
and  contain  the  fire  from  spreading.   The  work 
includes  pruning,  thinning  and  clearing  in  auxi 
iary  strips  along  roads,  and  removing  slash.   11 
may  involve  construction  of  roads  and  lanes, 
accompanied  by  the  relevant  auxiliary  strips,  21 
well  as  the  preparation  and  maintenance  of  are 
with  a  humid  microclimate,  such  as  watercourse 
and  gullies.   This  may  include  the  restoration 
on  a  small  scale,  of  mesic  vegetation.   Reduct: 
of  brushland  by  hand  or  mechanical  clearing  or 
by  controlled  fire,  and  the  opening  up  of  spac< 
including  the  improvement  of  natural  pasture  f( 
use  by  cattle  and  wildlife  are  also  involved. 
Fuel  management  also  includes  the  removal  of 
slash  by  burning  or  chipping.   Classifying  an 
area  as  protected  does  not  by  itself  assure  th. 
it  is  fire  proof.   It  does  mean  it  is  less  lik< 
for  a  fire  to  start,  and  should  a  fire  be  star 
damage  should  be  kept  to  a  minimum. 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  If 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982.  J 


'Die  1 — History  of  forest  fires  in  Spain,  1961-1980. 


Year 


No.  fires 


turned  area  (ha) 


Forested 


Un- 
Forested 


TOTAL 


Losses  (millions  pesetas) 


Commercial 


Environ- 
mental 


TOTAL 


51 
32 
•33 
34 
35 

36 

i37 
38 
39 
70 
71 
72 
73 
74 
75 
76 
■7  7 
,78 
79 
30 


1,680 
2,022 
1,302 
1,645 
1,686 
1,443 
2,229 
2,109 
1,494 
3,203 
1,714 
2,148 
3,765 
3,980 
4,242 
4,596 
2,148 
8,324 
7,167 
7,000 


34,506 
23,911 
13,279 
17,671 
21,777 
24,644 
33,930 
20,547 
19,296 
34,330 
13,194 
18,048 
40,559 
58,789 
1 1 1 , 09 1 
79,853 
26,454 
159,264 
119,579 
101,086 


12,195 
31,571 
9,400 
13,727 
16,241 
24,710 
42,645 
36,081 
34,423 
52,994 
21,751 
39,235 
54,698 
81,422 
76,223 
82,447 
41,086 
275,603 
152,139 
156,638 


46,701 

55,482 

22,679 

31,398 

38,018 

49,354 

76,575 

56,628 

53,719 

87,324 

34,945 

57,283 

95,257 

140,211 

187,314 

162,330 

67,541 

434,867 

271,718 

257,724 


928 

598 

311 

372 

412 

446 

575 

549 

484 

764 

334 

559 

1,118 

1,992 

4,121 

3,974 

981 

9,205 

6,790 

6,000 


575 

507 

312 

546 

599 

700 

858 

695 

656 

1,176 

657 

1,016 

1,574 

7,709 

13,855 

12,575 

3,393 

17,639 

16,819 

12,000 


1,503 

1,105 

623 

918 

1,011 

1,146 

1,433 

1,244 

1,140 

1,940 

991 

1,575 

2,692 

9,701 

17,976 

16,549 

4,374 

26,844 

23,609 

18,000 


In  the  last  two  years  fuel  management  work  has 
zomplished  the  following: 


tion: 

'uel  Break  Preparation 
Fire  Break  Maintenance 
ioad  Building 

Area  Protected 


1979 
31,050  ha 

375  km 


1980 

17,356  ha 

2,661  ha 

140  km 


500,000  ha    200,000  ha 


search  on  Fire  Effects  and  Prevention  Techniques 

The  research  program  on  fire  effects  and  pre- 
btive  silviculture  comprises  these  projects: 
A  study  of  forest  succession  following  fire. 
Its  aims  are  to  study  the  effect  of  summer 
fires  on  forest  soils,  to  analyze  the  effect 
of  fire  on  regeneration,  and  to  establish 
the  grounds  for  future  prescribed  burning. 
Work  on  this  project  commenced  in  1978,  with 
data  being  collected  from  burned  areas  In 
the  provinces  of  Gerona,  Tarragona,  Valencia, 
Madrid,  Avila  and  Pontevedra. 

Experimental  use  of  prescribed  burning  to  re- 
duce forest  fuel  accumulations.   Work  on  this 
project  began  in  Galicia  (NW  Spain)  in  1978 
and  has  progressed  from  initial  burning  of 
plots  less  than  1  ha  in  size  to  burns  of  over 
200  ha  in  pine  plantations.   Objectives  in- 
clude perfecting  prescribed  burning  tech- 
niques as  a  means  of  controlling  brushland 
and  for  forest  fire  prevention,  and  under- 
standing the  atmospheric  and  vegetation  fea- 
tures most  suited  to  prescribed  burning. 


Experimental  use  of  grazing  to  reduce  fuel 
accumulations.   Work  on  this  project  began 
in  Galicia  in  eucalyptus  plantations.   The 
idea  was  to  use  goats  to  remove  Ulex  and 
Erica  brush.   The  goal  is  to  determine  the 
possibilities  of  using  grazing  to  reduce  fuel 
accumulations  in  areas  covered  with  brush  and 
in  pine,  eucalyptus  and  hardwood  forests. 
Study  of  fuel  accumulation  in  Andalusia  (South 
of  Spain) .   The  aims  of  this  project  are  to 
determine  the  rate  of  brush  regeneration,  in- 
cluding the  time  at  which  it  reaches  a  level 
at  which  brush  removal  is  needed,  determining 
the  effectiveness  of  different  methods  of 
destroying  brush,  and  comparing  success  in 
reducing  fuel  buildup  by  mechanical  or  manual 
clearing,  and  prescribed  burning.   These 
studies  are  being  carried  out  in  pruned  and 
cleared  forest  areas  where  debris  has  been 
burned  in  piles,  in  unforested  areas  where 
fire  and  grazing  have  maintained  the  herba- 
ceous vegetation,  and  in  pruned  and  cleared 
forests  where  the  branches  have  either  been 
left  on  the  ground  for  weathering  or  have 
been  burned. 


PRELIMINARY  RESULTS 

Fire  Effects 

Plant  Survival 

Surface  fires  that  consume  brush  and  herbaceous 
vegetation  without  reaching  tree  tops  make  up  70 
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percent  of  all  fires  in  Spain  (ICONA  1968-1979). 
The  fire  generally  consumes  the  herbaceous  vegeta- 
tion and  destroys  most  of  the  above  ground  brush, 
with  only  the  thickest  lignified  stems  left  stand- 
ing.  These  fires  usually  burn  the  soil,  reducing 
litter  to  cinders  and  forming  a  layer  of  ash  of 
variable  thickness.   Tree  damage  is  a  function  of 
fire  intensity  and  the  amount  of  fuel  accumulated 
on  the  ground.   In  general,  the  bark  is  burned  on 
the  outside  but  this  does  not  necessarily  signify 
cambium  damage.   The  thermal  effect  on  leaves  seems 
more  important.   If  the  fire  is  rapid  and  the  trees 
have  been  pruned,  only  the  lower  levels  of  foliage 
will  be  burned  and  the  upper  branches  will  survive. 
If  the  fire  is  slow  burning  and  the  hot  air  envel- 
opes the  crown,  survival  is  unlikely.   Isolated 
trees  frequently  survive  fires  in  pine  groves. 
Unfortunately,  it  is  difficult  to  collect  this 
type  of  information  since  to  simplify  forestry 
operations,  surviving  trees  aie  usually  felled 
wherever  fires  have  occurred. 

Data  is  being  collected  on  tree  survival  in  pine 
groves  after  fires.   In  Lanjaron  (Granada),  where 
there  were  fires  in  successive  years  (1973,  1974), 
all  the  pine  trees  died  in  areas  which  burned 
during  the  daytime.   On  the  other  hand,  on  areas 
which  burned  at  night,  the  fire  became  less  in- 
tense as  the  wind  dropped  and  humidity  Increased, 
and  only  litter  was  burnt.   A  stand  of  Pinus 
sylvestris  with  diameters  of  5  to  10  cm  and 
branches  from  the  base  of  the  trunk  survived  the 
fire  as  only  the  lower  branches  dried  up.   In 
Musques  (Vizcaya)  incendiary  fire  in  an  unpruned 
stand  of  7_.    radiata,  with  diameters  of  10-15  cm, 
burned  at  night,  with  high  atmospheric  humidity. 
The  fire  slowly  consumed  the  Ulex  brush,  leaving 
the  pine  grove  clean,  as  if  it  had  been  a  pre- 
scribed fire. 

In  evaluating  the  effects  of  fire  on  broad- 
leaved  species  we  must  distinguish  between  the 
typically  summer-drought  Mediterranean  (Quercus 
ilex,  Q.    suber ,  etc.)  and  the  more  mesic  species 
(Q.  robur ,  Castanea  sativa,  Fagus  sylvatlca,  Betula 
sp. ,  Populus  sp.  etc.).   The  former  usually  grow 
in  sites  similar  to  pine  forests,  forming  either 
open  "dehesas"  (the  typical  case  of  Q.  ilex)  or 
closed  formations  as  in  Q.  suber.   In  the  "de- 
hesas" fire  is  the  creeping,  rapid  type,  burning 
the  dry  grass,  often  allowing  the  oaks  to  survive. 
In  closed  formations  there  is  usually  a  large 
amount  of  brush  and  branches  so  that  the  fire 
easily  gets  to  the  tree  tops,  defoliating  the 
trees . 

Statistics  indicate  that  on  a  scale  from  1  to 
10  the  flammability  of  hygrophytic  broad-leaved 
species  equals  1  while  that  of  conifers  equals  10 
(Velez  1980a) .   Thus  the  former  are  considered 
as  species  which  "do  not  burn".   Indeed,  on  a 
yearly  basis  formations  of  hygrophytic  broad- 
leaved  species  suffer  little  from  fire,  both  in 
numbers  of  fires  and  area  burned.  But,  what  hap- 
pens when  fire  does  occur?   Without  exception,  the 
above  ground  part  of  oaks  (Quercus  robur) ,  chest- 
nuts (Castanea  sativa) ,  and  beech  (Fagus  syl- 
vatica)  die.   Their  tender  leaves  cannot  withstand 


the  heat  and  the  bark  is  not  sufficiently  thick  o 
insulate  the  cambium.   However,  it  is  noted  tha 
these  trees  generally  form  a  fire  barrier.   The 
plants  that  are  in  front  have  perished,  but  the 
forest  has  been  saved.   The  reason  is  that  thes 
species  exist  only  in  areas  with  abundant  mois- 
ture. The  fire  is  stopped  because  it  spends  its 
heat  evaporating  water,  and  in  the  end  there  is 
more  water  than  heat.   Naturally,  if  the  fires 
were  to  occur  often  enough  these  stands  could  b 
eliminated.   But,  more  commonly,  they  serve  as  i 
effective  fire  barrier. 


Plant  Regeneration 

Observations  made  in  recent  years  indicate 
that,  contrary  to  public  opinion,  fire  does  not 
sterilize  an  area  but  instead  stimulates  the 
sprouting  of  vegetation  after  the  first  rainf a! . 
These  sprouts  usually  consist  of  a  larger  numbs 
of  species  than  that  present  before  the  fire. 
Subsequently,  the  variety  of  species  diminishe;or 
at  least  is  masked  as  some  predominate  over 
others^.   The  case  of  spurge  flax  (Daphne  gnld  j) 
is  typical  in  that  it  appears  on  all  kinds  of 
burned  ground  with  enormous  vitality  (it  grows  ip 
to  50  cm  in  a  year)  but  becomes  much  less  obvi  is 
in  later  years.   Woody  brush  also  regenerates 
strongly,  sometimes  sprouting  from  a  stump  (Er 'a,,. 
Calluna,  Ulex,  Genista,  Quercus  coccifera,  Jun- 
perus ,  Chamaerops ,  etc.),  and  sometimes  from  S!di 
(Cistus) . 


Pines  seem  to  regenerate  from  seed  easily  a;e 
fire  as  long  as  the  stand  was  sufficiently  old-O 
have  fertile  cones.   In  the  Ayora-Enguera  fire 
(July  17-21,  1979  which  burned  22,796  ha  of  pie 
forest  in  Valencia  (the  most  extensive  fire  rt 
corded  in  Spain  to  date)  regeneration  of  Pinu; 
pinaster  and  P^.  halepensls  was  abundant  one  yt  r 
later.   The  autumn  following  the  fire  was  quit 
favorable  with  frequent,  non-torrential  rainf;l, 
so  that  seeds  had  germinated  when  spring  arri'd, 
They  rooted  well  with  that  seasons  rain  and  mi  t 
were  able  to  survive  the  summer.   Pine  trees  .  ci 
high  were  found  in  November,  1980,  together  w  h 
others  which  had  just  germinated.   All  the  bu  e; 
area  had  been  logged,  as  the  burned  timber  co  d 
be  commercially  exploited.   Over  a  4,000  ha  a ;a 
of  Pinus  pinaster  was  burned  in  1976,  near  th 
Ayora-Enguera  fire.   Total  regeneration  of  thlj  j 
pines  was  observed,  reaching  over  50  cm  in  hejiht 
after  4  years.   Regeneration  is  at  present  bejig. 
aided  by  manually  cleaning  out  around  each  tr^. 

I  I 
In  a  drier  area  of  Valencia,  (Serra,  Portajpl^ 

fire,  1978),  a  lag  of  approximately  one  year  !p  i 

regeneration  has  been  observed.   In  addition,!  | 

little  if  any  regeneration  occurs  on  the  drie't, 


1980  Internal  Report  by  Ruiz  del  Castillc 
on  the  study  on  fire  effects  in  vegetation,  ],st. 
Nac ,  Investigaciones  Agrarias,  Madrid.       , 
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niest  sites,  which  have  a  steep  slope.   The  in- 
.ence  of  exposure  is  not  clear  but  sunny  slopes 
itn  to  be  less  favorable  than  shaded  ones, 
teneration  appears  to  be  greatest  where  the  most 
i  has  accumulated.   This  might  be  because  of  the 
;h  carbon  content  which  retains  a  greater  amount 
i*;ater,  and  thus  favours  seed  germination.   In 
las  where  former  charcoal  furnaces  were  located 
teneration  is  noticeably  better,  both  in  terms 
Ithe  number  of  trees  and  the  height  reached  in 
[  year. 

?or  certain  species,  used  for  reforestation, 
i   Pinus  radiata,  fire  seems  almost  necessary 

regeneration,  since  the  cones  require  heat  to 
1.   In  some  reforested  areas,  mainly  P.  pinaster 

Z.'  halepensis ,  little  regeneration  occurs.   It 
lot  clear  whether  or  how  this  might  be  related 
site  quality. 

Among  the  broad-leaved  species,  Quercus  ilex 
i  Q.  suber  regenerate  by  crown  sprouting, 
iitnuts  are  weakened  as  they  may  suffer  wounds 
Kheir  roots  when  the  fire  goes  deep  into  the 
rounding  thick  litter.   Poplars  sprout  readily 
4^  even  withstand  repeated,  low  intensity  fires, 
.'.hes  disseminate  their  seeds  better  after  fire, 
liny  event,  not  much  information  is  available  on 
'lie  species  since  they  are  seldom  burned. 

-i^ntroduced  eucalyptus  trees  are  able  to  with- 
*d  fire.   Even  when  the  above  ground  part  is 
.ed,  they  sprout  readily,  often  growing  more 
I  2  m  the  next  year.   They  also  disseminate 
readily  after  fire.   In  Gallcia  E.  globulus 
'  xtending  its  area  due  to  the  large  number  of 
s  occurring  in  that  region  (Dalda  1978a). 

l"'n  light  of  these  preliminary  observations, 
''fralized  pyrophitism  of  the  Mediterranean 
Kst  vegetation  seems  to  be  confirmed.   In 
''fh,  the  story  of  our  forest  formations  would  be 
''fmplete  if  the  role  of  fire  was  not  included. 
^'i  is  not  and  never  has  been  a  rare  event  in 
^''e  forests.   It  is  now,  apparently,  more  fre- 
t  than  a  few  years  ago  and  has  more  intense 
tcts.   However,  it  has  always  been  there.   The 
'''tation  can  tell  us  whether  fire  burned  re- 
'"  ly  in  an  area.   Chestnut  and  beech  are  clear 
-"'^s  that  there  have  been  no  fires  for  a  pro- 
'•ed  period.   A  pine  grove  or  Clstus  shrub  are, 
''"he  other  hand,  probable  indications  of  a 
:ii|tively  recent  fire  (Martin  Bolanos  1949).   The 
^^T  name  of  the  forest  sometimes  gives  an  Indi- 
'*  on  of  fire  history.   Magnificent  pine  stands 
■''known  as  "El  quemado"  (the  burnt  one)  in  many 
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tperimental  fires  were  burned  on  test  plots  In 
rested  areas  and  eucalyptus  plantations  with 
natter  accumulation  over  2  kg/m'^  In  the  former 
-l['l  kg/m^  in  the  latter  (Vega  1978).   The  slope 
■  ;d  between  10  and  15  percent.   In  some  cases 
1  height  came  to  3  m.   Burning  was  carried  out 


several  days  after  rain  in  the  spring.   The  major- 
ity of  the  fires  were  started  with  no  brush  prep- 
aration.  Only  on  one  eucalyptus  plot  was  the 
brush  cut  first  and  left  on  the  ground.   In  the 
first  fire  fuel  reduction  ranged  from  55  percent 
in  the  unforested  areas  to  50  percent  in  the 
eucalyptus  groves.   In  the  latter,  all  trees  over 
10  cm  in  diameter  survived  without  damage.   The 
influence  of  fire  intensity  on  the  trees  was  also 
studied.   The  second  burning,  one  year  later, 
produced  less  fuel  reduction,  but  the  effects  on 
the  trees  were  similar.   It  was  not  found  that  the 
Increased  cost  of  cutting  the  brush  significantly 
increased  fuel  reduction.   Birch  and  oak  (Q. 
robur)  ,  with  diameters  less  than  10  cm,  were 
common  on  the  plots.   Practically  all  survived  or 
sprouted  after  the  fires.   The  same  happened  to 
the  few  pines  that  were  associated  with  the  euca- 
lyptus grove. 

Fires  were  used  on  a  greater  scale  in  1980  on 
pruned  Pinus  pinaster  and  P^.  radiata  plantations 
with  diameters  of  10  to  40  cm  and  where  brush 
cover  was  from  1  to  4  m  high.   In  one  case,  the 
flash  fuel  was  a  thick  layer  of  pine  needles. 
Burning  was  carried  out  in  March  and  April,  sev- 
eral days  after  rain.   The  burned  areas  varied 
between  3  and  170  ha  in  size. 

The  following  are  presented  as  tentative  con- 
clusions.  Additional  studies  will  extend  these 
findings  and  check  future  effects: 

a)  Six  months  after  fire  the  forest  is  easy  to 
travel  through  and  little  fuel  is  on  the 
ground.   This  makes  it  difficult  for  fire  to 
start  as  well  as  facilitates  the  suppression 
thereof . 

b)  It  does  not  appear  that  P^.  pinaster  or  P^. 
radiata  with  diameters  over  10  cm  suffered 
appreciable  damage. 

c)  Burning  should  be  carried  out  so  that  brush 
is  consumed  as  completely  as  possible.   If 
the  brush  is  thick,  it  may  be  advisable  to 
first  fire  under  high  moisture  conditions  and 
then  remove  the  rest  with  a  second  burning. 

d)  Trees  should  be  pruned  to  a  height  above  2  m. 
The  low  branches  dry  and  drop  a  large  number 
of  pine  needles.   If  there  Is  a  large  accumu- 
lation of  needles  they  should  be  raked  away 
from  the  base  before  burning. 

e)  Burning  should  be  carried  out  with  the  sup- 
port of  roads  or  fuel  breaks  at  the  top  and 
bottom.   Butane  lighters  or  diesel  torches 
are  good  ignition  tools.   Stirring  up  the 
pine  needles  with  rakes  aids  fire  spread. 

f)  An  average  of  1  ha  can  be  burned  per  day  in 
mountalneous  terrain.   This  is  notably 
cheaper  than  clearing  by  manual  methods, 

g)  The  possibility  of  keeping  the  burned  land 
clear  by  introducing  horses,  cattle  or  goats 
should  be  considered. 

h)  A  survey  should  be  started  on  the  effects  of 
burning  on  tree  growth  since  these  are  basi- 
cally plantations  for  timber  production. 

i)  Apart  from  surveys  on  the  effects  of  fire 
prevention.  It  would  be  of  interest  to  study 
the  effects  of  fire  on  the  natural  regenera- 
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tion  of  pines.  It  is  probable  that  the  lack 
of  regeneration  in  many  stands  is  due  to  the 
absence  of  fire. 


Use  Of  Grazing 

The  first  grazing  experiments  were  carried  out 
in  eucalyptus  plantations  (E^.  globulus)  in  Galicia, 
Goats  were  the  primary  animal  used  although  some 
horses  and  cows  were  included.   The  plantations 
consisted  of  mature  trees  with  diameters  over  10 
cm.   The  understory  is  mainly  Ulex,  Erica  and 
Calluna. 

The  vegetation  removal  capacity  of  goats  is 
such  that  at  certain  times  of  the  year  natural 
pasture  does  not  suffice  and  their  intake  has  to 
be  supplemented  with  concentrated  feed.   Animal 
densities  needed  to  keep  the  forest  clean  without 
erosion  are  estimated  at  one  goat  per  1  to  1 . 5  ha 
or  one  horse  for  each  4  ha  (Rigueiro  1979). 
Impacts  on  the  flora  are  being  studied  since  the 
animals  eat  selectively,  leaving  the  least  appe- 
tizing species  alone.   For  example,  removal  of 
leguminous  species  may  influence  nitrogen  fixa- 
tion.  The  influence  of  fertilization  from  manure 
must  also  be  considered. 

It  is  interesting  to  connect  this  work  with 
that  of  using  controlled  fire,  bearing  in  mind 
results  from  Santander  where  efforts  are  being 
made  to  rationalize  the  traditional  practice  of 
burning  meadows  and  brush  in  order  to  "renew  the 
pasture"  (Montserrat  1978).   The  intention  is  to 
avoid   extensive  controlled  burning  which  makes 
the  vegetation  uniform,  creating  a  continuous  fire 
danger.   It  has  been  recommended  that  mosaics  of 
small  areas  (maximum  200  m^)  be  burned  by  shep- 
herds and  grazed  over  the  following  years. 


Fuel  Management 

It  must  be  recognized  that  the  budget  for  fuel 
management  has  also  had  the  aim  of  reducing  unem- 
ployment.  This  forced  manual  methods  to  be  em- 
ployed wherever  feasible.   The  common  approach  has 
been  pruning  and  clearing  with  hand  tools,  fol- 
lowed by  piling  of  brush  and  branches  for  burning. 
In  areas  with  young  trees  and  sparse  canopy  cover 
it  is  estimated  that  further  clearing  will  be 
required  every  2  to  3  years.   If  the  trees  are 
older  and  give  more  shade  brush  regeneration  is 
less  important.   Some  species,  like  Pinus  sylves- 
tris,  inhibit  brush  growth  in  mature  standsT   In 
any  event,  sufficient  information  is  not  yet 
available  to  establish  clearing  rotation  periods. 

This  system  involves  very  high  costs.  To 
reduce  costs  in  areas  with  poor  access  it  was 
decided  to  deposit  slash  on  the  ground  and  leave 
it  for  humif ication.   In  dry  areas,  this  process 
is  slow  and  the  danger  arising  from  the  fuel  is 
much  greater  than  before,  although  it  is  true  that 
the  branches  prevent  development  of  new  brush. 
The  conclusion  is  that  the  slash  should  generally 


be  removed  as  soon  as  possible.   The  burying  o 
slash  calls  for  the  use  of  machinery  which  is  3| 
easy  in  forested  stands.   Combining  the  manual 
fuel  removal  system  with  other  techniques  appers 
more  promising. 


In  the  province  of  Jaen  fire  breaks  are  con 
bined  with  roads  and  open  spaces  in  burning  bij 
land.  Wildlife  comes  down  to  eat  the  sprouting 
brush,  thus  keeping  biomass  low.   Burning  may 
needed  every  five  years  in  such  situations. 

Another  possibility  is  to  find  a  commercla! 
for  slash  in  order  to  make  removing  it  from  t 
forest  profitable.   This  has  been  studied  for 
Pinus  sylvestris  forests  (Puig  1980) .   It  req 
a  chipper  drawn  by  a  tractor  and  a  second  tra 
to  drag  away  the  slash  and  pile  it  in  strips 
the  forest  road.   The  potential  profits  are  v 
able  since  the  conditions  in  the  forest  and  sn 
to  be  chipped  are  heterogeneous.   Products  de 
include  chips  for  particle  board  (pine)  and  c. 
for  fuel  briquettes  (oak,  pine  or  brush) .   Th 
use  is  limited  by  the  chip  market  which  is  lo 
this  time,  and  by  the  fact  that  there  is  only) 
briquette  factory  in  Spain.   In  any  event,   i 
an  interesting  alternative  to  the  burning  of 
piles . 


RECOMMENDATIONS 

Observations  on  fire  effects  indicate  that; 
protect  the  forests  (Velez  1980b)  it  is  nece£i,B 
to:  a)  recognize  that  fire  is  a  natural  eco!' 
ical  process  that  is  only  harmful  in  excess  ( 
when  it  conflicts  with  man-created  values:  b] 
recognize  that  genetic  diversity  produces  mo; 
logically  diverse  ecosystems  which  in  turn  a: 
most  apt  to  be  perpetuated  by  fire;  and  c)  r 
nize  that  fire  must  be  managed  as  a  recurrin 
process.  In  short,  forest  fire  protection  an 
management  requires  the  bringing  together  of 
variety  of  principles  and  types  of  knowledge 
This  must  consider  the  advisability  of  mixin 
species,  introducing  hygrophytic  species  and 
alternating  forest  and  grazing  lands  (Gonzal 
Vazquez  1950). 


!'( 


In  some  places  fire  can  be  controlled  vjit 
hygrophytic  species.   They  should  be  respectj 
where  found  and  introduced  where  ecological 
desirable  in  order  to  create  "fire  resistantl 
places."   Generally,  the  areas  available  for|f]~ 
forest  restoration  are  degraded,  dry  and  stci 
and  are  hardly  suitable  for  hygrophytic  spec| 
But  there  will  always  be  watercourses  nearb 
often  scattered  broad-leaved  species  of  tree 
Respect  for  them  and  promotion  thereof  must 
vail.   The  practice  of  planting  birch  trees 
water  courses  and  at  the  side  of  forest  roa' 
being  practiced  in  Galicia.   Birch  does  not 
fire  but  it  does  retain  moisture  and  contril 
to  retarding  the  fire's  advance  (Dalda  1978l|i 
Poplars,  willows  ( S a 1 i x )  and  ash  (Fraxinus) 
common  wherever  there  is  moisture  and  may  a 


iiti 
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i.      We  must  not  hesitate  to  promote  mixed 
ids  which  in  addition  to  being  more  natural, 
?nd  themselves  better  from  fire. 

[n  areas  with  high  fire  danger  it  is  not  advis- 
2,  for  instance,  to  replace  cork  oaks  (Quercus 
r)  since  their  thick  bark  makes  them  fire 
-Stant,  as  well  as  being  able  to  sprout  back 
!r  burning.   On  the  other  hand,  there  is  some 
lence  that  the  eucalyptus  plantations  in 
cia  are  turning  out  to  be  more  and  more  at- 
tive  in  view  of  the  recent  wave  of  incendiary 
s.   They  suffer  little  from  fire,  vigorously 
iiuting  from  the  stump.   In  any  event,  defense 
nst  fire  cannot  be  based  primarily  on  replac- 
species  with  other  less  combustible  ones, 
ed,  pyrophytism,  so  generalized  in  the  Medi- 
anean  area,  reveals  that  natural  fire  defense 
udes  the  mechanisms  that  stimulate  reproduc- 
after  fire. 

orest  fuel  management  should  be  directed 

larily  towards  the  idea  of  reducing  f lammability , 

I  should  be  based  on  the  creation  of  breaks 

h  transform  the  forest  into  a  mosaic  of  species 

biomass,  conifers  mixing  with  broad-leaved 

ies,  mixed  ages,  spaces  being  opened  up  be- 

n  forest  areas,  etc.   The  even  aged  single 

ies  stand,  ideal  for  exploitation,  is  only 

3gically  possible  in  limited  areas  of  this 

.ry  due  to  its  high  susceptibility  to  fire. 

lius,  the  traditional  concept  of  fire  breaks, 
1  are  costly  to  preserve,  should  be  replaced 
18  idea  of  fuel  breaks  as  defined  above  (Velez 
I.   Likewise,  low  cost  practices  like  con- 
Led  fires,  and  techniques  which  produce  an 
)mic  yield  like  grazing  and  slash  chipping, 
be  brought  into  forest  fire  preventive 
:ment . 
I 

lie  development  of  these  programs  must  bear  in 
criticism  (Folch  1977)  against  the  removal  of 
from  forests  for  ecological  reasons.   Experi- 
ilup  to  now  shows  that  those  areas  where  fuel 
een  reduced  are  less  liable  to  suffer  from 
ires.   In  addition,  if  fire  occurs,  the 
sity  is  noticeably  decreased,  facilitating 
ession.   Nevertheless,  it  is  necessary  for 
ecology  +  economy"  binomial  to  be  carefully 
zed  in  order  to  obtain  valid  results  based  on 
tific  findings. 


I 
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Prescribed  Burning  in  the  California 
IVIediterranean  Ecosystem' 


Lisle  R.  Green- 


Abstract:  Prescribed  burning  is  feasible  for 
reducing  conflagration  costs.  Prescription  e' 
ments  to  consider  before  the  burn  are  dead-to- 
live-fuel  ratio,  fuel  volume,  live  fuel  moisti 
chemical  content,  terrain,  and  season.  Just 
before  and  during  the  burn,  3-day  weather  fori 
casts,  windspeed  and  direction,  dead  fuel  moi 
ture,  relative  humidity,  and  air  temperature 
important.  A  chaparral  stand  with  30  to  40  p 
cent  dead  fuel  might  be  burned  during  the  win 
with  60  to  75  percent  live  fuel  moisture,  8  t 
km/h  (5  to  8  mi/h)  of  wind,  6  to  10  percent  d 
fuel  moisture,  23  to  32  percent  relative  humi 
ity,  and  air  temperature  of  10°  to  22°  C. 


Wildfires  that  burn  over  thousands  of  acres  of 
mature  chaparral  occur  primarily  when  winds  are 
gusting  30  to  80  mi/h  (50  to  130  km/h),  relative 
humidity  and  dead  fuel  moisture  are  around  5 
percent,  and  air  temperatures  are  near  100°  F 
(38°  C).   Such  fires  are  disastrous  for  soils, 
vegetation,  wildlife,  structures,  and  sometimes 
human  life.   The  widespread  use  of  prescribed 
burning  is  frequently  suggested  as  the  only  prac- 
tical way  to  reduce  the  intensity  and  extent  of 
wildfire  acreage  burned,  and  the  resultant  damage. 

Prescribed  burning  is  the  scientific  applica- 
tion of  fire  to  wildland  fuels  under  conditions  of 
weather,  fuel  moisture,  soil  moisture,  and  other 
factors  that  allow  the  fire  to  be  confined  to  a 
predetermined  area,  while  at  the  same  time  accom- 
plishing certain  planned  objectives  (Ford- 
kobertson  1971).   For  Mediterranean  ecosystem 
burning,  these  objectives  usually  include  wildfire 
hazard  reduction  and  wildlife  habitat  improvement, 
but  may  include  others.   For  example,  the  National 
Park  Service  uses  prescribed  fire  as  a  tool  to 
reintroduce  fire  as  a  force  in  naturally  function- 
ing ecosystems  (Parsons  1977).   If  the  desired 
prescribed  burning  objective  is  clearly  expressed, 
a  burning  prescription  to  accomplish  the  objective 
can  be  written. 

Many  fuel,  weather,  and  topographic  factors 
affect  fire  behavior  and  must  be  considered  in 
planning  for  prescribed  burning.   Time  of  day  and 
season  are  important  as  they  interact  with  the 
other  factors.   Several  of  the  primary  determi- 
nants of  fire  behavior  can  be  considered  well 
ahead  of  the  burn  date.   These  "prefire"  determi- 
nants will  be  considered  as  a  group  in  this  paper. 
Other  factors  that  must  be  considered  or  deter- 
mined immediately  before  and  during  the  burn  will 
then  be  discussed.   These  factors  all  come 
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together  in  the  prescription.  Writing  the  pr| 
scription  is  the  task  that  has  been  the  greatJ 
worry  to  prescribed  burning  planners  and  bossi 
most  of  whom  feel  more  comfortable  with  supprl 
sion  procedures.  The  guidelines  presented  he| 
should  help. 

Although  this  paper  is  based  primarily  on 
experience  in  California,  the  principles  deal, 
with  are  the  same  elsewhere.   Once  objectives) 
well  defined,  the  guidelines  provided  can  be 
in  any  Mediterranean  ecosystem.   This  paper  s 
marizes  a  recent  report,  "Burning  by  Prescrip  li 
in  Chaparral"  (Green  1981)  which  provides  a  n  m 
detailed  discussion  of  prescribed  burning, 
including  topics  not  covered  here,  and  a  more 
complete  review  of  the  literature. 


PRESCRIPTION  ELEMENTS  TO  CONSIDER  BEFORE  THE 

DATE 

Fuel  Volume 


;: 


Fuel   volume,    or   loading,    is   expressed   as       j), 
pounds  or   tons    of    fuel   on  an  area   of    land.      1 
term   commonly   covers    total    biomass,    but    no   f 
burns   all   biomass,    except   perhaps    in   grasslai 
The   part    of    the   biomass   actually   consumable  l|§(fij 
the   fire   is   the   available,    or  burnable,    fuel 


Total  biomass  in  annual  grassland  is  typit 
1/3  to  1  ton/acre  (0.7  to  2.2  t/ha)  and  when 
essentially  all  will  burn.  Soft  chaparral 
(Paysen  and   others    1980),    sagebrush    (Artemisi 


fire 
ile 

it 

lit 


or   light   chamise    (Adenostoma   fasciculatum  H. 
A.)    biomass   varies    from  3   to    10  tons/acre    (7 
22   t/ha),    and    70   to   85  percent    is   consumed  b 
hot    fire.      Biomass   of   dense   chaparral   domina 
by  chamise    is   typically  around    15   to   25   tons 
(33   to  56   t/ha),    about    two-thirds    of    which  bt 
Only  about    50  percent   of   brush  dominated   by 
shrubs — those    6    ft    (1.8   m)    or  more    in  height 
basal    stems    2    to    5    inches    (5   to    13   cm)    diame 
is   consumed.      Such    brush   has   a   biomass    of    30 
45   tons /acre    (67    to    100   t/ha).      Remaining,    f(j   ijj 
lowing  any   prescribed   burn,    are   the   branches 
larger   than    1/4   to    1/2    inch    (0.6   to    1.3   cm) 
1).      Even   in  hot    wildfire,    green  branches   ar 
seldom  burned    to   diameters    greater    than    1/2       |^ 

ise 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  ; 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  II 


;ure  1 — During  a  hot  chaparral  fire,  all  dead 
il   is  consumed,  but  most  green  branches  larger 
tin  1/4  inch  diameter  remain.   Unburned  green 
bl  may  amount  to  half  or  more  of  the  chaparral 
amass  on  north  exposures. 


3  cm).   Actual  quantities  of  burnable  fuel  are 
:oming  more  important  as  greater  restrictions 
a;  placed  on  the  quantities  of  burn  residues  that 
ci  be  added  to  the  atmosphere  during  a  prescribed 
b-n. 


years,  or  if  the  mature  brush  is  sparse,  a  stand 
of  annual  grasses  and  forbs  may  have  developed  and 
their  residue  often  determines  the  fire  behavior. 
Brush  stands  in  which  annual  grass  and  forbs 
intermingle  with  soft  chaparral  species,  such  as 
bush  buckwheat  (Eriogonum  fasciculatum  Benth.), 
sage  (Salvia  spp .) ,  and  California  (coastal) 
sagebrush  (Artemisia  californica  Less.),  occur 
frequently  at  low  elevations  or  intermingle  with 
chaparral  communities  on  south  slopes;  these,  like 
grassland,  have  a  high  dead-to-live  ratio  and  can 
burn  fiercely  at  almost  any  age. 

Stands  of  chamise  on  south  slopes  accumulate 
dead  fuel  faster  than  do  chaparral  communities  on 
northerly  or  easterly  exposures,  especially  if 
chamise  is  associated  with  soft  chaparral  species 
(fig.  2).   Such  south  slope  brush  can  be  burned 
by  prescription  at  an  earlier  age — perhaps  at  15 
to  20  years — than  the  chaparral  of  northerly 
exposures. 

Stands  of  chaparral  dominated  by  such  species 
as  scrub  oak  (Quercus  dumosa  Nutt.),  ceanothus, 
chamise,  manzanita  (Arctostaphylos  spp.),  toyon 
(Heteromeles  arbutifolia  M.  Roem.),  and  mountain 
mahogany  (Cercocarpus  betuloides  Nutt.)  are  more 
resistant  to  fire  than  the  various  chaparral/ 
grass-forb  associations,  especially  on  northerly 
exposures.   About  5  to  8  years  following  clearing 
of  such  brush,  the  new  canopy  closes  and  forbs 
and  grasses  are  then  quite  effectively  suppressed 
(Bentley  and  others  1966).   The  chaparral  stand 
will  likely  contain  no  more  than  10  percent  dead 
fuel — skeletons  left  from  previous  fires  and  the 
remains  of  deerweed  (Lotus  scoparius  [Nutt.] 
Ottley)  or  other  semishrubby  vegetation.   With 
only  10  to  20  percent  of  dry  fuel,  a  chaparral 


In  southern  California,  knowledgeable  foresters 
;ablished  that  2  tons  of  fuel  per  acre  (4.5 
la) ,  dry  weight,  was  the  maximum  that  should  be 
Lowed  on  fuelbreaks  (Pacific  Southwest  Forest 
I  Range  Exp.  Stn.  1963),  because  the  heat  from 
It  fuel  volume  could  usually  be  tolerated  by 
irefighters.   Nearly  all  chaparral  fuelbeds  con- 
t.n  8  tons/acre  (18  t/ha)  or  more  of  available 
f>l  and  can  be  expected  to  burn  as  moderate-  to 
h^h-intensity   fires,  if  they  burn  at  all.   An 
hjective  of  prescribed  burning  for  hazard  reduc- 
t)n  may  thus  be  to  reduce  the  burnable  fuel  down 
t  acceptable  levels  of  around  2  tons/acre  (4.5 
tia),  sometimes  in  a  series  of  prescribed  burns. 


1'-  Dead-to-Live-Fuel  Ratio 


Fire  behavior  in  brushfields  is  determined  to  a 
;at  extent  by  the  amount  of  dead  twigs  and 
inches  present  in  the  brush  canopies,  and  by  the 
l)unt  of  cured  herbaceous  residue  in  the  under- 
)ry.   If  the  mature  brush  has  been  removed  by 

e  or  equipment  during  the  previous  several 


Fire  intensity  is  the  rate  of  energy  or  heat 
rLease  per  unit  of  time  and  length  of  fire  front 


F  igurc     Z ouL  L     chdpcjlldi      Liuqut--iiLlv     na^    d     iiLgii 

dead-to-live   ratio   and  burns   at   a  younger  age 
than   chaparral.      Dominant   species    in   this   picture 
are  white   sage,    California  sagebrush,    and 
chamise . 
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stand  Is  quite  resistant  to  prescribed  fire,  and 
burning  attempts  in  such  stands  are  nearly  always 
futile. 

As  the  proportion  of  dead  fuel  in  a  brushfield 
reaches  25  to  35  percent,  the  stand  is  suscepti- 
ble to  prescribed  burning.   This  proportion  may 
be  reached  when  the  chaparral  on  southerly  expo- 
sures is  around  20  to  25  years  old.   Chaparral  on 
northerly  or  easterly  exposures  is  probably  older 
before  it  accumulates  enough  dead  fuel  to  be 
burned  successfully.   Chaparral  40  to  80  years 
old  is  seldom  more  than  40  to  50  percent  dead. 
Soft  chaparral  stands  may  be  two-thirds  dead,  if 
the  abundant  litter  is  considered,  a  fact  which 
explains  in  part  why  there  are  many  more  wild- 
fires in  the  soft  chaparral  type  than  in  the 
chaparral,  and  why  the  soft  chaparral  communities 
can  be  burned  by  prescription  at  an  earlier  age. 

The  proportion  of  dead  fuel  in  chaparral  commu- 
nities can  be  estimated  roughly  from  the  age  of 
the  brush,  can  be  estimated  in  the  field,  or  can 
be  cut  on  plots  and  weighed.   The  latter  method  is 
extremely  time  consuming  and  is  usually  a  research 
activity.   Mature  chaparral  tends  to  have  roughly 
1  percent  of  dead  twigs,  branches,  or  plants  for 
each  year  since  the  brush  canopies  closed.   Thus, 
20-year-old  chaparral  is  likely  to  be  10  to  15 
percent  dead,  while  40-  or  50-year-old  chaparral 
may  be  estimated  to  be  35  or  40  percent  dead. 
This  is  a  very  rough  rule  of  thumb,  but  it  can  be 
of  considerable  value  to  fuel  managers. 

Since  the  proportion  of  dead  fuel  is  so  impor- 
tant in  prescribed  burning,  it  should  be  checked 
by  field  observation.   Dead  material  is  generally 
obscured  from  above  by  the  green  canopy,  so  an 
observer  must  get  under  the  canopy  cover  at 
several  locations  within  a  proposed  burn.   The 
proportion  of  main  branches  that  are  dead  should 
be  counted  on  several  plants,  then  the  small  dead 
twigs  attached  to  live  branches  evaluated.   Keep- 
ing in  mind  that  most  of  the  weight  is  in  the 
larger  branches,  an  observer  can  approximate  the 
proportion  of  dead  fuel. 


Live  Fuel  Moisture 

Live  or  green  fuel  moisture  is  the  moisture 
content  of  living  twigs  to  1/8  inch  (3  mm)  diam- 
eter and  attached  leaves,  expressed  as  a  percent- 
age of  dry  weight,  unless  some  other  size  class  is 
specified.   This  definition  was  agreed  on  by 
California  agencies  concerned  with  wildland  fire, 
and  has  been  in  use  for  two  decades. 

The  live  fuel  moisture  has  been  recognized  as 
important  in  prescribed  burning  (or  wildfire 
danger)  by  some  fuels  management  workers,  but 
ignored  by  others.   Fuel  moisture  content  of 
living  fuel  is  usually  so  high  that  the  fuel  will 
not  burn  unless  dried  by  an  outside  heat  source. 
Heat  released  from  dry  fuel  as  it  burns  must  dry 
out  the  live  twigs  so  that  they  will  burn  and  add 
energy  to  the  fire  if  the  burn  is  to  be  success- 


ful.  Most  forest  fuels,  when  ovendry,  have  a  h< t 
value  near  8500  Btu/ pound  (3860/kg).   If  the  fu.^, 
moisture  content  is  80  percent,  the  effective  h( 
value  is  cut  in  half  to  about  4200  Btu  (1930/kg; 
(Countryman  1977).   The  greater  the  live  fuel 
moisture  percentage,  the  more  dead  fuel  must  bui 
to  drive  off  the  water. 

Live  chaparral  fuel  moistures  are  typically 
high  during  the  spring,  130  to  200  percent;  the]] 
decline  through  the  summer  and  reach  a  minimum  \ 
50  to  80  percent  in  September  or  October.  With 
several  inches  of  rain  during  the  fall,  there  i 
some  recovery  of  live  fuel  moisture.  Otherwise  J 
it  may  remain  low  until  spring. 

If  green  fuel  moisture  is  greater  than  85 
percent,  prescribed  burning  is  seldom  successfu 
unless  there  is  a  very  high  proportion  of  dead 
fuel  or  unless  the  brush  is  crushed  or  sprayed 
reduce  the  moisture  content.   Green  fuel  moistu 
less  than  60  percent  in  old  brush  stands  indica 
hazardous  conditions  and  burning  should  be 
avoided  or  special  precautions  taken.   A  green 
fuel  moisture  range  of  60  to  75  percent  is 
usually  about  right  for  burning  standing  mature 
chaparral . 

Procedures  for  measuring  green  fuel  moisture 
have  been  published  (Countryman  and  Dean  1979), 
and  general  trends  of  green  chaparral  fuel  mois' 
ture  throughout  California  are  published  each  2 
weeks  by  the  Southwest  Region,  U.S.  Forest 
Service,  during  the  spring,  summer,  and  fall. 
Green  fuel  moisture  of  chamise  or  other  abundani 
species  to  be  burned  should  be  determined  3  or 
weeks  before  a  projected  prescribed  burn  date, 
and  again  1  or  2  weeks  before  the  burn.  This 
allows  for  adjustment  of  other  prescription 
elements  if  the  green  fuel  moisture  is  high  or 
low. 


Chemical  Content 

The  chemical  content  of  shrubs  is  generally  ? 
ignored  during  prescribed  burning,  but  perhaps 
should  not  be.   One  class  of  chemicals — the  ethi* 
extractives — make  up  a  substantial  part  of  the 
dry  weight  of  many  flammable  species,  from  abouj 
8  percent  of  pine  needles  (Rothermel  1976)  to  1. 
to  18  percent  of  California  sagebrush  and  the   ' 
shrubby  Salvias  (Montgomery  1976)  (fig.  3).   Tht 
extractive  content  is  highest  during  the  fall  a 
lowest  during  the  spring  (Philpot  1969).   Extrai 
tives  are  readily  volatilized  by  heat  and  fre- 
quently burn  fiercely  several  feet  above  the 
shrubs. 


If  an  area  to  be  burned  contains  considerabl< 
soft  chaparral,  and  the  chaparral  species  big- 
berry  manzanita  (Arctostaphylos  glauca  Lindl.) 
and  chamise,  it  can  be  expected  to  burn  hotter 
than  an  area  dominated  by  such  chaparral  speciei 
as  toyon,  laural  sumac  (Rhus  laurina  Nutt.), 
ceanothus,  scrub  oak,  and  mountain  mahogany — ju!| 
because  of  the  high  chemical  content. 
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Lgure  3 — Oils,  fats,  terpenes,  and  other  chemi- 
ils  are  volatilized  from  flammable  brush  by  heat 
rom  fire,  and  these  products  then  contribute  to 
le  intensity  of  the  fire.   Soft  chaparral  con- 
lins  more  of  these  products  than  most  chaparral 
secies. 


A  second  class  of  chemicals,  the  mineral  ele- 
2nts,  have  an  opposite  effect  from  the  ether 
xtractives  and  tend  to  make  vegetation  less 
lammable  (Philpot  1970,  Shafizadeh  1968).   Phos- 
lorus  has  been  more  effective  than  other  elements 
Dr  reduction  of  flaming  combustion. 


aasonal  Considerations 


Growth  starts  in  the  spring  during  periods  when 
there  is  available  soil  moisture,  and  daytime 
temperatures  are  above  40°  F  (5°  C)  (Bentley  and 
Talbot  1951).   Moisture  content  of  shrubs  in- 
creases rapidly  during  the  spring,  and  the  risk  of 
escape  is  less  than  at  any  other  time  of  year. 
This  is  an  excellent  time  to  burn  crushed  brush, 
brush  piles,  old  stands  of  south  slope  vegetation, 
or  other  concentrations  of  dead  woody  fuel .   It  is 
not  the  best  time  for  good  consumption  of  green 
brush  during  broadcast  burning. 


Terrain  Considerations 

Prescribed  burning  in  chaparral  is  always  in  or 
near  rough  topography  that  affects  burning  deci- 
sions in  many  ways. 

Slope  has  an  effect  on  fire  similar  to  wind- 
speed,  and  the  steeper  the  slope,  the  greater  the 
uphill  rate  of  fire  spread.   During  daytime  hours, 
air  movement  is  normally  upslope  and  this  rein- 
forces the  slope  effect,  thus  ensuring  rapid 
spread  of  fire  up  to  the  ridgetop.   Because  this 
is  so,  prescribed  burns  are  generally  ignited  on 
the  highest  ridges  that  form  burn  boundaries,  and 
a  fireline  is  burned  into  the  wind  and  downslope 
from  the  ridgetop.   Prescribed  burn  bosses  must 
also  be  aware  of  downcanyon  air  movement  that 
begins  shortly  after  sunset,  or  sometimes  earlier 
on  shaded  north  or  east  exposures. 

Gusty,  turbulent  windflows  occur  at  canyon 
intersections  or  where  canyons  change  direction. 
Eddies  are  created  where  wind  crosses  a  ridgetop, 
and  windspeeds  are  higher  through  saddles  than  at 
adjacent  higher  elevations  along  the  ridge. 

The  most  severe  fire  microclimates  are  on 
southerly  or  southwesterly  exposures,  and  fire 
danger  increases  from  northern  to  southern  expo- 
sures.  Chamise ,  a  flammable  species,  frequently 
dominates  on  southerly  exposures  and  may  be 
burned  at  times  without  firelines  if  less  flam- 
mable species  with  higher  fuel  moistures  grow  on 
adjoining  northern  exposures. 


The  season  for  prescribed  burning  can  be  any- 
Ime  that  burning  can  be  accomplished  within  the 
rescribed  limits  of  weather,  fuel,  and  manpower, 
nd  when  burn  objectives  can  be  accomplished, 
ate  summer  and  early  fall  contain  the  fewest  burn 
ays  because  of  weather  extremes  and  extremely  dry 
uel . 

The  early  winter  months — October,  November,  and 
ecember — contain  days  suitable  for  burning  in 
alifornia.   Days  are  short,  nights  are  cool,  and 
here  has  been  little  recovery  in  the  moisture 
ontent  of  green  brush.   This  is  a  good  time  for 
ot  burns  with  maximum  consumption  of  brush, 
idwinter  also  presents  some  good  burn  opportuni- 
ies.   Soon  after  rainstorms,  1-hour  timelag 
uels,  those  less  than  1/4  inch  (6  mm)  diameter, 
an  be  burned,  and  after  several  dry  days,  small 
rush  fuels.   Excessive  quantities  of  available 
uel  can  be  burned  in  stages  during  this  season. 


PRESCRIPTION  ELEMENTS  TO  CONSIDER  AT  BURN  TIME 

Fire  intensity  and  rate  of  spread  are  directly 
affected  by  several  factors  which  must  be  deter- 
mined shortly  before  the  fire  is  to  be  ignited, 
and  during  the  prescribed  burn.   These  include 
windspeed ,  dead  fuel  moisture,  relative  humidity, 
and  air  temperature.   If  these  are  within  the 
prescription  range,  ignition  and  firing  can 
proceed.   If  one  or  more  is  not  within  range, 
unless  some  trade-off  can  be  made  with  another 
prescription  element,  the  burn  must  be  postponed. 


Windspeed  and  Direction 

Prediction  of  windspeed  and  direction  is  our 
greatest  problem  in  local  weather  forecasting, 
especially  in  mountainous  terrain.   Wind,  more 
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than  any  other  factor,  is  responsible  for  erratic 
fire  behavior,  for  prescribed  burn  escapes,  and 
for  large  wildfires.   Some  wind,  except  on  steep 
slopes,  however,  is  needed  to  move  fire  through 
chaparral  during  prescribed  burns. 

Windspeed  is  measured  by  the  U.S.  Weather 
Service  and  by  Fire  Danger  Rating  stations  at  a 
standard  20  ft  (6.1  m)  above  open  ground  or  vege- 
tation.  However,  wind  velocity  measurements 
taken  on  prescribed  burns  usually  approximate  the 
"midflame"  windspeed  zone  for  chaparral.   Winds 
at  midflame  height  are  usually  about  half  the 
velocities  at  20  ft  (6.1  m)  for  fuels  such  as 
grass  and  brush.   Windspeed  as  given  in  this 
paper  should  be  considered  to  be  midflame  wind- 
speed  . 

The  maximum  safe  windspeed  for  prescribed 
burning  in  chaparral  is  generally  considered  to 
be  10  mi/h  (16  km/h).   Ousting  above  this  wind- 
speed  will  occur,  and  if  these  gusts  reach  15  to 
20  mi/h  (24  to  32  km/h)  during  the  burn,  control 
problems  will  surely  arise.   Windspeeds  of  4  to  8 
mi/h  (6.4  to  12.8  km/h)  are  about  right  for 
prescribed  burning  in  chaparral. 

In  nt  ler  vegetation  types,  higher  windspeeds 
have  betn  recommended.   Winds  of  8  to  15  mi/h 
(12.8  to  24  km/i.;  aave  been  suggested  for  level 
terrain  in  Texas  where  grass  carried  the  fire 
into  and  through  brush  (Wright  and  Bunting  1976) 
and  in  juniper  (Martin  1978;  Pase  and  Granfelt 
1977;  Northwest  Region,  Forest  Serv.  1973). 

Wind  direction  and  changes  in  wind  direction 
may  be  as  important  as  windspeed  to  the  prescribed 
burn  operation.   Usually,  a  prevailing  wind  pat- 
tern can  be  identified  before  the  burn,  and  fire- 
lines  and  ignition  patterns  are  planned  with  this, 
and  the  terrain,  in  mind.   Winds  tend  to  change 
direction  and  vary  in  velocity  as  the  airstream 
flows  around  and  over  ridges  and  through  saddles, 
and  otherwise  adapts  to  the  topography.   Near  the 
ocean,  sea  breezes  may  disrupt  the  wind  pattern, 
or  create  their  own  pattern.   During  warm  daylight 
hours,  the  wind  movement  is  typically  upslope.   At 
night,  after  air  near  the  ground  has  cooled,  it 
flows  downs  lope.   Santa  Ana  winds  can  override 
this  pattern  (Schroeder  and  Buck  1970). 


Dead  Fuel  Moisture 

The  moisture  content  is  the  most  important 
factor  determining  whether  or  not  fuels  will 
ignite  and  burn.   A  fuel  moisture  content  of  about 
25  percent  of  the  dry  weight  of  the  fuel  is  the 
approximate  value  above  which  fuels  will  not  burn 
(Rothermel  1972).   The  precise  value  depends  on 
\the  type  of  fuel,  the  fuel  loading  and  arrange- 
*»ent,  size  of  firebrand,  windspeed,  and  perhaps 
•ther  factors.   Fuels  generally  do  not  burn  vigor- 
c\sly  if  the  fuel  moisture  content  is  above  15 
Recent,  unless  fanned  by  strong  winds  or  on  steep 


As  the  moisture  content  of  wildland  fuels 
decreases  below  15  percent,  the  flammability 
increases  rapidly.   The  fire  spread  rate  is  esti- 
mated to  double  as  moisture  content  drops  from  15 
to  10  percent,  and  to  triple  when  it  drops  from  I 
to  5  percent  (U.S.  Dep .  Agric,  Forest  Serv. 
1975).   Thus,  fuel  moisture  content  changes  belowj 
10  percent  can  markedly  affect  fire  behavior,  and 
the  prescribed  burn  boss  should  be  very  aware  of 
this.   Fuel  moisture  contents  of  5  percent  or  les 
encourage  spotting  and  excessive  spread  rates 
Moisture  contents  of  6  to  10  percent  are  fre- 
quently good  for  prescribed  burning,  but  if  the  ^ 
proportion  of  dead  fuel  is  greater  than  40  percer 
or  if  burning  is  done  under  tree  canopies,  higher 
fuel  moisture  contents — 10  to  15  percent — are 
needed  to  keep  the  intensity  and  spread  rate 
within  bounds . 
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The  moisture  content  of  dead  fuels  1/4  to  1 
inch  (0.6  to  2.5  cm)  diameter  can  be  determined 
accurately  by  laboratory  techniques  (Countryman 
and  Dean  1979),  but  is  frequently  estimated  in  th' 
field  through  the  use  of  "fuel  moisture  sticks." 
These  are  1/2  inch  (1.27  cm)  ponderosa  pine  dowel 
mounted  on  two  hardwood  pins  and  weighing  100 
grams,  moisture  free.   Any  weight  in  excess  of 
this  is  an  estimation  of  the  moisture  content  in 
percent. 


Relative  Humidity 

Moisture  in  the  atmosphere — the  humidity — is 
important  in  prescribed  burning  because  of  its 
effect  on  moisture  content  of  fine  dead  fuels. 
Relative  humidity  is  the  amount  of  moisture  In 
the  air  at  a  given  temperature  and  air  pressure 
compared  to  the  amount  that  it  would  hold  if 
saturated.   A  low  relative  humidity,  10  or  20 
percent,  indicates  a  great  capacity  for  the 
atmosphere  to  take  up  moisture  and  dry  out  fuels 
Dry  fuels  will  absorb  moisture  when  the  percent 
relative  humidity  is  high,  until  they  reach  about 
20  percent  moisture.   At  that  level,  fuels  are 
difficult  to  ignite  and  burn. 

Relative  humidity  can  be  quickly  and  accu- 
rately measured  by  a  sling  psychrometer .  How- 
ever, a  word  of  caution:  The  psychrometer  should 
be  fanned  or  twirled  until  there  is  no  further 
decrease  in  the  wet  bulb  temperature  reading 
before  it  and  the  dry  bulb  readings  are  recorded. 
A  common  error  is  reading  it  too  soon. 

Atmospheric  pressure  has  enough  effect  on 
relative  humidity  readings  that  charts  or  slide 
rules  designed  for  low  elevations  should  not  be 
used  at  higher  elevations.   Errors  of  several 
percent  in  relative  humidity  readings  can  easily 
result.   Charts  are  available  for  various  eleva- 
tions that  assure  accurate  relative  humidity 
measurements . 

Experience  has  shown  that  to  burn  standing, 
untreated  chaparral  25  to  40  or  more  years  old, 
and  with  about  one-third  of  the  fuel  dead,  rela- 
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ve  humidities  of  25  to  35  percent  are  about 
ght.   If  the  relative  humidity  is  above  40 
rcent,  and  particularly  if  it  has  recently  been 
gher,  fire  will  not  spread  without  strong  wind 

steep  slope.   If  chaparral  is  40  to  60  percent 
ad,  as  after  spraying,  relative  humidities  of 

to  60  percent  will  be  needed  to  keep  the  fire 
tensity  within  bounds.   If  the  proportion  of 
ad  fuel  is  only  20  percent,  relative  humidities 
;  15  to  18  percent,  and  winds  near  the  upper 
,escription  limits,  will  be  needed. 


to  convection  and  spotting  becomes  more  of  a 
problem,  particularly  as  air  temperature  rises 
above  80°  F  (26°  C) . 

High  air  temperatures  contribute  to  crown 
scorch,  and  are  desirable  if  the  objective  is  to 
kill  trees.   For  cleaning  up  the  forest  floor 
with  minimum  damage  to  crowns,  55°  to  70°  F  (13° 
to  21°  C)  is  about  right. 


r  Temperature 

I  Air  temperature  has  little  direct  effect  on 
re,  but  considerable  indirect  effect.   When  air 
tnperature  rises,  relative  humidity  decreases, 
eiporation  proceeds  more  rapidly,  fine  fuels 
):ome  drier,  and  less  heat  energy  is  required  to 
rise  a  loss  in  fuel  moisture.   Air  movement  due 


Time  of  Day 

The  safest  time  of  day  for  prescribed  burning 
is  generally  from  midday  to  midaf ternoon,  pro- 
viding prescription  requirements  are  met.   As 
burning  is  extended  into  late  afternoon,  tempera- 
tures tend  to  decrease  and  relative  humidity  to 
increase,  and  control  problems  are  less. 


Table  1 — Prescription  elements  for  burning  chaparral. 


Factors  affecting  fire  intensity 


Prefire  consideration 

Total  biomass,  tons/acre 
Available  fuel,  tons/acre 
Dead  fuel,  pet.  of  available 
Live  fuel  moisture,  percent 
Chemical  content 
Season 

Slope,  percent 

Aspect 

Burn  date  consideration 

Windspeed,  mi/h 

Lead  fuel  (fuel  stick)  moisture 
percent  when  chaparral  is: 

20  to  30  percent  dead 

31  to  45  percent  dead 

46  to  65  percent  dead 

66  to  100  percent  dead 

Desired  relative  humidity 
percent  when  fuel  is : 

20  to  30  percent  dead 

31  to  45  percent  dead 

46  to  65  percent  dead 

66  to  100  percent  dead 

Desired  air  temperature,  °F 

Time  of  day 


Fire  intensity 


Low 


Medium 


12  to  9 
18  to  12 
20  to  15 
30  to  19 


35  to  26 

45  to  36 

60  to  41 

75  to  41 

20  to  59 

Early 
morning 


8  to  6 

11  to  7 

14  to  9 

18  to  11 


25  to  18 

35  to  24 

40  to  31 

40  to  36 

60  to  80 

Late  morning  or 
late  afternoon 


High 


3  to  10 

11  to  30 

31  to  45 

3  to  6 

6  to  10 

10  + 

20  to  30 

31  to  40 

41  + 

90  to  76 

75  to  60 

59  to  45 

Low 

Medium 

High 

Spring 

Winter  and 

Summer,  fall , 

early  spring 

early  winter 

0  to  19 

20  to  40 

41  to  70 

N,  NE 

E,  SE,  NW,  W 

S,  SW 

0  to  4 

5  to  8 

9  to  12 

5  to  3 

6  to  5 
8  to  6 

10  to  8 


17  to  15 

23  to  18 

30  to  25 

35  to  20 

81  to  95 

Midday  to 
midaf ternoon 
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Sometimes,  prescribed  burns  are  conducted  as 
early  in  the  morning  as  fuels  will  burn  so  as  to 
complete  the  burn  or  to  burn  out  a  safe  line 
before  the  heat  of  the  day.   Such  burns  are  facil- 
itated by  low  nighttime  relative  humidities 
(Philpot  1965).   In  some  localities  near  the 
coast,  the  movement  of  maritime  air  determines  the 
time  of  day  for  burning. 


THE  PRESCRIPTION 

Information  in  the  previous  discussions  can  be 
summarized  and  made  more  convenient  for  use  by 
listing  the  recommendations  in  a  table.   This  has 
been  done  for  chaparral  in  table  1,  and  for 
burning  under  oak  or  pine  tree  canopies  in  table 
2. 

Before  a  burning  prescription  can  be  devel- 
oped, the  piece  of  brushland  under  consideration 
must  be  evaluated  to  determine  the  prescribed 
burning  prospects.   If  most  elements  for  prefire 
consideration  fall  in  the  medium  intensity  range 
(table  1),  the  area  is  probably  right  for  burn- 
ing.  An  approximate  date  can  be  selected  and 
local  weather  monitored  as  the  date  approaches. 
If  most  elements  are  in  the  low  intensity  range, 
consideration  should  be  given  to  (1)  delaying  the 
burn  for  a  few  years,  (2)  applying  desiccants  or 
crushing  treatments  to  dry  out  the  brush,  or  (3) 
compensating  by  burning  when  windspeed ,  dead  fuel 
moisture,  relative  humidity,  and  air  temperature 
are  in  the  high  intensity  range  during  the  late 
fall  or  winter  . 

If  the  elements  for  prefire  consideration  are 
mostly  in  the  high  intensity  range  of  table  1, 
some  cautions  are  in  order.   If  the  total  biomass 


and  available  fuel  fall  under  "high"  intensity,  1 
the  dead  fuel  comprises  40  to  60  percent  of  all 
that  will  burn,  and  if  the  burn  is  on  a  steep 
southerly  exposure,  consideration  should  be  giver 
to  burning  during  late  winter  or  early  spring  wh« 
the  green  fuel  moisture  has  risen  and  when  the 
extractable  chemicals  are  not  at  a  peak.   Also, 
burning  when  dead  fuel  moisture  is  greater  than 
percent,  when  relative  humidity  less  than  30 
percent  is  not  expected ,  when  maximum  air  temper 
tures  will  not  be  higher  than  60°  or  70°  F  (15° 
21°  C) ,  and  when  windspeeds  are  0  to  5  mi/h  (0  t 
8  km/h)  will  contribute  to  safe  burning. 


i£ 
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Brush  grows   among   oak   trees  at  all   elevations 
and   among  coniferous   trees  at   the  higher   eleva- 
tions.     If   the   canopies  are  open,   as  mature  pine 
trees  may  be,    there   will    be   brush  and   tree   repro 
duct  ion  under   the   crowns,    and   perhaps   stair- 
stepped    into   them.      If    tree   branches   are   dense 
and   brush    the   ground,    as   oak   branches    frequently: 
do,    brush   under   the    canopies   may    be    low   in   volum, 
and  mostly  dead,   but   brush   from  outside  will 
surround    the    trees   and   finger   into   the   canopies. 


In  the  mixed-conifer  forest,  prescribed  burn- 
ing can  be  accomplished  readily  when  there  is  a 
good  needle  fall,  where  there  is  bearclover 
(Chamaebatia  foliolosa  Benth.),  or  in  openings 
where  herbaceous  plants  form  a  continuous  cover 
Flame  heights  can  usually  be  kept  to  3  ft  (1  m) 
or    less,    and    out    of    tree   canopies. 

Burning  under  and   around  oak  canopies   withoulj 
damaging   crowns    is   usually  difficult    (Green 
1980).      Hand   pruning   of    lower   branches  may   be 
needed.      Bulldozers   can  sometimes  be   used    to  pus 
brush  away    from   trees,    or  a   dozer   can  crush   brusj 
for  burning   during    late  winter   or   spring.      The 
actual    burning   must    be   done    with   a    low-intensif* 
fire    (table    2). 
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Table  2 — Prescription  elements  for  burning  under  pine  or  oak  tree  canopies. 


Fire  intensity 


Factors  affecting  fire  intensity 


Low 


Med  ium 


High 


Fuel  that  will  burn,  tons/acre     j 
Proportion  of  fuel  that  is  dead,  pet 
Dead  fuel  moisture,  percent 
Live  fuel  moisture 
Relative  humidity,  percent 
Windspeed,  mi/h 
Air  temperature 
Time  of  day 

Fuel  arrangement 


1  to  2 
15  to  25 
18  to  12 
85  to  76 
60  to  41 

0  to  2 
20  to  39 
Morning 

Crushed  or  cut 


3  to  5 

25  to  30 

11  to  7 

75  to  60 

40  to  31 

3  to  4 

40  to  70 

Late   morning   or 
late   afternoon 

Beneath    tree 
canopies 


6  + 

31+ 

6   to   5 

59    to  50 

30  to   25 

5   to    10 

71    to   85 

Midday    to 
midaf ternoon 

Brush   extends 

up    into   tree 

canopy 


I'ici 
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Fire  Management  and  Vegetation  Effects  in 
Mediterranean-Type  Ecosystenfis:  A  Summary 
and  Synthesis' 


David  J.  Parsons" 


In  order  to  develop  and  implement  an  effective 
fire  management  program  in  fire-prone  environments 
it  is  necessary  to  understand  both  the  fire  his- 
tory of  the  area  and  the  effects  of  fire  on  the 
local  biotic  communities.   It  is  also  necessary  to 
clearly  identify  the  objectives  of  the  program. 
Once  such  information  is  available  it  is  possible 
to  implement  a  fire  management  program  that  ac- 
complishes the  desired  objectives.   This  may 
include  the  use  of  prescribed  burning  and/or 
natural  ignitions,  together  with  any  of  a  variety 
of  physical  or  biological  manipulations. 

The  papers  in  this  session  present  examples  of 
both  the  types  of  input  needed  in  the  development 
of  fire  management  programs  for  mediterranean 
climate  ecosystems  as  well  as  selected  examples  of 
the  implementation  of  such  programs.   While  they 
by  no  means  represent  a  complete  analysis  of  the 
situation  they  do  constitute  a  representative 
cross-section.   The  papers  by  Keeley  and  by  Radtke, 
Arndt  and  Wakimoto  deal  with  the  question  of  fire 
history  on  a  large  and  small  scale,  respectively. 
Both  papers  focus  on  the  importance  of  the  local 
vegetation  in  determining  fire  frequency  and 
burning  pattern.   The  paper  by  Minnich  deals  with 
the  additional  problem  of  the  effect  intense 
grazing  has  had  on  altering  both  the  present 
vegetation  and  recent  fire  history.   Trabaud  adds 
an  international  perspective  with  his  analysis  of 
the  history  of  man's  use  of  fire  and  its  effects 
on  the  vegetation  in  the  mediterranean  region  of 
France.   Velez  carries  this  approach  a  step  fur- 
ther by  detailing  the  development  of  multi-faceted 
fuel  management  programs  in  the  mediterranean 
ecosystems  of  Spain.   Finally,  Green  describes  in 
detail  the  guidelines  needed  to  implement  a  pre- 
scribed burning  program  in  southern  California 
chaparral . 

The  first  problem  which  must  be  faced  in  the 
development  of  a  fire  management  program  is  the 
identification  of  management  objectives  for  the 
area.   In  mediterranean  climate  ecosystems  this  is 
especially  important  in  that  the  dominant  vegeta- 
tion types  are  commonly  recognized  as  highly 
flammable  and  having  evolved  with  periodic  fire 
(Mooney  and  Conrad  1977).   Examples  of  the  types 
of  management  objectives  that  must  be  distinguished 
between  include  fuel  hazard  reduction  (Biswell 
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1977,  Green  1977),  preservation  of  naturally 
functioning  ecosystems  (Parsons  1977,  1980), 
promotion  of  conditions  favorable  to  wildlife 
(Hendricks  1968,  Lillywhite  1977)  ,  increasing 
water  yield  (Hill  and  Rice  1963)  and  the  elimin. 
tion  or  maintenance  of  specific  vegetation  typest"''' 
or  plant  species  (Kayll  1974).   These  objectivesi 
are  often  mutually  exclusive.   Which  one  is  cho 
will  influence  both  the  type  of  program  to  be 
adopted  and  the  details  of  how  it  is  implemented 


«t: 


In  developing  a  fire  management  program  it  ij 
essential  to  understand  the  ecological  role  of 
fire  in  the  area  of  concern.   This  includes  an 
understanding  of  the  effects  of  fire  (including 
different  intensities,  seasonalities,  and  fre- 
quencies of  burning)  on  survival,  reproduction  j 
succession  of  the  local  vegetation.   It  also 
includes  an  understanding  of  present  and  past  f: 
history. 
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Keeley 's  paper  "Distribution  of  lightning  ani 
man-caused  fires  in  California"  looks,  on  a  re- 
gional level,  at  recent  burning  patterns  and 
compares  them  to  that  occuring  under  "natural" 
conditions.  Keeley  analyzes  the  distribution  o 
lightning  and  man-caused  fires  during  the  1970 
decade  in  relation  to  latitude,  distance  from  t\  ihe 
coast,  time  of  year,  elevation,  acreage  and  f uej  tos 
type.  This  represents  the  most  complete  effort 
date  to  summarize  data  on  the  present  fire  regi 
in  California.  Keeley  recognizes,  however,  the' 
difficulties  in  extrapolating  data  on  present 
lightning  fire  frequency  to  represent  "natural' 
conditions  (he  defines  "natural"  as  being  "pre- 
historical")  .  This  is  due  to  the  fact  that  manlj  :t 
now  extinguishes  many  fires  before  they  get  van 
large,  as  well  as  setting  other  fires;  thus 
altering  considerably  the  fuel  conditions  poteri|||!i!i 
tially  available  to  burn  in  lightning  fires.  iion 
This  problem  could  be  somewhat  alleviated  for  a  |lif! 
least  some  vegetation  types  by  defining  "nature  Jiyp 
as  referring  to  "presettlement"  conditions  (as  i  larvj 
been  done  by  the  U.S.  National  Park  Service  whc  urac 
includes  aboriginals  as  part  of  the  natural  scej  t; 
Keeley' s  approach  is  only  exacerbated  in  those!  teth 
areas  with  longer  periods  of  human  occupation  £  iiijes 
consequent  vegetation  modification  (Naveh  and  Ij  ttm^ 
1973).  In  such  conditions,  or  whenever  long  te 
fire  history  records  are  needed,  fossil  charcoa  ii^ 
or  pollen  analysis  may  be  the  best  hope  for  do(  iHi 
mentlng  ancestral  fire  history  (Swain  1973,  Byi  j, 
et  al.  1977).  (t, 

I  :ti' 

Radtke,  Arndt  and  Wakimoto 's  paper  "Fire  hifj  ifif^ 
tory  of  the  Santa  Monica  Mountains"  deals  with]  kii{ 
problem  of  documenting  fire  history  for  a  rela- 
tively localized  area.   In  addition  to  surveyii||!i([i 
historical  accounts  and  more  recent  fire  recor( 
the  authors  focus  on  those  factors  influencin 
fire  history  and  behavior.   A  careful  analysis 
local  patterns  of  vegetation,  topography,  cllmi 
and  land  use  in  relation  to  Ignition  sources,  Bg^gj 
together  with  case  studies  of  specific  fires  p 
vide  a  good  understanding  of  the  conditions  uni 
which  different  types  of  fires  occur.   This  aplfci 
proach  Is  of  considerable  value  in  understand!'  inj 
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al  fire  behavior  and  predicting  future  burning 
terns.   It  is  of  more  limited  value  in  elud- 
ing historical  or  prehistorical  fire  frequencies 
patterns.   Unfortunately  it  is  difficult  to  use 

6;  adard  fire  history  techniques  for  shrub  and 
lb  communities  (Parsons  1981). 
1 
i^en  land  management  practices  greatly  alter 

;e|  vegetation  of  an  area  the  historical  role  of 
e  can  change  significantly.   Minnich  deals  with 
is  problem  in  his  paper  "Grazing,  fire,  and  the 
agement  of  vegetation  on  Santa  Catalina  Island, 
ifornia."   In  this  case  grazing  by  feral  ani- 
s  has  denuded  the  vegetation  to  such  an  extent 
t  fires  will  generally  not  carry  except  in 
razed  grasslands.   The  problem  thus  becomes  one 
what  would  happen  to  the  vegetation  and  fire 
ential  should  the  feral  goats  and  pigs  be 
oved.   Should  this  proposal  be  carried  out, 
nich  recommends  a  management  program  of  using 
scribed  burning  to  develop  a  mosaic  of  com- 
ity types  and  age  classes.   This  should  reduce 

potential  of  destructive  wildfires  while 
urning  to  a  more  natural  vegetative  mosaic.   It 
Id  also  serve  the  desired  function  of  protect- 
the  watershed.   Similar  problems  are  faced  in 
;y  heavily  grazed  Mediterranean  climate  eco- 
Items  (Naveh  and  Dan  1973). 

ITrabaud's  paper  "Effects  of  past  and  present 
e  on  the  vegetation  of  the  French  Mediterranean 
,ion"  adds  an  international  perspective  to  the 
idy  of  fire  history  and  effects.   Trabaud  re- 
iws  the  history  of  man's  use  of  fire  in  southern 
ince  and  how  it  led  to  the  degradation  of  much 
the  area's  landscape.   He  discusses  in  some 
ail  the  adaptations  of  various  French  mediter- 
lean  species  to  fire  as  well  as  post-fire  suc- 
sion  in  the  Quercus  coccif era  garrigue  follow- 
;  different  frequencies  and  seasons  of  burning. 
.8  type  of  detailed  information  on  the  effects 
varying  fire  regimes  on  species  composition, 
rer   and  biomass  is  essential  to  being  able  to 
diet  the  effects  of  a  fire  management  program, 
methodology  presented  (see  also  Trabaud  1977) 
Dvides  a  useful  model  for  fire  effects  studies 
irwhere. 

Velez's  paper  "Fire  effects  and  fuel  management 
Mediterranean  ecosystems  in  Spain"  focuses  on 
I  development  and  implementation  of  a  multi- 
:eted  fuel  management  plan.   Based  on  the  ob- 
:tive  of  protecting  the  forests  from  destructive 
Idfires,  the  program  focuses  on  means  of  fuel 
iuction.   These  include  physically  removing  or 
Ipping  slash  fuels,  building  fuel  breaks,  type 
aversion,  grazing,  encouraging  hygrophytic 
'2cies  and  using  controlled  fire.   Much  of  the 
Itent  is  to  develop  and  maintain  mosaics  of 
E2cies,  age  classes,  biomass  and  flammability 
tat  will  serve  as  fuel  breaks.   The  program 
I20gnizes  fire  as  an  important  evolutionary 
'■:tor.   It  also  recognizes  that  an  understanding 
c  flammability  and  fire  adaptations  of  the 
jportant  species  is  essential  to  developing  an 
ifective  fire  protection  program.   Research  is 
ting  carried  out  in  conjunction  with  the  manage- 


ment program  on  the  effects  of  fire  on  soils, 
vegetation  succession  and  regeneration  and  refine- 
ment of  prescribed  burning  techniques  to  achieve 
desired  results.   The  paper  also  investigates 
possible  economic  uses  of  slash  chips  for  particle 
board  and  briquettes  for  fuel.   Such  economic 
spinoffs  may  be  of  increasing  value  in  future 
years . 

The  development  and  refinement  of  burning 
prescriptions  (temperature,  humidity,  wind,  fuel 
characteristics,  fire  types  etc.)  to  achieve 
specific  management  objectives  requires  consider- 
able experience  and  experimentation.   Green's 
paper  "Prescribed  burning  in  the  California  medi- 
terranean ecosystems"  summarizes  many  years  of 
data  collected  for  prescribed  burns  in  southern 
California  chaparral  and  mixed-conifer  forests. 
He  presents  recommended  prescription  ranges  for 
low,  medium  and  high  intensity  fires  for  such 
elements  as  fuel  volume,  dead-to-live  fuel  ratio, 
live  and  dead  fuel  moisture,  chemical  content, 
time  of  year,  topography,  wind,  relative  humidity, 
and  air  temperature.   While  the  data  presented  are 
for  southern  California  the  general  approach  is 
valid  for  any  fire  management  program.   The  spec- 
ific values  must  be  refined  for  the  management 
objectives  and  vegetation  of  the  area  of  concern. 
Green's  paper  should  be  of  considerable  value  as  a 
model  to  be  followed  in  developing  prescriptions 
for  other  areas. 

The  papers  presented  in  this  section  represent 
selected  examples  of  the  types  of  information 
required  to  develop  a  fire  management  program. 
They  do  not,  nor  are  they  intended  to  cover  all 
aspects  of  fire  history  or  vegetation  effects 
studies  either  available  or  required  for  any  fire- 
prone  area.   Regardless  of  objectives,  such  a 
program  requires  an  understanding  of  past  and 
present  fire  regimes  (frequency,  periodicity, 
ignition  source,  seasonality,  intensity  etc.)  as 
well  as  the  effects  of  fire  on  the  local  vegeta- 
tion.  Such  an  understanding  requires  detailed 
research  which  must  be  closely  tied  to  the  areas 
management  program. 
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!  Use  of  Fire  in  Silviculture^ 


re  Delabraze  and  Jean  Ch.  Valette^ 


Abstract :   In  the  French  mediterranean  area  the 
use  of  fire,  practiced  in  the  past  by  the  farmers, 
is  now  being  reactivated  by  the  forest  managers. 
It  relies  on  the  f lammabilities  of  the  most  impor- 
tant species  and  on  the  combustibilities  of  the 
main  vegetal  associations.   The  first  prescribed 
burns  demonstrate  the  sensitivity  of  forest  trees 
and  the  role  of  dead  material  and  wind.   The 
results  of  these  tests  lead  also  to  a  better 
evaluation  of  fire  risk  and  to  organization  of  the 
clearings. 


During  the  last  century,  the  maintenance  of 
istnut  plantations  to  make  harvest  easier,  of 
fnelands  to  reduce  fire  risk  and  damage,  and  of 
fstureland  to  get  rid  of  ungrazed  grass,  was 
crried  out  by  means  of  small  winter  prescribed 
brns.   This  method  was  nearly  completely  given  up 
a  a  consequence  of  the  exodus  from  rural  areas. 
]  forests  under  the  authority  of  the  state  and 
t;  departments,  prescribed  burning  was  not  ac- 
C3ted  as  a  forestry  technique.   Currently  the  use 
aa  even  the  introduction  of  fire  in  forest  areas 
h/e  been  banned  for  fear  of  fire  outbreaks. 
L.iers  are  given  impairments  from  October  15  to 
iiril  1. 


-  use  of  data  gathered  through  these  investi- 
gations, in  order  to  perfect  the  prescribed  burn- 
ing methods. 


FLAMMABILITY  OF  FOREST  SPECIES 

Principle  of  Measurement 

The  flammability  of  a  vegetal  sample  is  calcu- 
lated according  to  the  time  necessary  for  appear- 
ance of  flame  when  the  sample  is  subjected  to  a 
fierce  heat  radiation. 


The  decrease  in  fire  danger  (outbreaks  and 
ejecially  spread)  is  related  to  the  clearing  of 
ulerbrush.   The  four  techniques:   clearing  by 
hid  or  machine,  use  of  weed-killers,  use  as 
psturelands,  and  prescribed  burning  are  scien- 
tEically  compared  in  order  to  present  a  set  of 
^Eicient  and  often  complementary  methods  to  the 
iiagers. 

To  deal  with  prescribed  burnings,  the  Mediter- 
riean  Sylviculture  Center  of  the  I.N.R.A.,  Forest 
Esearch  Department,  has  developed  research  in 
Oder  of  urgency  established  after  consultation 
Vith  the  forest  njanagers.   Dealing  first  with 
frecasting  of  fire  danger,  the  research  has  led 
t  study  of  the  silvicultural  possibilities  of 
f:e  along  these  lines: 

-  flammability  of  the  rriain  species  of  forest 
t;es,  in  order  to  determine  the  risks  of  fire 
oibreak  ana  to  understand  their  development 

-  combustibility  of  the  main  forest  associa- 
tins,  to  define  the  risks  of  fire  spread 

-  cumbustibility  of  the  forest  litter  respon- 
S)le  i.or   both  the  outbreak  and  spread  of  fires 


Presented  at  the  symposium  on  Dynamics  and 
hiagement  of  Mediterranean- type  Ecosystems  June 
2-26,  1981,  San  Diego,  California. 

2 
I.N.R.A.  Station  de  Sylviculture  Mediter- 

rieenne  Avenue  A.  Vivaldi  -  84000  AVIGNON. 


Apparatus  and  Method 

Experimental  Apparatus 

A  radiator  sends  out  a  flux  of  about  7  watts 
per  square  centimeter  and  3  microns  wavelength. 
The  pilot  flame  allows  the  ignition  of  the  air-gas 
mixture  resulting  from  the  thermic  decomposition 
of  the  sample,  but  it  does  not  play  any  part  in 
this  decomposition. 


Pilot  flame 


Gas  inlet 


:st(!^---:^^    )'\,„  sample 


Figure  1 — Flammability  measurement  apparatus. 


ie  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
«iiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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The  Fuel  (table  1) 

Only  the  flammability  of  the  fine  elements  of 
the  main  forest  species  is  measured,  as  these 
elements  cause  the  fires. 

Experimental  Checklist  and  Significant  Data 

For  each  studied  species,  the  monthly  perio- 
dicity of  testing  is  reduced  to  10  days  when  the 
fire  danger  increases,  generally  in  the  summer 
time. 

Picked  according  to  very  precise  criteria  on 
homogeneity,  the  200  or  300  grams  of  green  matter 
required  for  a  specific  test  are  put  into  tight 
bags  under  partial  vacuum  and  then  placed  in  a 
cooling-box;  thus  the  water-loss  is  reduced  to  a 
minimum  during  transport.   A  specific  test  is 
composed  of  100  basic  tests  made  in  three  running 
series.   Each  1-gram  sample  is  put  on  the  heating 
disk.   The  time  between  the  moment  when  the  sample 
is  set  in  place  to  the  appearance  of  the  first 
flame  is  recorded.   The  test  is  positive  if  the 
time  is  less  than  60  seconds. 

Then  for  each  specific  test  these  values  are 
calculated: 

-  the  percentage  of  positive  tests 

-  the  mean  flammation  time,  averaging  the 
flamnation  times  of  the  positive  tests,  expressed 
in  seconds 

-  the  mean  moisture  content,  averaging  the 
moisture  contents  of  the  four  samplings,  expressed 
as  a  percent  of  the  ovendry  weight  (24  hours  at 
60°C). 

The  close  relation  between  the  percentage  of 
positive  tests  and  the  mean  flammation  time  have 
made  a  scale  of  flammation  possible,  (table  2) 


-  defining  the  fire  outbre 

ak 

ri£ 

ks 

and  above 

all  their  sudden  aggravation 

and 

tb 

eir 

territor 

1- 

distribution 

-  making  seasonal  map 

3  c 

)f 

fire  danger,  from  i 

e 

forest  associations  maps 

,  whl 

ch 

3hc 

uld 

give  a 

- 

sufficiently  accurate  account 

of 

the 

flora  compc 

sition  of  the  various  stories 

• 

• 

i 

Table  1 — Specific  f lammabilities 

during 

the  f 

"ir 

danger  period 

Studied  species 

Flammability 

- 

July  [August 

-  1 

Septembe 

I 

Calcareous  Provence 

Tree  story 
Pinus  hale pens  is 
Quercus  ilex 

4 
4 

4 
4 

4 
4 

4 
5 

4 
4 

4 
4 

4 
4 

^  r 

4  ■ 

Quercus  pubescens 

5 

5 

5 

5 

5 

5 

5 

5 

Shrub  story 

Quercus  coccifera 

0 

2 

3 

4 

3 

4 

4 

4  W 

Phillyrea  angustifolia 

1 
2 
2 

4 
3 
3 

4 
4 
3 

5 

5 
5 

5 
5 

4 

5 

5 
2 

5 
3 
2 

4 
3 
3 

' 

Rosmarinus  officinalis 

! 

Cistus  alb  id us 

( 

Thymus  vulgaris 

4 

3 

5 

5 

5 

4 

4 

4  f 

Herbaceous  story 

Brachypodium  ramosum 

- 

4 

5 

5 

5 

5 

5 

5  \ 

Crystalline  Provence 

f 
1 

■' 

Tree  story 

i 

Pinus  pinaster 

3 

3 

3 

1 

2 

2 

3 

3  { 

d 

Quercus  suber 

4 

5 

4 

5 

4 

5 

5 

5  \ 

•' 

Shrub  story 

Erica  arborea 

2 

4 

4 

4 

4 

4 

4 

4 

Erica  scoparia 

4 

4 

4 

4 

4 

4 

4 

4  ' 

Arbutus  unedo 

0 

1 

3 

2 

2 

3 

1 

1 

Cistus  monspelliensis 

2 

3 

3 

3 

3 

2 

2 

1  [ 

Calluna  vulgaris 

3 

4 

3 

4 

4 

3 

3 

2  I 

Results 

Species  can  be  classified  at  regular  intervals 
according  to  their  flammability.   Table  1  makes 
clear  that  the  flammability  is: 

-  grossly  linked  to  plant  physiologic  activity; 
very  low  or  close  to  null  at  the  time  of  bud 
burst,  it  increases  with  the  time  of  new  tissue 
lignif ication  and  reaches  a  maximum  at  the  time  of 
suDimer  aormancy 

-  temporarily  influenced  by  rainfall  or  the  air 
moisture  content;  specific  reactions  take  shape — 
the  pluviometry,  and  itiore  precisely  the  amount  of 
water  stored  in  the  soil,  bring  about  wide  varia- 
tions in  f  iamniability . 


Use  of  the  Results 


Knowledge  of  the  specific  f lamnabilities  leads 


to: 
476 


Table  2 — Flammability  marks  levels  as  a  functio 
of  the  percent  of  positive  tests  and  the  mean 
flammation  time 


Mean  flammation 

Percent  of  positive 

tests 

(time  seconds) 

98  to 

95 

to 

90 

to 

85 

to 

80  to 

100 

97 

94 

89 

84   :0 

less  than  12.5 

5 

4 

3 

2 

1 

from  12.5  to  17 

5 

4 

3 

2 

1 

1    ' 

from  17.5  to  22 

5 

3 

2 

1 

1 

0    1 

from  22.5  to  27 

5 

2 

1 

1 

0 

0    ' 

from  27.5  to  32 

5 

1 

1 

0 

0 

0     1 

more  than  32.5 

1 

0 

0 

0 

0     1 

The  forester  in  charge  of  forests  threatened  by 
fires  is  given  the  decision  elements  to  rank  hi 
intervention: 

-  on  areas  of  species  which  are  highly  flam- 
mable or  dangerous  owing  to  sensitive  surround! ; 
plantations 


-  on  bushy  and  low-branching  plants  such  as 
Pinus  halepensis,  with  its  dead  lower  verticils, 
covered  with  dry  needles,  which  come  nearly  in 
contact  with  the  high  calorific  potential  associa- 
tions of  Ulex  parvif lorus ,  Quercus  coccifera,  and 
Brachypodium  ramosum 

-  last  but  not  least,  when  he  uses  prescribed 
burning. 


COMBUSTIBILITY  OF  FOREST  ASSOCIATIONS 

•Principle 

First  restricted  to  the  low  bush  associations, 
•the  study  of  combustibility  is  based  on  a  re- 
Dlanting  of  the  various  vegetal  stories,  from  the 
Litter  to  the  bush,  on  a  combustibility  measure- 
uent  apparatus,  and  consists  in  recording  the  data 
jf  the  combustion. 


Test  Phases  and  Data  Collected 

The  vegetation  and  litter  are  both  gathered 
from  homogeneous  and  representative  associations 
on  eight  aligned  and  continous  plots,  each  1 
square  meter.   Before  each  sampling  a  sketch  of 
the  plant  layout  on  the  soil  is  drawn,  along  with 
a  description  of  the  phenologic  stages  and  of 
respective  measurements  and  weight.   The  crop  and 
all  the  following  processes  are  preceded  by  meas- 
urements of  the  air  temperature  and  moisture 
content  and  of  the  wind  speed  and  bearing.   Trans- 
port is  carried  out  under  cover.   The  plants  are 
planted  out  on  the  apparatus  according  to  the 
sketches.   A  detailed  checklist  states  the  fire 
ignition  conditions.   During  the  burning,  the  fire 
rate  of  spread  and  the  flame  front  characteristics 
are  recorded.   At  the  end  of  the  test,  the  unburnt 
plants  are  measured  and  weighed. 


Apparatus  and  Method 

The  Combustibility  Measurement  Apparatus  (figures 
\l   ana  3 )  . 

The  litter  and  collected  vegetation  are  laid  on 
|Ldentical  surfaces  on  eight  trucks,  each  1  square 
aeter  by  25  centimeters.  The  moving  walls  act  as 
:he  surrounding  vegetation  by  protecting  the  fire 
rom  external  agents  (wina)  and  by  reflecting  the 
jieat;  a  top  screen  simulates  the  tree  canopy.  The 
'ariable  thread  blade  fan  allows  creation  of  wind 
It  speeds  ranging  from  5  to  40  meters  per  second. 


uel 


I      The   study  deals   with   these  main   forest   associa- 
:ions : 


•lalcareous   Provence 
Quercus   coccifera 


I 


Ulex   parvif lorus 
Rosr.iarinus    officinalis 
Quercus    ilex 


Crystalline    Provence 
Arbutus    unedo 
Lrica   raborea 


C i s  t us    mo  ns p  e  1  li e  ns  is 
Calluna  vulgaris 


Moving   wall 


Blade   fan 


Thr'--'mncouDles 


Put-on-fire   device 


igure   2 — Combustibility   rueasuren.ent   apparatus 
outside). 


f        Panel 


Pif fuser 


Blade    fan 


1 hermocouples 


Trucks 


Figure    3 —   Combustibility   measurement    apparatus 
(inside) . 

Results    (table    3) 

The    litter   plays    a   detemiining   part   because   of 
the    surface    dead    fuel.      Fire  has    great   difficulty 
in   spreading  when   the    litter   is  missing,    even   if 
the    living    fuel    is   at    its    lowest   moisture    content. 
Only   the   surface  of   dead    fuel   burns   when   it    is 
bulky;    when   it   is   abundant   and    light    it   encourages 
the   fire  spread.      The    fire   rate  of   spread    is 
negatively    linked  with    the    litter   moisture   con- 
tent--hence   the  propitious   consequences  of   a    light 
rainf al 1 . 
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The  herbaceous  story  transmits  the  fire  from 
the  litter  to  the  shrubby  story.   Its  phenologic 
stage  and  its  abundance  affect  fire  spread  more  by 
its  high  flammability  than  by  the  released  energy. 
The  graminaceae  that  dry  out  in  summer  are  the 
more  dangerous;  some  of  these  turn  green  again 
after  the  first  storms  of  late  summer. 

The  rain  brings  about  a  quick  change  in  com- 
bustibility.  It  increases  the  moisture  content  of 
the  litter  and  leads  to  a  new  start  of  the  vegeta- 
tive activity.   In  summer,  50  percent  of  the  tests 
in  which  fire  covers  the  8  meters  of  the  apparatus 
are  in  samples  taken  more  than  10  days  after  the 
last  rain;  on  the  other  hand,  85  percent  of  the 
tests  whose  combustion  stops  within  the  first 
meters  of  the  apparatus  have  been  on  samples  taken 
less  than  10  days  after  a  rain. 

Wind  speed  and  rate  of  fire  spread  are  posi- 
tively linked  to  one  another.   The  increase  of  the 
flame  length  and  the  width  of  the  flaming  area  the 
flaming  front  incline  on  the  combustible  explain 
it. 

Fire  spread  is  linked  with  the  plant  structure: 
for  the  same  biomass,  an  effective  low  bulk 
density  increases  combustibility  owing  to  the 
large  heat-absorbing  surface  and  to  the  possible 
ventilation  inside  the  fuel. 


Use  of  the  Results 

The  combustion  of  the  low  story  vegetation  is 
correctly  modelled  on  the  apparatus: 

-  the  flame  front  specific  energies  are  calcu- 
lated according  to  Byram's  formula  from  the  van- 
ished combustible  mass,  its  moisture  content,  fire 
rate  of  spread,  and  knowledge  of  the  heat  release 

-  the  energy  radiated  by  the  flame  front  is 
inferred  from  study  of  its  development  and  of  the 
measured  temperatures  (adaptation  of  the  Stephan- 
Blotzmann  formula) 

-  also,  the  biomasses  and  the  laws  of  their 
development  are  drawn  from  these  tests. 


DEAD  MATERIAL  COMBUSTIBILITY 

Principle  of  Investigation 

Currently,  dead  fuel  combustibility  is  only 
studied  on  leaves  or  needles  picked  on  trees, 
desiccated,  and  then  laid  out  by  hand  in  regular 
layers. 


Table  3 — Combustibilities 

of  the  main  forest 

associations 

Forest  associations 

Combustibility 

Calcareous  Provence 

Quercus  coccifera 

Good  in  summer,  poor  ir 

autumn 

Ulex  parviflorus 

Excellent  in  summer. 

existent  in  winter 

Rosmarinus  officinalis 

Poor 

Quercus  ilex 

Similar  to  Q.  cocciferc 

Crystalline  Provence 

Arbutus  unedo 

Poor 

Erica  arbora 

Excellent  in  summer,   i 

then  poor 

Cistus  monspelliensis 

Excellent  in  case  of 

summer  drought 

Calluna  vulgaris 

Good  in  summer 

A  fuel  bed  (86  x  58  x  6  centimeters)  rests  on 
scales  (15.00  +_  1.5  grams).   Eight  thermocouples 
(Nc-Na),  one  above  the  other,  and  a  fluxmeter  are 
connected  to  recorders.   A  photographic  apparatus 
records  the  combustion. 

Studied  Species 

Material  is  harvested  in  autumn  from  branches 
of  Pinus  nigra  Arn.  ssp  laricio ,  Pinus  pinaster 
Soland,  Pinus  halepensis  Mill,  Cedrus  atlantica 
Manetti. 

Fuel 

It  has  these  characteristics: 

-  surface/volume  ratio  of  the  leaf  or  the 
needle,  expressed  as 

2     _  _    _  2  (   +2) 


or 


where   e  =   thickness   of    leaf   or   needle 

-  initial  mass 

-  moisture  content,  expressed  as  a  percent  of 
ovendry  weight 

-  dry  material  initial  mass 

-  bulk  density,   ,  in  grams  per  centimeter 

Results 


Apparatus  and  Method 
Experimental  Apparatus  (figure  4) 


Dried  needles  of  Pinus  nigra  laricio 
-1 


4.7  mm 


1.8   10  ^   g.cm  ^ 
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I   All  the  combustion  data  of  the  tests  made  in 
jihorizontal  position  are  positively  related  to  the 
initial  ovendry  mass  from  a  threshold  of  steady 
rate  of  spread  on  3.6  t/ha.   The  most  accurate 
fittings  are  linear  and  the  correlation  coeffi- 
cients are  superior  to  0.9. 


!   When  the  fire  moves  upwards,  from  a  20  slope, 
the  fire  spread  laws  are  totally  altered.   The 
fire  spreads  up  the  slope  very  fast,  burning  only 
the  upper  layer  of  the  dead  fuel. 

The  tests  made  with  fires  moving  downwards  give 
results  which  can  be  compared  with  those  made  on  a 
flat  position,  yet  the  slopes  of  the  regression 
lines  are  lower. 


Dried  needles  of  Pinus  pinaster 


2.7  mm 


-1 


=  2.10 


-2 


g.cm 


-3 


The  characteristics  of  the  combustion  of  this 
dead  fuel  are  akin  to  those  obtained  with  needles 
of  Pinus  nigra  laricio.   The  slopes  of  the  regres- 
sion lines  are  not  significantly  different  whereas 
the  ordinates  at  the  origin  are  slightly  superior. 
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Figure  4 — Diagram  of  the  apparatus  for  measuring 
the  dead  material  combustibility. 


Dried  needles  of  Pinus  hale pens is 

-1 


6  mm 


=  3.3 


, ^-2      -3 
10    g • cm 


The  fire  rate  of  spread  threshold  is  close  to 
1.8  t/ha.   All  the  data  are  related  to  the  initial 
ovendry  mass,  yet  the  slopes  of  the  regression 
lines  are  significantly  lower  than  those  of  the 
two  aforementioned  pine  trees. 

Dried  needles  of  Cedrus  atlantica 

=  33.10"^  g.crn"^ 

Achieving  a  continuous  carpet  requires  the 
equivalent  of  5  t/ha.   Even  for  the  highest  values 
the  fire  does  not  spread . 


HIGH  CALORIFIC  VALUES,  ASH  AND  MINERAL  CONTENTS 

The  data  allow  an  accurate  estimation  of  the 
energy  released  during  the  combustion. 


The  High  Calorific  Value 

Determining  this  allows  us  to  calculate  the 
potential  energy  of  forest  combustibles  and  the 
maximum  heat  release.   Measured  every  month  ac- 
cording to  the  classical  calorimetry  method,  the 
H.C.V.  are  comparatively  lower  during  growing  time 
than  after  lignifying  time.   The  H.C.V.  of  Erica 
arborea  is  higher  than  the  values  given  for  most 
of  the  tree  species  (table  4).   The  H.C.V.  of 
mediterranean  species  are  generally  superior  to 
those  of  more  northern  species.   As  for  the 
building  material,  no  link  between  the  H.C.V.  and 
the  specific  f lammabilities  has  been  clearly 
shown. 


Ash  and  Mineral  Contents 

Determined  every  month  by  decomposition  at 
450  C  in  a  muffle  furnace,  the  ash  contents  are 
low  during  growing  time  and  higher  after  ligni- 
fying time.   The  ash  content  of  the  Arbutus  unedo 
leaves  is  double  that  of  the  ash  content  of  the 
Erica  arborea  leaves,  whose  Ca  content  is  very 
similar  to  the  Ca  content  of  the  Ulex  parvif lorus 
shoots  (table  4). 

The  study  did  not  show  any  clear  link  between 
these  contents  and  the  characteristics  of 
combustion. 


THE  PRESCRIBED  BURNINGS  IN  FRENCH  MEDITERRANEAN 
AREA 

Widely  used  in  the  past,  the  prescribed  burning 
method  is  nowadays  only  used  by  a  few  shepherds  in 
Corsica  and  some  peasants  in  the  Maures  and 
Cevennes  Mountains. 
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Table  4 — Specific  high  calorific  values,  ash  and  mineral  contents 


H.C.V, 
(kJ.g  ') 

Contents  in 

Fuel 

Ash 

P 

1 

K 

Mg 

1 

Ca 

( 

pe 

rcent  ove 

nd 

ry  wei 

gh, 

t) 

Leaves  of  Erica  arborea 

24.0 

2.42 

0.07 

0.49 

0.23 

0.30 

Needles  of  Pinus  halepensis 

22.2 

3.20 

0.11 

0.50 

0.15 

0.63 

Shoots  of  Ulex  parviflorus 

20.9 

2.34 

0.08 

0.62 

0.13 

0.37 

Leaves  of  Arbutus  unedo 

21.0 

4.15 

0.10 

0.61 

0.27 

0.99 

Leaves  of  Quercus  ilex 

20.3 

4.05 

0.09 

0.50 

0.15 

0.96 

Leaves  of  Cjuercus  coccifera 

20.0 

4.20 

0.07 

0.53 

0.14 

1.22 

Aims 

The  tests  on  prescribed  burnings  are  intended 
to  define  the  rules  of  use  according  to  the  cli- 
matic, relief,  and  soil  conditions  and  to  improve 
knowledge  of  the  reaction  of  forest  tree  species 
to  the  various  types  of  prescribed  burning. 


Plotting  Out  and  Method 

Each  test  area  is  delimited  by  a  surrounding 
cleaned  area,  gridded  with  posts  to  make  marking 
and  measurement  easier  to  determine. 

-  importance,  nature,  and  qualities  of  the  dead 
fuel  and  of  the  various  vegetation  stories 

-  measurements  of  the  trees  where  thermosensi- 
tive  plates  are  set 

-  microclimatic  conditions 

-  fire  ignition  conditions,  flame  front  spread, 
development  of  flames  on  trees,  and  reactions  of 
the  various  species 

-  aspect  of  the  ground  and  conditions  pre- 
vailing there  after  the  test. 

Later,  the  restoration  and  new  setting  up  of 
vegetation  will  be  observed  with  interest 
(table  5). 

The  prescribed  burns  are  generally  made  against 
the  wind  or  at  counterslope . 

Table  5 — Scale  for  obvious  fire  damages 


Obvious  damages 

Scale 

No  damage 

0 

Over  2/3  of  the  initial  leaf  mass  are 

green 

1 

From  1/3  to  2/3  of  the  initial  leaf  mass 

are  green 

2 

Less  than  1/3  of  the  initial  leaf  mass 

is  green 

3 

Some  green  leaves 

4 

No  green  leaves 

5 

Results  (table  6) 

These  tests  being  on  the  whole  quite  recent, 
the  results  are  only  provisory. 

From  the  first  investigations,  the  following 
points  can  be  noted: 


-  large  damages  to  the  tree  story  in  tests  3,  i 
and  9,  which  were  made  at  the  bottom  of  the  slope 
on  account  of  an  adverse  wind 

-  satisfactory  aspect  of  tests  4  and  7,  ignited 
at  counterslope,  and  of  tests  1,  2  and  6,  which 
were  made  against  the  wind:   the  low  stories  are 
well  burnt  back  and  trees  are  spared 

-  the  high  combustibility  of  Quercus  ilex  and 
of  Pinus  halepensis  foliage  and  the  relative 
endurance  of  needles  of  Pinus  pinaster . 

t 
Prescribed  burning  can  only  be  correctly 
carried  out 

-  if  the  wind  direction  is  well  established  and 
if  its  speed  is  low  and  steady 

-  if  the  dead  fuel  or  herbaceous  layer  is 
continuous  enough  to  guarantee  a  steady  rate  of 
fire  spread 

-  if  the  fuel  on  the  ground  is  dry  enough 

-  if  the  low  verticils  of  trees  are  more  than  i 
to  4  meters  above  the  low  story. 


Conclusions 

These  first  tests  show  that  planted  firebreaks 
or  trimmed  bushes  of  Quercus  pubescens  covering  a 
graminaceous  grassland  can  be  maintained,  that 
there  are  maintenance  problems  in  planted  fire- 
breaks where  there  are  no  resinaceous  species, 
owing  to  a  scarce  litter,  and  that  there  are 
limits  to  the  use  of  prescribed  burning  in 
forested  areas  as  soon  as  the  mattoral  (maqui  and 
garrigue)  are  fully  grown. 


480 


UBLICATIONS  OF  THE  CENTER  ON  THESES  SUBJECTS 

aramelle  Ph.,  Clement  A.,  1978  -  Inf lammabilite 
et  combustibilite  de  la  vegetation  mediter- 
raneenne.   Flammability  and  combustibility  of 
the  mediterranean  vegetation.   (3rd  year  thesis 
E.N.I.T.E.F. ,  July  1978,  158  p.) 

elaveaud.  P.,  1981  -  Le  feu,  outil  sylvicole. 
Utilisation  pratique  des  donnees  de  combusti- 
bilite. The  fire  as  a  sylvicultural  technique; 
practical  use  of  combustibility  data.   (3rd 
year  thesis  E.N.I.T.E.F.,  July  1981,  to  be 
published.) 


Doat,  J.;  Valette,  J.  Ch. ,  1981  -  Le  pouvoir 
calorifique  superieur  d'especes  forestieres 
mediterraneennes.   High  calorific  value  of 
mediterranean  forest  species.   Ann.  Sci.  For . , 
to  be  published. 

Valette,  J.  Ch. ;  Clement,  A.;  Delabraze,  P., 
1979  -  Inf lammabilite  d'especes  mediter- 
raneennes.  Flammability  of  some  mediterranean 
species.  (Research  note  79-3,  Mediterranean 
Sylviculture  Center,  39  p.) 

Valette,  J.  Ch,;  Vannier ,  G. ,  1981  -  Inf lamma- 
bilite estivale  des  principales  especes 
forestieres  de  Provence  calcaire.   Summer 
flammability  of  the  main  forest  species  of 
calcareous  Provence.   To  be  published. 


481 


Table  6  — First  tests 

Df  prescri 

bed  burnings 

Number  of  test 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Maures 

Ht  Var 

Aloilles 

Place  of  test 

Var       Permian 

mark 

Crystalline  Provence 

Calcareous  Provence 

Planted  Fire  hreak<^ 

Type  of  Plantation 

mixed  forest 

mixed  forest 

Tree  storey 

Pinus  pinaster   and 

Pinus  pinaster 

Queraus 

Quercus 

Pinus   halepensis   4  to  8  m. 

Before  the  fire 

Pinus  halepensis 

and  Queraus   ilex 

3uber  3 

Pabesaers 

Quercus   ilex            2  to  4  m. 

5  to  10  ra.high 

3  to  10  m.  high 

to  5  m. 

4  to  5  m 

Pruned  to  2  m. 

Pruned  to  2.5  m. 

unpruned 

Pruned 

Pruned 

Dormant 

Dormant 

Dormant 

Dormant 

Dormant 

Immediately  after  the 

Low  verticils 

Destruction 

'lO 

no 

Verticils  turning  yellow 

fire 

turning  yellow 

of  trees 

i?(  7  and 
less 

low 
verticils 
turning 
yellow 

damage 

damage 

Six  monttB  later 

turning  green  agair 

" 

turning  green  again 

death 

death 

Partial 

" 

rate 

rate 

turning 

" 

2.  5  to 

2.  5  to 

green 

" 

3  m. 

5  m. 

1 

Erioa  arborea   and  arbutus 

^yiedo,    aalyaotoma  spinosa 

Upper  shrub  storey 

Before  the  fire 

Missing 

Numerous 

2  to  4  m.  1  to  2m. 

Destruction 

Sparse 

Missing 

Immediately  after   the 

total 

Partial 

fire 

Six  months  later 

3ome 
shooting 

partial 
turning 
green 

Lower  shrub  storey 

Before  the  fire 

Missing 

Genista  pilosa 

hissing 

;;issinn 

Quercus  cocci fera 

Immediately  after  the 

total  destruction 

total  loss  of  leaves 

fire 

no   turning  green 

Six  months  later 

qrowincj  shoots 

Herbaceous  storey 

dry  graminaceous 
carpet 

sparse  graminaceoiB 

viissing 

thick 
carpet 

thick  carpet  of  brachypode 

Immediately  after  the 

totally  destroyed 

total  disparition 

totally 

Totally  destroyed 

fire 

destroyai 

Six  months  later 

total  turning  green 

some  signs  of  tur- 
ning green 

total  tur 

ning 

green 

total  turning  green 

Dead  fuel 

abundant, made  of  dr 

led  needles 

hissing  d 

ried  lea- 

Dried needles  and  gramina- 
ceae 

Before  the  fire 

graminaceae 

ves 

Immediately  after  the 

totally  destroyed 

burnt  to 

burnt  to  7  5  % 

fire 

7  5  1. 

Six  months  later 

Building  up  by  drie 

a  needles  fall 

no  re- 

Partial building  un 

construc- 

with dried  needles 

Partial 

Tartial 

lov; 

tion 

Prescribed  Burning 

Successi- 

Simulta- 

moving 
upwards 

moving 
downwards 

noving 
downwards 

against 
wind 

Successive 
Lines 

Type 

ve  lines 

neous 

moving 
downwar 

moving 
upwards 

lines 

ds 

Plot  relief 

Flat 

Flat 

5°  slope 

5°  slope 

10°  slop< 

Flat 

5°  slope 

10°  slope  10°  slope 

Fire  Rate  of  Spreadi,.i/'i. 

45 

200 

37 

17 

_ 

60 

12 

60 

60 

Conclusion 

Highly 

Satisfac 

Un  Satis 

Satisfac 

— 

Highly    Highly 

Not  So 

tot  So 

Satisfac 

tory 

factory 

tory 

Satisfac  Satisfac 

Satisfac 

Satisfac 

tory 

bory      tory 

tory 

tory 
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ledicting  Fire  Behavior  in  U.S.  Mediterranean 
;osystems^ 

ank  A.  Albini  and  Earl  B.  Anderson^ 


Abstract:   Quantification  and  methods  of  prediction 
of  wildland  fire  behavior  are  discussed  briefly  and 
factors  of  particular  relevance  to  the  prediction 
of  fire  behavior  in  Mediterranean  ecosystems  are 
reviewed.   A  computer-based  system  which  uses  rele- 
vant fuel  information  and  current  weather  data  to 
predict  fire  behavior  is  in  operation  in  southern 
California.   Some  of  the  difficulties  encountered 
in  attempts  to  isolate  model  and  data  deficiencies 
are  described. 


Recurrent  wildland  fires  are  common  to  those 
eas  of  the  world  that  enjoy  Mediterranean  cli- 
ite  (McCutchan  1977).   Because  these  areas  are 
ilatively  populous,  they  present  a  particular 
lallenge  to  the  wildland  manager  who  would  use 
re  as  a  tool  in  ecosystem  management  or  who  seeks 
i   minimize  the  undesirable  consequences  of  wild- 
ind  fires.   The  challenge  of  fire  management  in 
iditerranean  ecosystems  is  made  more  stringent  by 
e  flammability  of  the  native  vegetation  and  the 
equent  occurrence  of  long  periods  of  severe  burn- 
ig  conditions  (Philpot  1977).   These  factors  com- 
ne  to  intensify  the  need  for  and  value  of  the 
dlity  to  predict  the  behavior  of  wildland  fires, 
meliness  of  such  predictions  is  of  paramount  im- 
'rtance;  indeed,  the  character  of  a  system  design- 
.  to  satisfy  the  needs  for  fire  behavior  predic- 
on  and  fire  control  dispatching  assistance  in 
■uthern  California  was  dictated  by  the  time  con- 
xaints  under  which  it  must  perform  (Van  Gelder 
178). 


lantifying  Fire  Behavior 

Wildland  fire  behavior  can  be  described  quanti- 
itively  by  measures  of  the  rate  of  fire  growth, 
s  energy  release,  the  distance  over  which  it  can 
■  expected  to  spawn  new  fires  (to  "spot")  remote 
om  its  present  site,  and  the  likelihood  that  it 
11  consume  or  propagate  in  the  crowns  of  the 
'erstory  forest  if  it  burns  in  such.   Free-burning 
res  tend  to  maintain  geometrical  similarity  under 
instant  fuel  and  burning  conditions,^  so  projec- 
ons  of  perimeter  and  area  can  be  based  on  the 
irward  rate  of  spread.   The  energy  released  per 
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unit  area  burned  is  proportional  to  the  quantity 
of  fuel  per  unit  area  (fuel  loading) .   The  product 
of  spread  rate  and  the  energy  release  per  unit 
area  gives  the  fireline  intensity — or  Byram's  in- 
tensity— as  the  energy  release  per  unit  time  per 
unit  length  of  fire  edge  (Byram  1959) .   Another 
measure  of  intensity  is  the  heat  release  per  unit 
burning  area  per  unit  time,  called  "reaction  in- 
tensity" by  Rothermel  (1972) .   The  potential  spot- 
ting distance  is  probably  proportional  to  flame 
height  (Albini  1979,  1981a)  and  thus  to  fireline 
intensity'*  (Nelson  1980;  Albini  1981b).   In  this 
paper  we  shall  not  address  the  burning  of  tree 
crowns . 

These  considerations  suggest  that  fire  behavior 
can  be  described  using  three  quantities:   forward 
rate  of  spread,  fuel  loading  (or  heat  release  per 
unit  area) ,  and  reaction  intensity.   Fireline  in- 
tensity is  the  product  of  spread  rate  and  heat  re- 
lease per  unit  area,  and  is  roughly  proportional 
to  flame  height  and  potential  spotting  distance. 
Flame  length  is  roughly  proportional  to  the  square 
root  of  the  fireline  intensity  (Byram  1959;  Nelson 
1980;  Albini  1981b).   Reaction  intensity  can  be 
used  to  gauge  the  vigor  of  burning  for  prescribed 
fire  planning. 


Methods  of  Predicting  Fire  Behavior 

Fire  behavior  can  be  predicted  by  any  of  three 
methods,  each  with  unique  merits  and  shortcomings: 

1.  One  may  draw  upon  personal  experience  in 
similar  situations.   This  method  is  always  instant- 
ly available  and  is  the  first  and  last  resort  of 
every  experienced  field  firefighter.   But  although 
experience  is  the  best  teacher,  it  is  also  the 
slowest  and  most  expensive.   And  the  transfer  of 
this  capability  from  one  individual  to  another  is 
both  difficult  and  error-prone.   While  firsthand 
experience  is  actively  to  be  sought  and  experienced 
judgment  ever  to  be  respected,  this  means  of  pre- 
diction cannot  be  the  sole  resource  for  today's 
fire  manager  because  it  is  a  perishable  and  poorly 
shared  commodity. 

2.  Experience  may  be  captured  for  use  by  others 
through  inferential  (or  statistical)  models.   Fire 


"^Nelson  gives  a  formula  for  flame  height  under 
wind  influence  that  can  be  interpreted  as  propor- 
tional to  fireline  intensity  or  its  square  root. 


n.  Tech.  Rep.  PSW-58.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Range 
periment  Station,  Forest  Service.  U.S.  Department  of  Agriculture;  1982. 
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behavior  in  similar  situations  can  then  be  calcu- 
lated by  the  inexperienced  through  observation  of 
indicator  variables  such  as  windspeed,  temperature, 
humidity,  fuel  type,  etc.   This  technique  is  in 
principle  cheap  and  simple  to  apply,  and  it  repre- 
sents a  compact  means  of  sharing  experience.   The 
unique  deficiency  of  this  approach  stems  from  the 
great  number  of  variables  that  influence  fire  be- 
havior and  the  fact  that  chance  observations  must 
form  a  large  part  of  the  data  set.   This  is  so  be- 
cause extrapolation  beyond  the  range  of  the  data 
base  supporting  an  inferential  model  is  not  valid 
and  may  lead  to  large  errors.   So,  if  severe  fire 
behavior  is  to  be  predicted,  it  must  be  measured 
and  correlated  to  its  causative  variables,  in  what- 
ever combinations  opportunity  provides.   The  fact 
that  one  may  not  control  any  substantial  number  of 
these  variables  makes  it  unlikely  that  such  models 
of  broad  applicability  will  ever  come  to  be.   Where 
such  models  exist  and  span  important  ranges  of  fire 
behavior,  they  should  be  exploited.   But  at  present 
the  realm  of  our  combined  experience,  as  captured 
in  quantitative  form,  does  not  offer  us  the  option 
of  assembling  the  models  needed  to  span  the  wide 
range  of  fire  behavior  experienced  in  Mediterra- 
nean ecosystems. 

3.   A  third  alternative  for  predicting  fire  be- 
havior is  the  assembly  and  use  of  a  mathematical 
model  that  rests  mainly  on  well-established  laws 
of  physics.   Several  such  models  have  been  pro- 
posed.  While  none  of  them  are  sufficiently  general 
to  handle  the  entire  spectrum  of  wildland  fire  be- 
havior, Rothermel's  semi-empirical  model  (1972) 
has  been  mechanized  (Albini  1976)  and  widely  ap- 
plied.  It  describes  the  behavior  of  fires  in  a 
variety  of  wildland  surface  fuels  with  gratifying 
consistency  (Andrews  1980) .   The  strength  of  this 
approach  lies  in  the  flexibility  and  growth  capabi- 
lity and  especially  in  the  opportunity  it  affords 
to  make  use  of  controlled  test  data  to  improve  im- 
portant empirical  components  of  the  model  (Wilson 
1981).   Such  virtues,  however,  are  of  little  value 
to  the  practical  user  if  he  must  make  lengthy  com- 
putations.  The  complexity  of  the  model  renders  it 
inscrutable  and  thus  suspect;  its  demand  for  input 
data  makes  it  tedious  to  apply;  some  data  are  un- 
familiar but  the  model  is  sensitive  to  them,  leav- 
ing the  user  unsure  of  the  validity  of  the  results. 


Automating  Fire  Behavior  Prediction 

If  the  user  of  fire  behavior  predictions  need  not 
supply  input  data  yet  is  supplied  with  prompt  re- 
sults, the  difficulties  just  described  can  be  large- 
ly circumvented  and  the  mathematical  model  used 
as  an  aid  to  strategic  and  tactical  fire  control 
decisionmaking.   Automation  of  calculations  and 
maintenance  of  a  machine-readable  data  base  are 
needed  to  achieve  this.   Automated  fire  behavior 
prediction  as  part  of  the  southern  California 
FIRESCOPE  system  will  be  described  in  general  terms 
below. 

We  shall  show  the  sensitivity  of  fire  behavior 
predictions  to  some  fuel  and  environmental  inputs 


in  order  to  outline  the  minimal  requirements  ths 
the  automated  data  base  must  meet.  We  shall  re 
strict  attention  to  fuel  communities  typical  of 
Mediterranean  climate  wildlands.  We  shall  desci 
how  the  FIRESCOPE  fire  behavior  data  base  is  de- 
rived and  maintained.  Examples  of  system  perfoi 
mance  will  be  given  and  we  shall  describe  effort 
to  test  the  reliability  of  the  fire  behavior  pre 
dictions  that  are  now  possible. 


FACTORS  AFFECTING  FIRE  BEHAVIOR 

Factors  that  affect  the  behavior  of  a  wildlari 
fire  can  be  classified  broadly  as  either  environ 
mental  or  fuel  properties.   Fuel  properties  can 
be  described  as  intrinsic  (i.e.,  the  physical  pi 
erties  of  the  fuel  matter)  or  extrinsic  (i.e.  , 
the  amount,  arrangement,  and  physical  condition 
the  fuel) .   While  the  model  is  indeed  sensitive 
intrinsic  fuel  properties  and  seasonal  variation 
of  them  is  likely  (Philpot  1969) ,  the  range  over 
which  these  properties  vary  is  small  enough  that 
they  may  be  considered  to  be  constant  for  presen 
purposes.   So  the  principal  variable  factors  af- 
fecting fire  behavior  in  Mediterranean  ecosystem 
wildlands  are  environmental  and  extrinsic  fuel 
properties. 


Extrinsic  Fuel  Properties 

Fuel  quantity  is  described  in  terms  of  dry 
weight  per  unit  plantform  area,  or  fuel  loading. 
For  annual  grasses  and  perennial  shrubs,  fuel 
loading  is  in  approximate  proportion  to  the  heig 
of  the  vegetation  for  any  particular  site.   So 
fuel  loading  may  vary  seasonally  and  with  stand 
age,  but  the  compactness  (or  "packing  ratio") 
of  the  fuelbed  often  may  be  considered  to  be  a 
characteristic  of  the  fuel  species  (or  mix  of 
species)  and  the  number  of  plants  per  unit  area. 
The  relative  behavior  of  wildland  fires  in  such 
fuel  complexes,  as  affected  solely  by  fuel  load- 
ings, is  shown  in  figure  1. 

Rate  of  spread,  reaction  intensity,  and  flame 
length  are  proportional  to  fuel  loading  (for  con 
stant  packing  ratio) ,  while  f ireline  intensity 
varies  quadratically  with  loading,  all  other 
things  being  invariant.   This  sensitivity  is  typ 
cal  of  the  standing  fuel  complexes  with  which  we 
are  concerned  here,  but  is  not  universally  true 
for  wildland  fuels.   Forest  litter  and  harvest  dj 
bris,  for  example,  exhibit  such  strong  dependenc 
of  packing  ratio  upon  loading  that  the  generaliz 
tion  of  figure  1  does  not  apply  to  them.   And  fo 
est  understory  growth,  desert  shrub  stands,  and 
bunch  grasses  lack  the  uniformity  necessary  to 
apply  this  simple  rule  even  approximately. 

The  Mediterranean  climate  exempts  wildland  vei 
tation  from  hailstorms,  snowpack,  and  ice  buildu; 
so  dead  foliage  and  small  stems  may  persist  on 
standing  shrubs  for  many  years  and  dead  grasses  i 
forbs  may  not  lodge  for  several  seasons.  So  the 
relative  abundance  of  live  and  dead  fuel  componei 
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> 

3 
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FRACTION  OF  FINE  FUEL  THAT  IS  LIVE 


ire  1 — The  effect  of  fuel  loading  on  behavior 
:ire  (fuelbed  depth  is  assumed  to  be  propor- 
lal  to  fuel  loading) . 


Figure  3 — The  effect  of  live-dead  proportions  on 
reaction  intensity  of  fire. 


vary  with  stand  age  and  season  (Rothermel  and 
.pot  1973).   Any  given  region  in  a  Mediterranean 
ate  zone  may  include  sites  with  greatly  differ- 
live-dead  fuel  loading  proportions. 

■ensitivity  of  predicted  fire  behavior  to  frac- 
of  fine  fuel  loading  that  is  live  is  shown  in 
ires  2  and  3.   The  hypothetical  fuel  complex 

to  derive  these  curves  consisted  of  particles 
tical  in  every  respect  except  that  the  dead 
icles  were  kept  at  4  percent  moisture  content 
the  live  particles  at  50,  100,  or  150  percent, 
surface/volume  ratio  of  the  particles  was  as- 
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sumed  to  be  2000  ft~^  (66  cm"-').   It  was  further 
assumed  that  the  "moisture  of  extinction"  (Rother- 
mel 1972)  of  the  dead  fuel  was  constant  at  20  per- 
cent.  That  is,  if  the  dead  fuel  moisture  were 
raised  to  20  percent  it  would  not  support  a  spread- 
ing fire.   This  parameter  is  thought  to  be  a  prop- 
erty of  the  fuelbed  as  an  entity,  not  an  intrinsic 
property  of  the  fuel  material. 

Figure  2  shows  that  rate  of  spread  (and  so  fire- 
line  intensity)  decreases  with  increasing  live  fuel 
fraction,  with  a  sharp  decline  at  some  large  live 
fuel  fraction.   The  model  predicts  that,  at  this 
critical  live-dead  loading  ratio,  the  live  fuel  no 
longer  contributes  to  the  release  of  energy  in  the 
fire  front.   This  feature  is  exhibited  much  more 
strikingly  in  figure  3,  which  shows  the  variation 
of  reaction  intensity  with  live  fuel  fraction.   Al- 
though this  transition  point  prediction  is  probably 
the  most  weakly-supported  relationship  in  the  fire 
behavior  model,  it  fortuitously  gives  results  that 
are  in  good  agreement  with  field  experience  in 
southern  California  chaparral.^ 


l"e  2 — The  effect  of  live-dead  proportions  on 
'  of  spread  of  fire. 


^"There  are  several  factors  which  affect  fire  be- 
havior that  can  be  evaluated  prior  to  the  burn  date. 
The  most  important  of  these  is  the  proportion  of 
fuel  that  is  dead....   If  less  than  20  percent  of 
the  brushfield  is  dead  fuel,  burning  efforts  are 
nearly  always  futile.   If  about  one  third  of  the 
fuel  is  dead,  and  other  factors  are  favorable,  we 
should  have  a  good  burn.   If  half  or  more  is  dead, 
conservatism  in  the  use  of  other  burning  variables 
is  necessary,  or  another  Marble  Cone  wildfire  situa- 
tion would  exist."  -  Lisle  R.  Green,  Chaparral  Re- 
search and  Development  Program  (Riverside  Fire  Lab- 
oratory), Chaps  Newsletter,  December  1980,  p.  1. 
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2  4  6  8  10 

MEAN  WINDSPEED  ACTING  ON  FLAME,  M/S 
Figure   4 — The  effect  of  wind  on  rate  of    spread. 

Environmental  Factors 

Wind,  terrain  slope,  and  fuel  moisture  content 
are  the  environmental  variables  that  must  be  spec- 
ified to  the  fire  behavior  model.   Terrain  slope 
must  be  archived  to  a  spatial  resolution  consistent 
with  the  anticipated  use  of  the  model,  but  can  be 
considered  for  present  purposes  to  be  a  site-depen- 
dent constant.   Windspeed ,  wind  direction,  and  fuel 
moisture  are  subject  to  great  temporal  variability. 
These  volatile  and  important  factors  impose  strin- 
gent demands  on  the  process  for  maintenance  of  a 
timely  data  base  for  fire  behavior  prediction. 

Mediterranean  climate  zones  are  prone  to  occa- 
sional winds  of  great  force  during  their  long,  dry 
burning  seasons,  as  well  as  nearly  daily  land  and 
sea  breezes  (McCutchan  1977).   The  great  sensitivity 
to  windspeed  of  spread  rate — and  hence  fireline  in- 
tensity— is  illustrated  in  figure  4.   Rate  of  spread 
increases  by  more  than  2  orders  of  magnitude  as  the 
windspeed  acting  on  the  flame  goes  from  zero  to  10 
m/s.   It  is  apparent  that  a  modest  error  in  wind- 
speed  can  give  rise  to  a  serious  misprediction  of 
fire  behavior. 

To  construct  figure  4,  a  fuelbed  of  particles 


with  surface/volume  ratio  of  2000  ft~^  (66 


') 


was  assumed,  with  an  "optimum"  packing  ratio  that 
maximizes  the  wind-insensitive  reaction  intensity. 
This  is  not  a  "conservative"  assumption,  because 
southern  California  chaparral  fuels  often  exhibit 
packing  ratios  (Rothermel  and  Philpot  1973)  which 
increase  their  windspeed  sensitivity  beyond  that 
displayed  in  figure  4.   For  a  packing  ratio  equal 
to  half  the  "optimum"  value,  the  spread  rate  ratio 
of  figure  4  would  increase  by  about  30  percent. 


10 


0.8 


0.6 


0.4 


0.2 


FUEL  IS  507o  LIVE, 50%  DEAD 


x* 


LIVE  FUEL  MOISTURE    'ISO        ilOO      \50  PERCENT 
\  I 

v.  V 


_L 


_L 


11 

0.2  0.4  0.6  0.8  LO     |it 

RELATIVE  DEAD  FUEL  MOISTURE  CONTENT 


Figure  5 — The  effect  of  fuel  moisture  content  a|'> 
rate  of  spread  and  fire  intensity. 


The  long,  dry  summer  season  of  Mediterranear 
climates  favors  drought-resistant  shrub  species 
that  exhibit  live  foliar  moisture  contents  in 
neighborhood  of  50  percent  toward  the  end  of  tli 
dry  season.   But  the  flush  of  new  foliar  growtt 
early  spring  can  raise  the  mean  live  foliar  moj- 
ture  to  150  percent  or  more.   This  is  in  stark'"* 
trast  to  the  relatively  slight  seasonal  variat:ii 
of  live  foliar  moisture  common  to  understory  v('( 
tation  of  more  moist  temperate  climates  (Hough 
Albini  1978)  and  conifer  foliage  in  even  cold 
mates  (Philpot  and  Mutch  1971;  Van  Wagner  1977| 
In  addition  to  this  seasonal  variation  expectej: 
live  fuel  moisture,  fine  dead  fuel  can  exhibit 
large  and  rapid  changes  in  moisture  content,  i. 
response  to  the  wide  swings  in  humidity  that  c  :u' 
(usually  twice  daily)  in  coastal  areas. 

Sensitivity  of  spread  rate  and  reaction  inti- 
sity  to  fuel  moisture  are  nearly  identical,  as 
shown  in  figure  5  for  a  hypothetical  fuelbed  nie 
up  of  equal  parts  live  and  dead  particles  of  ^3Q 
ft~^  (66  cm"-')  surface/volume  ratio.  Dead  fue  m 
ture  content  is  represented  in  figure  5  by  itsya 
relative  to  the  "moisture  of  extinction"  mentiM 
earlier.  The  precipitous  drop  in  intensity  cor^ 
ponds,  as  before,  to  the  loss  of  a  heat  releas 
contribution  by  the  live  fuel  components. 

The  factors  discussed  above  represent  the  ist 
important  data  variables  that  must  be  maintaii 
prompt  prediction  of  fire  behavior  is  to  be  al 
ted  for  fuel  communities  typical  of  Mediterraj 
climate  wildlands.   Each  factor  imposes  a  dif 
spatial  and  temporal  resolution  requirement  o 
data  gathering  and  maintenance  elements  of  th 
SCOPE  system,  as  it  must  on  any  similar  syste 


THE  FIRESCOPE  SYSTEM 

Ultimately,  the  FIRESCOPE  predictive  fire  'M 
vior  modeling  system  will  incorporate  3  level  "' 
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phistication.   The  simplest  model  is  called  south- 
n  California  FIREMOD  and  is  used  by  dispatchers 
d  fire  managers  to  predict  first-hour,  free-burn- 
g  fire  behavior  characteristics  (i.e.,  rate  of 
read,  fireline  intensity,  and  potential  size  in 
res)  based  upon  inputs  such  as  fuel  type  (mixed 
lush,  chamise,  or  grass),  fuel  age,  fine  fuel 
listure,  slope,  and  windspeed.   A  second  level  of 
Ippression-oriented  operational  modeling  couples 
ire  behavior  characteristics  with  fire  suppression 
I  formation  and  results  in  a  "probability  of  suc- 
jssful  containment  and  control"  prediction  given 
designated  suppression  resource  dispatch  to  a 
re  site.   Each  of  these  two  levels  assume  ellip- 
cal  fire  shapes  to  provide  estimates  of  area 
med  within  specific  time  intervals.   The  most 
phisticated  level  of  modeling  is  for  large  "cam- 
ign"  fires  and  will  provide  expected  fire  peri- 
jter  locations  over  a  long  fire  period,  taking  in- 
account  suppression  actions  and  using  informa- 
DH  such  as  airborne  infrared  data  to  update  or 
initialize  the  computation  process. 

In  the  ultimate  system,  these  models  will  oper- 

from  a  common  computerized  data  base  having 
rrain  and  fuel  characteristics  (age  and  type) 
)red  and  retrievable  through  an  appropriate  coor- 
late  system.   Inputs  with  seasonal  and/or  diurnal 
riations  would  be  calculated  as  needed,  using  in- 
nnation  supplied  from  a  remote  automated  weather 
ition  network.   Completion  of  the  ultimate  FIRE- 
)PE  system  is  not  expected  for  several  years 
ice  considerable  effort  is  still  required  to  es- 
)lish  the  data  bases,  integrate  the  models,  and 
,iluate  the  system  operationally. 


)totype  Evaluation 


During  the  past  several  fire  seasons,  prototype 
lels  of  the  first  2  levels  were  made  available 

evaluated  in  southern  California.   Evaluation 

the  prototypes  included  examination  of  the  in- 

-output  data  formats,  assessment  of  data  require- 

"'■.ts,  and  estimates  of  the  utility  of  the  predic- 

'Hs.   The  prototype  structure,  though  limited  in 

■'elity,  provided  some  indication  of  the  problems 

ch  would  require  solution  prior  to  implementa- 
II' n  of  the  final  operational  system.   Unfortu- 
^ely,  field  evaluation  of  the  prototypes  was  not 
•'simple  or  clean  as  imagined  earlier  by  the  sys- 
'  developers. 
Mi 
[Field  use  of  FIREMOD  began  with  establishment  of 
Operations  Coordination  Center  (OCC)  in  River- 
\e,   Calif.,  for  use  by  southern  California  fire 
'^ncies  involved  in  the  FIRESCOPE  program.   When 
ire  would  occur  within  the  jurisdiction  of  a 
en  agency,  the  dispatch  office  of  that  agency 
Id  call  in  the  necessary  input  information  to 
OCC  which  in  turn  would  access  the  computer 
calculate  a  fire  behavior  prediction  for  the 
uesting  agency.   Followup  was  limited  to  subse- 
*it  discussions  between  the  OCC  and  the  fire 
jicies  that  commented  on  the  utility  of  the  pre- 
|,ted  fire  behavior  information  in  relation  to 
ft  actually  occurred  in  the  field.   With  the  ini- 
prototype  FIREMOD,  discussions  with  the  field 
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indicated  that  the  predicted  fire  behavior  was  ac- 
curate enough  to  be  useful  about  50  percent  of  the 
time. 

A  more  controlled  evaluation  was  conducted  with 
the  midlevel  system.   An  experimental  model,  called 
the  Experimental  Initial  Attack  Evaluation  Program, 
was  developed  by  the  Mission  Research  Corporation 
(Sanderlin  and  Sunderson  1976),  and  modified  into 
a  midlevel  prototype  by  the  USDA  Forest  Service. 
This  was  later  renamed  the  Initial  Attack  Assess- 
ment (lAA)  Program.   During  the  1978  fire  season 
the  San  Bernardino  National  Forest,  USDA  Forest 
Service,  and  the  San  Bernardino  Ranger  Unit,  State 
of  California,  Department  of  Forestry,  participated 
with  the  FIRESCOPE  Program  Office,  Riverside,  Calif., 
in  an  operational  evaluation  of  the  lAA.   The  pro- 
cedure involved  identifying  fuel  type,  fuel  age, 
and  slope  from  maps  available  in  the  agency  dis- 
patch office  using  coordinates  or  landmark  identi- 
fication from  the  person  reporting  the  incident  to 
locate  the  fire  site.   Weather  data,  including 
windspeed,  wind  direction,  temperature,  and  rela- 
tive humidity,  was  that  available  from  the  weather 
station  closest  to  the  incident.   These  input  data 
were  available  to  the  dispatcher,  with  verification 
of  the  fuel  and  slope  characteristics  possible  only 
after  arrival  of  the  first  firefighting  resources. 


Evaluation  Results 


Results  from  the  early  operational  evaluation 
of  the  prototype  models  was  disappointing  because 
of  many  major  differences  between  the  predicted 
fire  behavior  and  that  observed  at  the  fire  site. 
A  consistent  and  disturbing  occurrence  was  the  great 
difference  in  fire  behavior  predicted  by  FIREMOD 
and  lAA.   At  this  juncture,  it  appeared  that  a 
thorough  reassessment  of  the  prototype  models,  and 
how  they  were  being  used,  was  needed.   Initial  ef- 
fort involved  an  orderly  debugging  of  the  computer 
programs  followed  by  many  runs  of  each  model  using 
"made-up"  fire  data  to  isolate  inconsistencies  and 
differences  in  the  logic  of  the  prototype  models. 
After  completion  of  these  steps,  some  minor  differ- 
ences in  output  values  remained  because  the  formats 
of  input  field-level  data  and  later  conversions  to 
common  internal  parameters  varied  between  the  models. 

The  simpler  of  the  models,  FIREMOD,  was  conver- 
ted to  account  for  the  fact  that  in  Mediterranean- 
type  ecosystems  under  10  years  of  age,  the  fuel 
usually  consists  of  a  grass/brush  mixture  (Rother- 
mel  and  Philpot  1973).   A  simplifying  assumption 
was  made  that  for  mixed  fuel  up  to  2  years  of  age, 
a  grass  model  would  be  used.   For  fuel  ages  from 
3  to  10  years,  linear  combinations  of  the  rates 
of  spread,  intensities,  and  flame  lengths  computed 
via  the  2  different  fuel  models  are  used  to  repre- 
sent the  grass/brush  mixture. 

After  adjustment  of  FIREMOD,  fire  incident  data 
were  rerun  and  comparisons  of  the  model  output  with 
behavior  values  reported  from  the  fires  are  shown 
in  table  1.   Reasons  for  the  variations  in  most 
cases  were  traced  to    (a)  lack  of  knowledge  of  the 
actual  fuel  carrying  the  fire  (i.e.,  in  some  cases, 
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Table  1 — Some  comparisons  of  acres  burned  predic- 
tions vs.  actual  fire  size. 


Fire 

Actual 

Predicted 

date 

size 

size-' 

Fire 

data 

(1978) 

(acres) 

(acres) 

(1  acre 

=0.4  Ha) 

Fuel: 

brush 

9/21 

2 

4 

Slope: 

0-5  pet. 

9/27 

12 

7 

Age: 

5-10  yr. 

10/1 

1 

1 

10/13 

7 

30 

Fuel: 

brush 

9/23 

220 

100 

Slope: 

10-30  pet. 

10/3 

3 

3 

Age: 

5-10  yr. 

10/11 

10 

33 

10/12 

90 

400 

10/22 

5 

150 

Fuel: 

grass 

8/14 

1 

1 

Slope: 

0-5  pet. 

8/22 

1 

4 

Age: 

annual 

8/23 

4 

32 

9/14 

12 

3 

9/28 

5 

1 

10/3 

4 

7.5 

10/24 

2 

2 

^Calculated  at  time  of  control.   Assumes  a  free- 
burning  fire  until  time  of  control. 


the  fuel  was  identified  as  brush,  but  later  discus- 
sions revealed  the  actual  fire  was  carried  by  grass 
understory) ;  (b)  weather  data  were  taken  from  sta- 
tions distant  from  the  fire  area;  and  (c)  topogra- 
phical variations  (e.g.,  the  general  area  has  a  30 
to  40  percent  slope  while  the  actual  fire  was  burn- 
ing in  a  rather  small  local  flat  area),  etc., 
(d)  suppression  actions  not  modeled;  (e)  natural 
barriers  inhibiting  fire  growth. 

It  became  obvious  that  further  evaluation  to  es- 
tablish the  accuracy  of  the  models  through  field 
evaluation  would  require  more  detailed  knowledge  of 
the  actual  fire  conditions  than  was  normally  avail- 
able in  the  dispatch  offices  of  the  evaluating  units, 
Our  evaluation  of  lAA  is  being  delayed  until  a  more 
sophisticated  data  base  and  weather  station  report- 
ing network  is  available.   In  the  interim,  the  up- 
dated FIREMOD  was  used  to  assess  fire  potential  in 
southern  California  during  the  1980  fire  season. 
Although  written  records  of  success  ratio  or  accur- 
acy were  not  kept,  comments  from  users  indicated 
that  with  accurate  inputs  (such  as  those  trans- 
mitted to  the  OCC  when  first-ln  firefighting  re- 
sources reached  the  fire)  the  model  provided  a 
reasonable  assessment  of  fire  potential  70  to  80 
percent  of  the  time. 


Model  Integrity  vs.  Input  Data  Accuracy 

Attempts  to  evaluate  the  theoretical  fire  beha- 
vior models  described  above  through  operational  or 
field-level  experiment  resulted  in  unclear  defini- 
tions of  the  reasons  for  output  inconsistencies. 
It  Is  impossible,  for  the  most  part,  to  isolate 


the  cause  of  output  variations  to  either  the  ace >j 
acy  or  resolution  of  the  input  data,  applicablllrl 
of  the  model  to  the  real  world,  or  (In  some  case 
to  errors  which  may  have  crept  into  the  program 
during  the  implementation  process.   Even  in  the 
simplest  model,  FIREMOD,  complex  relationships  b 
tween  Input  data  readily  available  to  field  per-l 
sonnel  and  Internal  model  parameters  exist  (tablf  ■' 
2)  .   This  makes  it  extremely  difficult  to  evalua^i 
which  input  variable  is  suspect  when  deviations 
are  noted  between  predicted  and  actual  fire  beha 
vior  characteristics.   Further  "fine  tuning"  of 
models  used  in  the  FIRESCOPE  system  would  requlr 
a  controlled  evaluation  program  using  trained  ob: 
servers  at  actual  fires  throughout  the  fire  seasi 
Also  needed  Is  a  validated,  computerized  fuels  de- 
base coupled  to  a  weather  reporting  network  thatf 
would  provide  on-site  wlndspeed  and  fuel  molsturl 
(or  temperature,  relative  humidity,  and  previous 
rainfall)  to  a  higher  degree  of  resolution  than  j 
currently  available.   The  minimum  resolution  ne€= 
is  presently  unknown. 


CONCLUSIONS 


The  input  demands  of  the  fire  behavior  model 


lor 


used  in  the  FIRESCOPE  system  impose  3  time  scal«  '" 
for  data  maintenance:  B'P' 

1.  Stand  age  must  be  maintained  for  each 
shrub  field  site  in  the  domain  of  the  system  in 
order  to  infer  fuel  quantity  from  growth  models 
Stand  composition,  condition,  and  other  site- 
specific  factors  must  also  be  verified  periodi- 
cally. 

2.  Seasonal  trends  must  be  tracked  and  per- 
haps deviations  from  a  long-term  norm  should  be 
accommodated. 


lai 
M 
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Table  2 — Inference  of  fire  behavior  input  var- 
iables for  southern  California  FIREMOD  predic- 
tion program. 


Ill 
111 


tR 


Input  variable 


Fuel  loading 


Live/dead  ratio 

Fine  dead  fuel 
moisture 
content 


Live  fuel  mois- 
ture content 

Wlndspeed 
Terrain  slope 


How  variable  is  determined 


Fuel  type  and  stand  age,  keyei 
to  map.   (Height  of  stand  is 
age-dependent  also.) 

Inferred  from  stand  age. 

Entered  by  operator  (usually  i 
sumed  to  be  fixed  by  current 
data  from  the  nearest  weather 
station) . 


Calendar  date  used  in  standar( 
seasonal  profile. 

Nearest  weather  station  last 
available  reading. 

Keyed  to  map  location  of  fire 
read  from  topographic  relief 

map. 


4( 

k 
k 
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I   3.   Temperature  and  humidity  (which  determine 
|lead  fuel  moisture)  and  windspeed  and  direction 
iiust  be  updated  at  least  frequently  enough  to 
iiccommodate  diurnal  variation,  and  more  frequent- 
.y  when  significant  changes  are  anticipated. 

I   The  spatial  resolution  required  of  the  data 
)ase  depends  upon  the  uniformity  of  fuel  type, 
litand  age,  and  condition,  the  amount  and  regu- 
l.arity  of  terrain  relief,  and  the  operational 
leeds  which  the  fire  behavior  model  output  is 
ijxpected  to  fill, 

i 
1 
t   Testing  the  reliability  or  accuracy  of  fire 

)ehavior  predictions  is  subject  to  great  uncer- 

,;ainty,  not  the  least  of  which  is  that  associa- 

jied  with  validating  the  data  base  and  the  infer- 

;nces  drawn  therefrom.   Specifically,  our  opera- 

;ional  experience  in  southern  California  indi- 

:;ates  that : 

1.  Accurate  assessment  of  the  southern  Cali- 
fornia fire  behavior  models  will  require  control- 
Led  on-site  evaluation  by  trained  observers 
iuring  actual  fires. 

2.  Actual  operational  use  of  the  fire  beha- 
vior models  must  await  completion  of  an  accurate 
i3tored  computerized  data  base  accessible  to  the 
iispatcher  through  input  of  fire  location  coor- 
dinates. 

Weather  information  will  require  considerable 
Improvement  in  resolution  through  use  of  a  sophis- 
;icated  weather  station  network  and  computerized 
*ind  models  to  interpolate  conditions  to  fire 
site  locations. 
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Research  and  Development  for  Improved  Fire 
Prevention  and  Suppression  in  Rural  Victoria^ 


James  R.  Barber 


This  paper  gives  a  broad  brush  presentation  of 

the  rural  fire  problem  in  Victoria,  Australia,  and 

some  research  and  development  being  undertaken  to 
reduce  it. 

Victoria  (fig.  1) ,  is  the  second  most  compact 
of  the  Australian  States  (22.8  mha— 2.94  percent 
of  the  total)  with  a  relatively  high  population 
(3,645,276 — 26.8  percent  of  the  total).   Its  annual 
grassland  fire  danger  period  commences  in  December 
and  extends  through  to  April,  although  early  rains 
of  the  Autumn  "break"  may  decrease  this  period. 
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Figure  1 — Australian  States  and  Territories 

The  significance  of  wildfires  in  Victoria  is 
established  by  the  factual  data  of  its  fire  history 
— the  frequency  and  magnitude  of  fires,  human 
fatalities,  stock  and  property  losses  in  a  recur- 
ring sequence  annually  and  in  major  proportions 
periodically.   Some  major  fire  occurrences: 
1939  January.   Most  disastrous  bushfires  ever 
swept  over  three-quarters  of  the  State.   Deaths  71. 
Hundreds  of  homes,  many  towns,  devastated. 
1944  January  14.   Three  large  fires  in  Western 
District  joined  after  the  south  west  change, 
440,000  ha  burnt.   Damage  $3m  (1944).   Heavy  loss 
of  life — 15  people  died  within  25  km  of  one  rural 
settlement  (Foley  1947) . 

1969  January  8.   A  day  of  severe  meteorological 
conditions  though  tempered  by  grasslands  not  being 


Presented  at  the  Sympositmi  on  Dynamics  and 
Management  of  Mediterranean — type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

^Assistant  Chief  Officer, 
Country  Fire  Authority,  Victoria,  Australia. 
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Abstract:  Victoria's  wildfire  problem  results 
from  a  combination  of  extreme  fire  weather,  highly 
flammable  vegetation  and  people--on  farms,  in 
towns  and  around  cities  which  often  abut  bushland 
or  forest.   The  CFA  administers  an  extensive  vol- 
unteer fire  service  and  supervises  fire  preventioi 
activity  in  the  community.   It  conducts  applied   ; 
research  for  improved  fire  prevention  and  developsj 
vehicular  design,  communication  and  training  to 
improve  suppression  capability. 
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fully  cured  in  many  areas.   17  holiday  makers  los1 
their  lives  on  one  highway,  total  deaths  21. 
1977  February  12.   11  large  fires,  majority  in 
Western  District.   5  lives  lost.   Other  losses 
table  1 — from  CFA  Records. 


Table  1 — Summary  of  Losses  in  Eleven  Major  Fires 
February  12,  1977. 


Fire 
No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Total 


Area 

Burnt 

(ha) 


Capital  Assets  Destroyed 


Sheep 


Cattle 


Bales 

Hay 

(000) 


Houses 


Other 
Bldgs 


Fen< 
-in( 
(km; 


1100 
7  300 

19410 
3500 

22400 
4500 

35300 
1200 
1600 
2600 
1700 


200 
11000 
42200 

1700 
60000 

3400 


2 

104 

1291 

113 

748 

25 


72500   1067 
200     15 


2000 

1600 

40 


13 

60 

301 

1.4 
356 

11.1 

417 

14.7 

21.8 

3 

0.3 


1 

0 

13 

5 

38 

12 

19 

3 

O 

1 

1 


6 

13 

159 

3 
100+ 

22 
n.  a. 
n.  a. 
n.  a. 

3 

4 


arte 


^1 
22: 

10, 

98] 

18J 

143^ 

6J 

6i 

5( 

4: 


,ri 


100610  194840   3365   1199 


93 


310+   414: 


Estimated  unit 

value  ($000)    .012   .075   .001  ''■30.3    ^10.0  1.2 

Total  value  ($m)  2.34  0.25   1.20   2.79    3.10  5.U 


ISt( 


Total  estimated  damage — $14.86  million 


-'■includes  some  allowance  for  contents 
^includes  some  allowance  for  farm  machinery 


There  are,  however,  many  intangibles  which  musi  ™ 
be  considered  in  assessing  total  losses  in  rural 
fires,  e.g.,  damage  to  pastures,  disruption  to 
breeding  lines,  loss  of  breeding  potential  in  she^'^ 
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FREQUENCY  and  DISTRIBUTION  of  fires  are  signifjf''^ 
cant  particularly  in  suppression  strategy.   Daily 
fire  occurrences  reported  to  the  CFA  during  an 
average  annual  fire  danger  period  are  illustrated 
in  figure  2.   On  January  8,  1969,  CFA  recorded  25 
fires  across  the  State  whilst  on  February  12,  197 
60  fires  (11  of  major  proportions)  occurred.   MuL 
tiple  fire  occurrences  strain  resources  and  lines 
of  communication  and  may  require  massive  deploymer 
of  fire  vehicles  and  volunteer  crews. 


Causes  of  wildfires  are  numerous.   A  major  caus 
is  associated  with  the  use  of  fire — burning  off 
excess  vegetation  and  rubbish  and  the  fire  escapes 
(25-30  percent  of  total  rural  fires) .   Children 
with  matches  and  overhead  power  lines  clashing  on 
days  of  high  winds  are  also  major  contributors. 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Range 
Expenment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982.  ^ 
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Figure  3 — Synoptic  Situation,  Noon,  December  22, 
1980.  High  fire  danger  in  Victoria.  Hot  north- 
erly airstream  over  the  State — wind  NW,  25  km/h, 
40  km/h.  Highest  Temperature  42°C;  other  places 
40°C,  41°C.  R.H.  10—13  per  cent.  Cold  front 
entering  Western  Victoria — wind  SW  25km/h,  Gusts 
50  km/h. 


gure  2 — Number  of  fires  reported  to  CFA  Head- 
larters  during  months  of  high  fire  danger  1979-8Q 

kCTORS  CONTRIBUTING  TO  THE  FIRE  PROBLEM 

Wind  is  generally  the  most  important  daily 

jather  element  governing  the  outbreak  and  spread 
fires  in  Victoria.   In  the  fire  danger  period 

.th  grassland  vegetation  fully  cured,  high  temper- 
'zures  (30°-40°G)and  low  humidities  (20-10  percent) 
':rong  winds  from  most  directions  will  result  in  a 

.gh  incidence  of  fires  with  rapid  rates  of  spread. 

.me  since  last  good  rain  is  a  further  factor. 
;:rong  dry  gusty  north  to  north  west  winds  are  the 
DSt  dangerous.   These  winds,  associated  with  the 

:st  to  east  passage  of  anticyclones  south  of 
atitude  20°  followed  by  troughs  of  depression, 

■e  extremely  hot  and  dry,  bringing  in  air  from  the 

•y  interior  of  the  continent.   Foley  (1947). 

As  the  cold  front  passes  across  the  State  the 
jrth  winds  back  west  to  south  west,  creating 
arbulent  conditions  and  causing  breakaways  from 
ie   eastern  flanks  of  going  fires.   Cooler  and 
3re  humid  conditions,  frequently  with  showers, 
Dllow  and  decrease  the  fire  danger.   Normally  such 
<treme  fire  danger  lasts  less  than  48  hours. 
3wever,  a  stationary  anti-cyclone  or  "blocking 
igh"  may  be  located  over  the  New  South  Wales  coast 
ausing  fire  weather  in  Victoria  to  persist  for 
veral  days. 

When  extreme  conditions  are  forecast  the  CFA 
jaief  Officer,  after  consultation  with  the  Forests 
Drnmission^may  declare  a  total  fire  ban.   Such 

iclarations  prohibit  the  lighting  of  any  fire 
fiatsoever  for  the  period  of  the  ban.   Figure 

represents  a  total  fire  ban  situation. 

The  mediterranean-type  climate  in  southern 
ustralia  favours  grassland  vegetation  having  an 
nnual  life  cycle  as  shown  by  Parrott  (1964, 
ig.  4. 
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Figure  4 — A  generalised  diagram  of  the  life  cycle 
of  an  annual  sward  at  Adelaide  S.A. — Parrott  (1964). 

Native  grasses  and  pasture  association  of  rye- 
grasses (Lolium  spp)  and  clovers  (Trifolium  spp) 
are  dominant  in  the  improved  pastures  covering  most 
pastoral  areas,  whilst  Phalaris  tuberosa  also  grows 
strongly.   In  non-irrigated  areas  average  height 
(ungrazed)   of  ryegrass  may  be  40 — 44  cm,  whilst 
clovers  may  reach  12 — 14  cm,  with  a  representative 
average  pasture  density  of  14.0  tonnes/ha  (field 
weight) .   Grazed  pasture  would  be  less,  depending 
on  stocking  rate.   In  most  northern  and  some  south- 
ern areas  in  Victoria, cereal  crops  are  also  grown, 
viz.,  wheat,  oats,  barley. 

The  decreasing  moisture  content  of  pastures  and 
cereals  during  senescence  (curing)  is  a  significant 
factor  in  an  approaching  fire  danger  period  as  is 
fuel  quantity  with  its  influence  on  fire  intensity. 
Luke  and  McArthur  (1978). 

In  Victoria  the  relative  intensity  of  farming 
practices,  the  population  expansion  in  the  outer 
urban/rural  interface,  proliferation  of  2-,  4- and 
20-ha  hobby  farms  and  recreational  activity  create 
a  high  fire  loss  potential  whilst  the  more  closely 
settled  areas  experience  increasing  fire 
occurrences. 
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COUNTRY  FIRE  AUTHORITY  ORGANISATION 

The  devastating  fires  of  1939  and  1944  caused 
significant  changes  in  the  attitudes  of  people  and 
government  to  fire  in  Victoria.   The  CFA  was  es- 
tablished by  Act  of  Parliament  in  1944  based  on 
recommendations  from  a  Royal  Commission,  Stretton 
(1939) .   Since  its  inception  the  CFA  has  embodied 
research  and  development  in  fire  prevention  and 
suppression  in  the  rural  sector  of  Victoria. 

An  operational  chain  of  command  from  individual 
rural  and  urban  fire  brigades  to  the  Chief  Officer, 
together  with  appropriate  administrative  sections, 
was  established  (fig.  5)  .   Vol\inteer  officers  are 
in  charge  of  most  brigades  and  all  groups,  whilst 
permanent  officers  are  in  charge  of  regions  and 
zones.   21  urban  brigades  are  staffed  by  permanent 
officers  (including  12  also  with  permanent  firemen) 
to  support  the  volunteers  in  large  urban/industrial 
centres.   Current  strength: 

215  urban  brigades —   6241  registered  volunteers 
1067  rural  brigades — 100820  registered  volunteers 
with  319  permanent  operational  personnel,  169  in 
various  services  and  60  in  administration. 
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Figure  5 — CFA  Organisation 

The  CFA  has  established  operational  principles 
as  guidelines  for  carrying  out  the  AIM  of  the 
Authority,  viz.,  the  PREVENTION  AND  SUPPRESSION  OF 
FIRES,  with  maximum  efficiency.   These  are 

MAINTENANCE  OF  THE  AIM— a  continuing  function; 
FORESIGHT — preplan  for  operations  and  support 
SPEED — react  to  fires  and  give  support  with 
greatest  possible  speed  (with  safety) 
FLEXIBILITY —  ability  to  react  to  new  or  unfore- 
seen situations,  requires  holding  a  reserve; 
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SECURITY — for  firemen,  equipment  and  fire  area; 
ADMINISTRATION — backup  support  for  operations; 
MORALE — motivate  brigades  to  increase  efficiency ;Bjve 
MOBILITY--groups  of  radio  equipped  vehicles  mov- 
ing and  deployed  as  a  controlled  force; 
CONCENTRATION — have  the  right  force  at  the  right 
place  and  time — never  "too  little  too  late"; 
ECONOMY — use  forces  necessary  for  the  operation 
but  over  ensure  rather  than  under  ensure; 
CO-OPERATION — an  automatic  reflex  for  fire  servic 
COMMUNICATION  — the  flow  of  information — leaders 
require  information  for  decision  making. 


The  application  of  these  principles  is  an 
essential  feature  of  command  in  any  successful 
fire  fight  and  officers  should  learn  to  think  in 
these  terms. 


RESEARCH  IN  FIRE  PREVENTION 

The  philosophy  of  the  CFA  toward  research  is 

it  is  an  important  component  of  the  Authority' 
duty  under  the  Country  Fire  Authority  Act  1958; 

rural  research  should  be  a  primary  objective; 

applied  research  should  be  carried  out  for 
direct  benefit  to  the  volunteer  firefighter,  the 
fire  prevention  planner  and  the  general  public. 

Joint  research  arrangements  with  "outside" 
bodies  avoids  duplication  of  effort  and  combines 
expertise  and  facilities  for  mutual  benefit. 

The  dissemination  of  research  findings  is  an 
important  function  of  the  Research  Unit.   Trainii 
notes  and  articles  are  prepared  for  in-service  u 
or  incorporated  in  the  Authority's  fire  preventic! 
literature.   Research  papers  are  published. 

Research  Projects 


t 


i 


(1)   Fire  Behavioural  Studies:  e.g.. 
Central  Victoria,  December  26,  1980. 


Maldon  Fiji 


Cause — heated  bearing  from  harvesting  machine. 
Fuel — wheat  crop,  native  grasses,  clover  (Trifol; 


\ 


spp) ,  ryegrass  (Lolium  spp) ,  pasture,  light 
eucalypt  woodland.   Undulating  topography  with 
some  steep  hills  and  rock  outcrops.   Area  dissed 
by  creeks  and  eroded  gullies  made  access  difficu; 
Fire  Behaviour — rapid  fire  spread  up  to  15  km/hr 
One  spot  fire  occurred  ahead  of  main  fire.   Sudd* 
westerly  wind  change  without  customary  lull  caus« 
breakaways  on  eastern  flank  when  gale  force  wind; 
spread  fire  in  long  fingers  from  the  main  perimei, 
Township  endangered.   Rapid  deployment  of  a  large 
number  of  firefighting  vehicles — 105  CFA  and  man; 
private  units — provided  concentrated  attack. 
Weather — 30-40  km/hr  winds  from  N-NW  experienced 
during  early  stages  of  the  fire,  then  wind  change 
SW-S,  T  40°,  RH  16  percent. 


Lessons  learnt/confirmed — anticipating  wind 
change  and  moving  equipment  to  meet  threat  on 
eastern  flank  important.   Green  firebreaks  on 
northern  rural  interface  protects  houses.   Width  I 
of  perimeter  to  be  secured  was  considerably 


V. 


ater  than  that  necessary  for  normal  wind 
ditions.   Burning  trees  near  fire  edge  should 
eive  particular  attention. 
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ure  6 — The  Maldon  Vic.  Fire  December  12,  1981 

(ii)  Grassland  Curing  Project — effective  pro- 
inures  for  obtaining  field  data  to  monitor  the 
reaching  fire  danger  period  and  to  aid  fire 
avioural  studies  have  been  determined.   Barber 
Pratt  (1980) .   The  programme  requires  repetit- 
field  sampling  (18 — 21  days  or  less  if  poss- 
a) ,  Statewide,  October  to  February  and  laborat- 
measurements  of  fuel  moisture  content  (FMC) , 
1  moisture  content  (SMC)  and  fuel  quantity 
anes/ha) .   Both  FMC  and  SMC  are  plotted  (as 
:;entage  of  oven  dry  weight)  against  time. 
4g.  7). 
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LOCATION  -  Donald 


(A)  GRASS  MOISTURE  CONTENT 


SOIL  ^JlS'bSE 


:ntent 


DEC  79 


JAN 


FEB 


MAR  30 


APR 


MAY 


ire  7 — Variation  in  FMC  &  SMC,  Donald,  Vic. 
1979/80  (Two  locations). 


(iii)  Remote  Sensing  in  Fire  Prevention--the 
application  of  Landsat  multi- temporal ,  multi-spa- 
tial technology  to  monitor  vegetation  as  a  possible 
alternative  to  the  previously  described  labour  in- 
tensive and  time  consuming  procedure  is  being  stu- 
died.  The  project  is  part  joint  research  by  CFA, 
Monash  University  and  IBM  (Australia)  Limited  using 
the  ERMAN  II  package.   Other  digital  and  analogue 
analysis  methods  will  be  studied  to  ascertain  the 
most  practical  within  constraints  of  economy  and 
time.   Classification  character  maps  of  training 
fields  are  studied  in  conjunction  with  ground 
data  and  aerial  photography  (vertical  [70  mm]  and 
oblique  [35  mm])  at  the  time  of  each  acquisition 
to  test  classifier  accuracy.   Regard  is  paid  to 
vegetation  strata;  species  dominance;  plant  height, 
density  and  moisture  content;  soil  moisture  and 
reflectance  measurements  in  the  simulated  MSS 
bands  4 — 7.   The  relationships  of  total  biomass  and 
plant  moisture  content  to  reflectance  in  visible 
and  near  IR  wavelengths  are  currently  being 
studied. 

(iv)  Fire  Hazard  Mapping — described  by  Morris 
and  Barber  (1980) .   The  method  is  applicable  in 
municipalities  planning  new  residential  or  other 
development  and  involves  preparation  of  a  medium 
scale  map  (1:50,000),  a  detailed  report  and  area 
specific  recommendations  on  future  land  use. 
Areas  of  high  fire  hazard  are  where  fires  are  most 
likely  to  occur  and  where  such  fires  would  create 
danger  for  both  residents  and  firefighters. 

The  potential  fire  hazard  may  be  assessed  by 
rating  the  following  ten  criteria  (with  built  in 
weighting  factor)  from  1  to  5,  for  increasing 
hazard,  when  applied  to  each  discrete  homogeneous 
area  in  the  municipality: 


1  FREQUENCY  OF  FIRE  SEASON   7 

2  LENGTH  OF  FIRE  SEASON      8 

3  SLOPE — ASPECT 

4  SLOPE — STEEPNESS  9 

5  VEGETATION — GROUND  COVER  10 

6  VEGETATION — AVERAGE 
ANNUAL  DRIEST  STATE 


FIRE  HISTORY 
AMOUNT  OF  EXISTING 
DEVELOPMENT/USE 
EGRESS  FROM  AREA 
FIRE  SERVICES 
AVAILABLE 


The  ten  hazard  scores  are  added  to  give  a  total 

fire  hazard  rating  which  then  determines  the 

hazard  category  for  each  area.   The  map  is  marked 
up  accordingly. 

Recommendations  and  guidelines  relating  to  land 
use  and  development  control  for  the  protection  of 
life  and  property  are  included  in  the  report,  e.g., 

(a)  Applications  for  subdivision  and  development 

in  very  high  hazard  areas  should  be  discouraged  and 
in  some  cases  prohibited.   Where  development  is 
pemnitted  it  should  be  preceded  by  a  comprehensive 
fire  protection  plan  incorporating  strategic  fire 
breaks  and  buffer  zones,  fire  access  tracks  and 
water  supplies,  property  layout  and  building  design. 

(b)  Any  development  which  is  likely  to  involve 
large  numbers  of  people  (e.g.,  school  camps) , 
should  not  be  permitted  in  areas  of  very  high  and 
high  hazard.   Special  care  should  be  taken  in 
locating  such  development. 
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(V)  Design  and  Siting  Guidelines— describes 
"built  in"  fire  protection  for  rural  properties, 
large  and  small   (Morris  and  Barber   1980) .   Such 
fire  protection  measures  should  be  incorporated 
in  new  developments  and  progressively  in  mod- 
ification of  existing  properties  (fig.  8). 


FRZ  FUEL  REDUCTION  ZONE. 

T  TAP 

0  PROVIDE  GOOD  ACESS  to  WATER  SUPPLIES 

(l)  USE  A  HEDGE, STONE  or  METAL  FENCE  as  a 

RADIATION  SHIELD 

Ci)  ENSURE  THAT  HOUSE  &  SHEDS  are  SPACED  h 

^^  MINIMISE  \'IND  TUNNEL  &  TURBULENCE 

0  LOCATE  SHEDS  h)  EAST  &  S lUTH, 

(S)  ROAD,  FIRE3REAKS,  WINDBREAKS  all  HELP 

to  INCREASE  PROTECTION 

Cb)  LOCATE  PETROL  &  HAY  to  SOUTH  or  EAST  of 

"^  HOUSE  &  SEPERATE  FROM  EACH  OTHER 

(w)  WATER  TANK 


Figure  8--Layout  of  well-protected  property. 

The  location  and  siting  of  dwellings  should  have 
regard  to  the  direction  of  prevailing  fire  danger 
weather,  slope  and  aspect,  proximity  to  bushland, 
the  manner  of  setting  the  house  on  a  slope,  static 
water  supplies  and  fire  access  tracks.   Existing 
features,  e.g.,  roads  and  streams,  are  ready-made 
fire  breaks  and  should  be  used  to  advantage. 

(vi)  Electric  Fences — a  fire  hazard? 
Circumstances  in  which  electric  fences  may  ignite 
grassland  fuels  were  tested   CMcCutchan  and  Pratt 

1980) .   Flashover  across  the  surface  of  green 
leaves  between  a  live  conductor  and  earthed  metal, 
with  very  dry  finely  divided  plant  material  in 
close  proximity,  is  the  most  likely  mechanism  to 
cause  a  fire.   A  series  output  resistor  will 
minimise  the  chance  of  ignition.   Fires  caused 
by  electric  fences  are  statistically  improbable 
but  are  still  possible. 

(vii)  Firebreaks  and  Buffer  Zones — The  CFA 


promotes  the  planning  and  construction  of  linea: 
fire  prevention  measures  and  aids  to  fire  sup- 
pression.  Also  Legislation  provides  for  advise: 
committees  in  miinicipalities  and  regions  for  fi 
prevention  planning. 

The  CFA  appreciates  that  firebreak  and  buffe: 
zone  construction  methods  may  modify  the  enviro: 
ment.  Therefore  planners  should  be  aware  of 
methods  that  may  degrade  those  attributes  impor 
to  successful  land  management,  and  appreciated  '. 
residents  and  visitors,  and  at  the  same  time 
achieve  maximum  firebreak  effectiveness. 

In  the  high  fire -hazard  Dandenong  Ranges  are^ 
east  of  Melbourne,  the  Victorian  Government  has 
acquired  private  property  which  is  set  aside  fn 
residential  development  and  managed  as  a  fire 
buffer  zone  by  the  Forests  Commission. 

DEVELOPMENT  OF  SUPPRESSION  CAPABILITY 

Primary  factors  for  improved  suppression  cap 
ility  are  an  efficient  fleet  of  vehicles,  adequ. 
communications  and  highly  trained  brigade  perso 


The  CFA  has  built  up  a  large  fleet  of  fully 
equipped  fire  fighting  vehicles  distributed  to 
brigades  as  support  for  local  equipment: 
Aerial  Appliances 


5 

236 

1097 

84 

190 

104 


Urban  Pumpers     1600 — 3000  1pm 
Rural  Tankers     1000 — 4000  (4x4&4x2) 
Trailer  Units     Pumps 

Tankers 

Hose  Trailers 
Such  wide  distribution  allows  brigades  to  attacl 
a  fire  with  speed  and  concentration.   In  rural 
brigades  the  CFA  units  may  be  the  only  equipmen 
immediately  available  for  turnout,  farm  vehicle 
being  engaged  in  bulk  grain  or  hay  cartage. 

Flexibility,  simplicity  and  reliability  of 
operation  are  important  design  criteria  for  veh- 
icles operated  by  firemen  in  high-stress  situat 
One  new  CFA  design  is  shown  in  figure  9,  with 
specifications  as  indicated. 


Figure  9 — CFA  Rural  Tanker,  New  Design. 
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,)/Chassis — International  ACCO  610A  4x4 
ine — V345  8-cylinder  petrol  (150  hp) 
};er  Tank — 3,000-litre  capacity  fibreglass 
>  ip — 2  stage,  370  litres/minute  §  700  KPa  powered 
)  15- hp  Briggs  and  Stratton  engine. 
f.s  unit  will  replace  many  other  vehicles. 

Two  important  communication  facilities  are 
[  telephone  alerting  system  for  volunteer  fire 
)  gades  where  fire  stations  are  unattended  and 
;  two-way  radio  communications  between  fire 
J   icles,  a  mobile  command  vehicle  and  their 
i>  dquarters. 

Three  separate  Fire  Reporting  Services  have  been 
|i  igned  and  implemented.   These  services  are  com- 
):  hensive  and  reliable  intercepting  and  signalling 
i;  terns  which  utilize  the  existing  private  tele- 
)!  ne  services  installed  in  volunteer  residences. 
^1  systems  allow  the  volunteer  to  answer  the  fire 
:.  1 ,  speak  to  the  caller  and  if  necessary  activ- 
1'  the  fire  siren.   They  also  provide  a  conference 
i.ility  to  allow  the  volunteer  officers  to  confer 
thers  prior  to  answering  the  call. 

'!  .  Installations — Type  1  cities  and  towns   173 
— Type  2  small  rural  communities   360 
— Type  3  sparsely  populated  districts   318 

Two-way  radio  was  introduced  into  fire  brigades 
er  World  War  II.   Much  equipment  was  ex-Service 
vately  purchased.   Brigades  formed  radio  net- 
ks  to  ensure  their  mobility  and  rural  fire 
hting  became  a  group  operation.   Since  then  more 
icient  equipments  have  been  installed  and  main- 
led  by  the  CFA.   High  frequency  (2-4mhz)  SSB 
rforks  provide  Statewide  communications  for  Zone 

Regional  officers  whilst  VHP  16  3mhz  is  used 
raregion.   The  advent  of  VHF  has  required 
Dtely  sited  base  stations  on  hill  tops  with 
crol  by  land  line  or  radio  link.   Some  solar- 
sred  remote  installations  have  been  designed 

constructed. 

'Equipments  in  operation  include: 

Base  Stations  Mobiles 
:fa  owned  458    1,532 

iroup  S  Brigade  owned  261    2,185 

Jith  the  development  of  increasingly  sophisti- 
|5d  equipment  and  deployment  of  vehicles  and 
}S   Statewide  to  major  fires,  training  of  large 
)ers  of  volunteers  became  necessary.   The  CFA 
iblished  a  Training  Wing  on  a  140  ha  site  60 
lorth  west  of  Melbourne  with  facilities  for  50 
!-in  and  150  daytime  students.   CFA  philosophy 
:hat  the  Training  Wing  trains  volunteer  and 
lanent  officers  who  in  turn  conduct  training 
heir  home  regions  for  group  and  brigade 
;onnel.   Subjects  include  fire  suppression 
itegy  and  tactics,  communications,  use  and  care 
specialised  equipments,  e.g.,  breathing  appar- 
',  and  methods  of  extinguishing  specialised 
:s,  e.g.,  L.P.  gas  and  flammable  liquids.   The 
*■  ning  Wing  operates  7  days  per  week  for  44 
e  3  each  year.   Training  in  1980  included 


Numbe 

rs  of 

Courses 

Students 

79 

2,552 

39 

271 

38 

697 

Volunteers  Schools 
Permanent  Staff  Schools 
Outside  Groups  Schools 


Advanced  training  is  underway  with  the  intro- 
duction in  1980  of  the  National  Command  Course 
sponsored  by  the  Australian  Assembly  of  Fire 
Authorities  for  senior  officers  of  fire  services 
from  all  Australian  States. 

SUMMARY 

Wild  fires  in  rural  Victoria  are  largely  the 
result  of  vegetation  becoming  highly  flammable  at 
the  time  of  seasonal  high  fire  danger  weather. 
People  are  directly  or  indirectly  the  cause  of  the 
majority  of  the  fires  whilst  in  the  event  of  a 
fire  occurring,  people,  their  stock  and  property 
are  at  considerable  risk  and  often  suffer  severe 
losses. 

The  Country  Fire  Authority  was  established  to 
mitigate  such  losses  and  has  set  up  an  effective 
Statewide  organisation  with  principles  of  oper- 
ations clearly  defined.   Rural  orientated  research 
has  commenced  to  improve  understanding  of  fire 
behaviour  and  fire  prevention  methods  whilst 
development  in  suppression  capability  is  proceed- 
ing through  improved  vehicular  design,  communica- 
tions and  training. 
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Fire  Management  in  Southern  California^ 


Michael  J.  Rogers" 


Wildland  wildfires  have  had  a  major  environ- 
mental influence  in  Southern  California  for  two 
million  years  or  more  (Axelrod  1958).  Analysis 
of  charcoal  layers  in  lake  and  ocean  bottoms  has 
provided  evidence  of  periodic  wildfires  (Bryne 
and  others  1977).  Examination  of  fire  scars  on 
older  conifers  also  provides  additional  data  on 
high  intensity  fire  frequency  prior  to  the 
establishment  of  official,  written  records  (Arno 
and  Sneck  1977). 

The  early  day  missionaries,  who  began  the 
first  non  native  American  settlements,  started  a 
migration  to  Southern  California  that  continues 
even  today.  Father  Junipero  Serra  and  his  Fran- 
ciscan followers  founded  numerous  missions  which 
became  the  cornerstone  of  community  development 
in  Southern  California.  Large  Spanish  Land  Grant 
ranches  soon  surrounded  each  mission.  These 
early  day  settlers  may  have  used  fires  as  a  means 
of  clearing  the  vegetation  from  the  fertile  val- 
ley floors  and  alluvial  plains  (Komarek  1969) 
that  stretched  from  the  mountain  slopes  to  the 
shores  of  the  Pacific  Ocean.  The  deep  alluvial 
soils  in  the  valleys  below  the  coastal  mountains 
produced  good  feed  for  cattle,  good  wells,  numer- 
ous crops,  vineyards,  avocado  and  citrus  groves. 

As  the  population  grew,  additional  ranches  and 
farms  sprang  up  on  the  more  marginal  terrain. 
Eventually  ranches  and  farms  occupied  all  the 
valley  lands  from  the  shores  of  the  Pacific  Ocean 
to  the  rugged  slopes  of  the  Coast  Range.  Occa- 
sionally droughts  created  hard  times  for  the 
ranchers.  Wildfires  in  the  valleys  and  the  foot- 
hills often  accompanied  these  droughts. 

Dana,  in  his  book  "Twenty  Years  Before  The 
Mast",  states  that  in  1836  he  encountered  a  great 
forest  fire  all  along  the  Southern  California 
Coast  Range  during  his  journey  northward  to  Santa 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

2 

Fire  Management  Officer,  Angeles  National 
Forest,  Forest  Service,  U.S.  Department  of 
Agriculture,  Pasadena,  California  91101. 
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Abstract:  Fire  has  always  played  a  major  role 
Southern  California.  Fire  suppression  forces 
have  a  good  record  controlling  brush  fires  unde 
normal  weather  conditions.  Present  suppression 
strategies  become  ineffective  on  wind  driven 
fires  under  "Santa  Ana"  weather  conditions. 
Prescribed  burning  has  emerged  as  a  viable  tool 
for  developing  age  class  mosaics.  Age  class 
mosaics  should  become  the  key  building  block  of 
a  totally  integrated  fire  management  program. 
This  kind  of  program  will  significantly  reduce 
suppression  costs,  wildfire  damage,  related 
flood  damage  and  sediment  reduction  while  provi 
ing  optimum  benefits  to  wildlife,  water,  timber  B 
range  and  recreation. 


i 


Barbara.  Periodically,  newspapers  carried  ac- 
counts of  raging  forest  fires  in  the  coast  ranc 
mountains  of  Southern  California.  Specific  nev\jpr! 
paper  accounts  of  Southern  California  wildfire 
activity  occurred  in  1869,  1872  and  1878.  Duri 
these  early  years  residents  expressed  little 
direct  concern  over  these  wildfires. 


Cattlemen  intentionally  set  many  fires  in  t\ 
valleys  and  foothill  areas  as  late  as  the  1870 
and  1880's.  Finally,  in  1884,  a  series  of  seV' 
winter  storms  hit  Southern  California.  The  ne' 
Southern  Pacific  Railroad  suffered  heavy  damagd 
as  a  result  of  the  flooding.  Following  this 
episode,  intentional  burning  of  vegetation  cea; 
Periodically,  however,  large  wildfires  would  bti 
out,  usually  in  the  fall.  These  wildfires  ever 
ally  reached  the  mountains  where  they  burned 
themselves  out  after  running  into  old  burns 
(Barret  1935). 


if 


in 


In  1896,  Southern  California  experienced  a  Bri 
severe  drought  accompanied  by  high  summer  temp 
atures  and  strong  winds.  The  numerous  wildfiri  ite 
that  occurred  and  the  flood  damage  that  follow(  i 
resulted  in  a  loud  outcry  of  local  protest.  A 
result,  the  Federal  Government  initiated  plans 
establish  fire  fighting  organizations  for  all  ' 
the  newly  created  forest  reserves  in  Arizona,  \J§k 
Mexico  and  California. 

In  spite  of  these  efforts,  wildfires  contin 
to  occur.  To  combat  the  threat  of  large  wildfj  m 
the  Forest  Service  attempted  to  contain  each  f 
at  the  smallest  size  possible.  In  the  early 
1930' s  the  Forest  Service  protection  policy  ca 


F  lii 


for  immediate  attack  and^suppression  of  absolu 
all  fires  that  occurred.  Under  this  policy  m 
ture  chaparral  would  eventually  form  a  thick 
continuous  cover  over  the  soil.  Sooner  or  lat 
a  wildfire  would  break  out  under  extreme  weath 
conditions  and  all  of  the  steep  mountain  water 
sheds  would  burn.  Serious  flood  and  debris 
problems  usually  followed  on  the  heels  of  thes 
wildfires.  After  repairing  the  storm  damage 


n 


i 


Personal  communication  from  Chief  F.A.  Silc 


to  Regional  Foresters,  Forest  Service, 
partment  of  Agriculture,  1935. 


U.S.  De- 


(tr( 

i\ 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  1 
Expenment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982., 


-est  Service  personnel  would  then  start  all  over 
n'n,  protecting  the  new  brush  until  it  became 
'1  and  decadent  and  would  again  burn  under  high 
tensity  wildfire  conditions.  This  unsuccessful 
I  icy  of  complete  fire  exclusion  continued  until 
78. 

In  addition  to  implementing  a  policy  of  comp- 
;e  wildfire  prevention  and  suppression,  the  Forest 
•vice  took  several  positive  steps  in  an  effort 
disarm  the  explosive  potential  of  the  steep 
ish  covered  mountain  slopes.  As  fire  fighters 
]an  to  use  mechanized  equipment  to  control  wild- 
'es,  the  Southern  California  Forest  Managers 
)an  implementing  a  system  of  preattack  planning. 
■is  planning  system  inventoried  all  those  ridges 
;re  mechanized  equipment  could  be  worked  effec- 
^ely.  The  fire  fighter  now  had  a  way  to  preplan 
i;  placement  of  bulldozers  and  other  equipment 
ore  a  wildfire  occurred.  Unfortunately,  wild 
es  would  usually  overrun  these  ridges  before 
■;  equipment  could  construct  the  firebreaks. 
:er  repeated  failures  the  Forest  Service  began 
guesting  and  receiving  additional  funds  to  pre- 
istruct  many  of  these  improvements,  especially 
rebreaks.  Wildfires  burning  under  extreme  ad- 
•"Se  weather  conditions  quickly  overran  the 
jconstructed  firebreaks.  Heavy  winter  rains  and 
;ense  summer  thunder  showers  also  caused  unac- 
!)table  erosion  on  these  firebreaks. 

Eventually,  firebreaks  gave  way  to  the  wider 
3l breaks.  Fuel  breaks  support  low  growing  and 
M   volume  vegetation  which  helps  to  reduce  ero- 
)n  while  providing  a  safe  place  for  fire  fighters 
make  a  stand.  We  learned  that  even  with  wide 
jibreak  systems  supported  by  roads,  heliports 
i  strategically  located  water  systems,  under 
treme  adverse  weather  conditions  (low  humidities, 
iv  live  fuel  moistures  and  strong  winds)  fire 
ghters  could  not  effectively  isolate  a  wildfire 
thin  the  established  fuel  break  system.   (Pine- 
5St,  Sage,  Monte,  Crown  Valley,  Placerita  Fires 
]79;  Mountain  Trail  1978;  Middle  Fire  1977;  Mill, 
Vllage  Fires  1975).  However,  the  fuel  break  system 
cj  become  highly  useful  for  containing  wildfires 
c:e  the  adverse  wind  conditions  subsided. 

Fuelbreaks  will  continue  to  play  a  key  role  in 
rducing  the  number  of  acres  burned  under  most 
fgh  intensity  wildfire  conditions  except  under 
srong  Santa  Ana  wind  conditions.  However,  even 
tjer  the  less  extreme  weather  condtions,  fuel- 
Isaks  alone  will  not  eliminate  the  soil  damage 
fiiulting  from  the  high  intensity  wildfires  that 
trn  between  the  fuel  break  system  (Mountain  Trail 
Fre  1978;  Pine  Crest  Fire  1979;  and  Stable  Fire 

:3o). 

Suppression  expenditures  and  related  resource 
CTiages  represent  just  the  tip  of  the  iceberg  in 
Irms  of  wildfire-flood  related  costs  and  losses. 
/  an  example,  the  1975  Mill  Fire  cost  $1.5  MM  to 
ppress  and  it  resulted  in  some  $200,000  in 
source  damages.  The  floods  and  debris  which  fol- 
ded this  high  intensity  wildfire  in  February 
78  caused  an  additional  estimated  $75MM  in 


property  losses  and  damages.  The  majority  of  the 
flood  and  debris  damage  that  occurred  throughout 
Los  Angeles  County  in  1978  could  be  traced  back  to 
recent  high  intensity  wildfires. 

In  spite  of  all  our  best  prevention,  detection, 
suppression,  preattack,  firebreak  and  fuel  break 
strategies  and  the  money  spent  to  implement  these 
strategies,  we  still  seem  unable  to  reduce  the 
number  of  high  intensity  wildfires  that  burn  under 
extreme  weather  conditions  and  the  damages  assoc- 
iated with  these  wildfires.  The  number  of  wildfire 
starts  continues  to  grow  each  year  witb  60  wild- 
fires in  1970  to  131  wildfires  in  1979  .  For 
the  past  thirty  years  wildfires  have  burned  an 
average  of  18,500  acres  on  the  Angeles  National 
Forest:  1950-1959  16,917  acres;  1960-1969  21,395 
acres;  1970-1979  18,511  acres.  Most  of  these 
large  acreage  losses  have  occurred  between  Sept- 
ember and  December  under  high  velocity  Northeast 
Santa  Ana  winds.  These  wind  driven  wildfires 
continue  to  be  the  single  greatest  cause  of  soil 
damage  and  personal  property  loss  in  Southern 
California.  Some  typical  examples  of  personal 
property  loss  follow  in  Table  1.  Unfortunately 
statistics  are   not  available  for  the  number  of 
structures  actually  saved  under  confragration 
conditions. 

Table  1--Dwel lings  Lost  in  Confragration  Wild- 
fires, 1970-1980. 


Jurisdiction 

Fire 

At  Point  Of 

Homes 

Name 

Date 

Origin 

Destroyed 

Boulder 

9/70 

Cleveland 
National  Forest 

383 

Mi  1 1 

11/75 

Angeles 
National  Forest 

15 

Sycamore 

7/77 

Los  Padres 
National  Forest 

216 

Mandeville 

10/78 

Los  Angeles 

20 

Canyon 

City 

Kanan 

10/78 

Los  Angeles 
County 

230 

Stable 

11/80 

Los  Angeles 
County 

57 

Thunder 

11/80 

Angeles 
National  Forest 

26 

Panorama 

11/80 

San  Bernardino 
National  Forest 

284 

Each  wildfire  precludes  managements  option  for 
controlling  the  timing  of  quality  water  yields, 
creating  optimum  wildlife  habitat  conditions,  red- 
ucing losses  of  forest  soils,  providing  additional 
area  for  grazing,  establishing  tree  plantations 
and  healthy  chaparral  stands  for  future  dispersed 
recreation  opportunities  and  for  allowing  greater 
use  of  those  portions  of  forests  now  restricted  by 
annual  fire  closures. 


Data  on  file,  USDA  Forest  Service,  Angeles 
National  Forest,  Pasadena,  California 
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The  long,  warm,  dry  summers  and  mild  winters 
that  originally  made  the  Spanish  feel  at  home  still 
continue  to  draw  200,000  Americans  to  Southern 
California  each  year.  Single  family  residences, 
apartments  and  condominiums  have  long  since  re- 
placed the  ranches,  orchards  and  vineyards 
established  by  early  day  settlers.  The  unending 
demand  for  additional  housing  and  privacy  has  be- 
come so  intense  that  residential  developments  now 
compete  for  the  only  remaining  land  base,  the 
steep  brush  covered  privately  owned  hillsides. 
Residents  of  these  areas  have  little  understanding 
or  appreciation  for  the  hazards  involved  with 
living  in  the  urban  wildland  interface.  Fire 
Management  problems  continue  to  become  increasingly 
complex. 

Can  anything  be  done  to  change  or  correct  what 
appears  to  be  a  growing  and  totally  hopeless  sit- 
uation? Yes,  a  number  of  things  can  be  done, 
however,  there  are  no  fimple  or  individual 
solutions  to  this  complex  problem.  From  the' 
stand  point  of  vegetation  management,  the  fuels 
that  lie  between  the  fuelbreaks  must  be  conscien- 
tiously managed  and  not  just  protected.  Prior  to 
1975  none  of  our  managment  strategies  suggested 
managing  the  carpet  of  chaparral  fuels  that  lay 
between  the  fuelbreaks.  Fire  modeling  (Albini 
1976)  and  personal  observations  suggest  that  by 
managing  the  age  of  the  fuels  the  manager  can 
favorably  influence  fire  intensity.  The  older 
the  fuel,  the  greater  the  dead  to  live  fuel  ratio 
and  the  greater  the  resulting  intensity  once 
ignition  occurs  (Green  1980). 


The  data  in  Table 
very  graphically  . 


2  illustrates  this  point 


Table  2--Brush  Fuel  Model  with  Slope  at  50  percent, 
10  Hour  Fuel  Stick  of  2.0,  Wind  Speed  of  20  Miles 
Per  Hour,  on  September  4. 


Age 

Flame 

Length 

Intensity 

Size(Acres 

(Years) 

(In 

Feet) 

BTU/Sec/Ft 

in 

1st  Hour) 

10 

6.36 

316 

142 

20 

5.89 

267 

7 

30 

19.26 

3,518 

102 

40 

30.09 

9,284 

280 

50 

33.65 

11,838 

384 

With  wind,  slope  and  fuel  moisture  held  constant 
and  age  of  the  vegetation  the  only  variable,  one 
can  readily  see  that  fire  intensity,  resistance  to 
control,  and  acres  burned  in  the  first  hour  begins 
to  increase  rapidly  beyond  twenty  years  of  age. 
The  rapid  increase  in  the  dead  to  live  fuel  ratio 
beyond  twenty  years  of  age  causes  these  increases. 
Most  of  the  chaparral  species  have  produced  viable 
seed  by  their  fifteenth  year.  This  data  suggests 
then  that  somewhere  between  15  and  20  years  of  age, 
chamise-chaparral  vegetation  should  be  converted 
back  to  the  age  of  zero,  or  burned  under  a 


Van  Gelder,  Randall,  J.  Unpublished  Firecasting 
Operators  Guide  on  file  at  the  Fire  Lab,  Riverside, 
Cal ifornia. 
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prescription  that  will  remove  a  large  percentage 
the  smaller  sized  dead  fuels.  Prescribed  burnir 
can  be  carried  out  under  a  carefully  coordinatec 
plan  which  will  result  in  a  mosaic  of  different 
classes . 
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if 
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Age  class  management  enables  the  land  manager 
to  have  a  good  deal  of  control  over  wildfire  int 
sity  and  related  resource  and  off  site  damages. 
Wildfire  suppression  should  be  more  effective  i 
the  younger,  thriftier  chaparral  fuels.  In  addi 
tion  the  land  manager  can  now  begin  to  realistice 
plan  for  other  resource  opportunities  such  as 
increased  grazing,  an  increase  in  wildlife  habit 
diversity,  and  an  increase  in  quality  water  yiel 
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Because  of  the  steep  slopes  and  fragile  soils 
it  appears  that  very  few  alternative  methods  of 
large  scale  vegetative  management  other  than  pr( 
scribed  burning  could  be  successfully  implemente' 
in  the  Angeles  National  Forest.  The  Southern  ' 
California  National  Forests  have  used  prescribecP 
burning  with  a  high  degree  of  success  as  a  vege 
tative  management  tool  since  1977. 


Based  on  our  experience  on  the  Angeles  with  t 
wildfires  and  prescribed  fire  I  offer  the  follov 
observations  and  opinions: 


FIRE  INTENSITY  EFFECTS 


The  flood  damage  that  follows  wildfires  can 
directly  related  to  two  factors:   (1)  wildfire 
intensity  and  (2)  storm  intensity.  Wildfire 
intensity  increases  with  the  age  of  the  fuels. 
The  combination  of  older  fuels  burning  under  a 
September-December  hot  dry  Northeast  wind  condi 
tions  creates  some  of  the  highest  wildfire 
intensities  possible.  Not  only  does  an  intense 
fir  burning  in  late  summer  after  a  long  drying 
period  consume  all  of  the  organic  matter  in  the 
soil,  it  can  destroy  the  soil  structure  and  crec 
a  "water  repellent"  soil  condition.  The  more 
intense  the  fire  the  greater  the  change  that  thi 
"water  repellent"  soil  condition  will  develop. 
However,  if  abundant  rain  falls,  surface  water  v 
start  flowing  down  the  steep  slopes  and  as  these 
flows  gain  velocity  soil  particles  become  detacl" 
and  transported.  Surface  rilling  and  slumping 
starts  to  occur.  Major  channels  scour  out  down 
to  solid  parent  material.  Tons  of  debris  begin 
to  flow  off  the  slopes  and  out  of  the  forests  ir 
residential  areas  that  border  the  foothills.  Al 
of  the  main  channels  in  the  fire  area  will  carr} 
major  debris  flows  which  on  the  Angeles  will 
usually  be  contained  in  debris  basins.  These 
debris  basins  must  be  cleaned  out  periodically, 
a  present  day  cost  of  $8.00/cubic  yard.  During 
periods  of  heavy  rainfall  clean  out  activities 
must  occur  on  a  daily  basis  just  to  keep  up  witl" 
the  new  debris  flowing  into  the  structures.  If 
the  daily  clean  out  did  not  occur  hundreds  of 
homes  below  these  structures  would  be  destroyed 
by  flowing  debris. 

Very  extensive  "water  repellent"  soil  conditi 
occurred  during  the  1975  Angeles  National  Forest 
Mill  Fire,  in  56-year-old-fuels .  Fortunately 
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y  light  winter  storms  occurred  during  the  next 

winters.  Extensive  "water  repellent"  soils 
,0  occurred  on  the  1977  Middle  Fire  which  burned 
75-year-old-fuels.  Heavy  winter  storms  in  1978 
duced  major  debris  flows  from  these  two  burns 
ch  resulted  in  extensive  flood  damage  and  loss 
Jife^. 

This  pattern  of  severe  flooding  did  not  occur 
/ever  on  another  wildfire  known  as  the  Mountain 
lil  Fire.  The  Mountain  Trail  Fire  started  on 
;ober  23,  1978  under  strong  Santa  Ana  wind  con- 
:ions  and  burned  all  of  the  watershed  north  of 
City  of  Sierra  Madre.   In  1978/1979  Southern 
ifornia  experienced  another  wet  winter  with 
)ectations  for  heavy  flood  damage  in  the  City 
Sierra  Madre.  However,  the  city  did  not  exper- 
ice  any  heavy  flooding  or  debris  damage.  A 
'lew  of  the  fire  history  records  indicated  that 
'  Mountain  Trail  Fire  area  had  not  burned  since 

1961  Sierra  Fire  which  also  occurred  under 
'ong  Santa  Ana  wind  conditions.  During  the 
Iter  following  the  Sierra  Fire  the  town  of 
rra  Madre  suffered  heavy  flooding  resulting  in 
ensive  damage  to  numerous  homes.  Deep  rilling, 
lying,  and  slumping  had  occurred  on  the  mount- 
I  slopes  sending  tons  of  debris  into  the  city 
low.  Prior  to  the  Sierra  Fire,  this  area  had 
Jt:   completely  burned  since  1911.  The  Sierra  Fire, 
t^refore,  burned  in  50-year-old-fuel .  By 
citrast,  the  Mountain  Trail  Fire  burned  in  17-year- 
3l-fuel,  a  relatively  thrifty  fuel.  Although  all 
D  the  stream  channels  on  the  Mountain  Trail  Fire 
p)duced  record  amounts  of  debris,  most  of  this 
ii:erial  had  accumulated  in  the  ravine  and  canyon 
b:toms  as  dry  creep  long  before  the  1978  Mountain 
liil  Fire.  The  burning  of  the  thriftier  fuels, 
B?n  under  extreme  weather  conditions,  did  not 
r;ult  in  the  extensive  "water  repellent"  soil 
cidition  that  has  developed  on  other  high  inten- 
s:y  fall  wildfires. 

During  the  winters  of  1977/78  and  78/79  Ranger 
D;trict  personnel  conducted  numerous  prescribed 
b-ns  throughout  the  Angeles  National  Forest. 
Miy  of  these  burns  took  place  prior  to  heavy 
t^rential  winter  rains,  the  same  rains  that  caused 
etensive  flood  damage  on  areas  burned  over  in  the 
Mil  and  Middle  Fires.  We  did  not  observe  any 
riling  or  extensive  soil  movement  on  these  pre- 
S'ibed  burn  areas.  The  low  intensity  prescribed 
f^es,  some  of  them  in  60-year-old-fuels,  did  not 
c^ate  the  "water  repellent"  soil  condition  that 
tivelops  when  high  intensity  wildfires  burn  under 
etreme  weather  conditions  in  older  fuel  beds.  In 
f:t,  within  two  weeks  90  percent  of  the  prescribed 
t^n  areas  had  a  cover  of  grass  or  herbacous  plants. 

In  addition  to  carefully  prescribed  fuel  and 
vi-ather  conditions  at  the  time  these  burns  took 
pace,  the  soils  at  all  burn  sites  had  high 
n  sture  contents  due  to  the  long  and  above  normal 
mi-iter- spring  rainy  season.  By  contrast,  our 


Los  Angeles  Times  feature  on  a  study  conducted 
t  California  Institute  of  Technology,  Pasadena, 
Ciifornia  on  the  Relationship  of  Wildfire  Intensity 
t  Soil  Damage;  March  5,  1978. 


damaging  wildfires  occur  in  the  fall,  in  older 
fuel  beds,  after  all  the  forest  fuels  have  dried 
out  and  the  living  vegetation  has  become  dormant. 

In  April  1980,  during  a  period  of  80  mph  North- 
east winds,  some  hot  material  rekindled  and  escaped 
outside  the  burned  area  perimeter.  The  resulting 
wildfire  burned  in  60-year-old-fuels.  Before  the 
winds  finally  died  down  the  Monroe  Fire  had  con- 
sumed 3,000  acres.  However,  this  wildfire  occurred 
in  the  spring  during  a  time  of  very  high  soil 
moisture.  As  with  all  of  our  prescribed  burns  new 
vegetation  started  to  appear  within  two  weeks.  By 
June  the  burn  contained  a  new  carpet  of  vegetation. 
Research  personnel  examined  the  soils  and  concurred 
that  little  if  any  "water  repellent"  soil  condi- 
tions had  developed. 

The  Mountain  Trail  Fire  and  the  Monroe  Fire 
demonstrate  two  important  concepts. 

1.  We  can  influence  wildfire  intensity  by 
conscientiously  managing  chaparral  fuels  in  a 
mosaic  of  various  age  classes.  The  1978  Mountain 
Trail  Fire  showed  that  less  soil  damage  occurs 
when  younger,  thriftier  fuels  burn  then  when  old- 
er fuels  burn,  even  under  extreme  wildfire 
conditions. 

2.  The  1980  Monroe  Fire  suggests  that  intense 
winter/spring  fires  in  the  old  fuels  do  not 
seriously  destroy  soil  structure  as  do  high  inten- 
sity wildfires  in  the  fall.  The  high  soil  moisture 
content  present  during  Spring  Fires  appears  to 
play  a  key  i^ole  in  preventing  the  creation  of 
"water  repellent"  soils.  We  have  all  observed 
that  vegetative  recovery  on  fall  burns  occurs  very 
slowly,  while  on  spring  burns  the  reverse 
situation  occurs. 

PRESCRIBED  BURNING  AS  A  MANAGEMENT  TOOL 

Prescribed  burning  has  several  distinct  advan- 
tages over  wildfire  in  that  it  offers  the  manager 
the  opportunity  to  control  the  size  and  shape  of 
the  burn.  Under  wildfire  conditions  no  such 
control  exists.  If  the  manager  observes  the 
prescribed  burn  producing  higher  soil  temperatures 
then  desired,  the  firing  pattern  can  be  adjusted 
accordingly.  Again  under  wildfire  conditions  no 
such  opportunity  exists. 

With  prescribed  burning  the  manager  can  select 
the  timing  and  the  conditions  required  to  produce 
an  end  product  consistent  with  pre  established 
objectives.  Again,  under  wildfire  conditions 
this  opportunity  does  not  exist. 

As  we  continue  to  gain  experience  with  pre- 
scribed burning,  we  must  develop  the  capability 
of  burning  several  thousand  acres  each  day.  This 
concept  seemed  impossible  to  even  think  about 
several  years  ago.  However,  the  helitorcn  now 
provides  us  with  the  capability  needed  to  burn 
large  areas  each  day.  With  all  of  the  various 
constraints  we  work  under  such  as  (1)  no  burn 
days  because  of  poor  air  quality,  (2)  no  burn 
day  because  the  burn  falls  out  of  the  prescription 
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on  either  the  low  end  (humidity  and  fuel  stick  too 
high,  no  wind,  fire  won't  burn)  or  the  high  end 
(humidity  and  fuel  stick  too  low,  wind  too  strong, 
any  fire  could  be  too  intense),  (3)  no  burn  days 
because  a  very   complex  high  risk  burn  will  be  ig- 
nited on  an  adjoining  district  and  back  up  forces 
from  neighboring  units  must  be  reserved  in  the 
case  of  an  escape,  (4)  insufficient  humidity 
recovery  at  night  which  constrains  the  manager 
from  initiating  new  prescribed  burns  until  "mop 
up"  of  previous  burns  can  be  accomplished.  This 
all  means  that  once  each  critical  factor  falls 
into  prescription,  good  soil  moisture  exists, 
good  humidity  recovery  occurs  in  late  afternoon 
and  stays  through  the  night,  air  quality  conditions 
permit  prescribed  fires  and  the  weather  forecast 
looks  favorable  for  continuation  of  similar 
conditions  for  the  next  48  hours  or  more  the 
manager  must  move  rapidly  to  accomplish  as  many 
acres  as  possible.  For  example  the  goal  of 
18,000-19,000  acres  each  year  on  the  Angeles  may 
conceivably  take  place  on  8  to  10  key  days  where 
all  factors  favor  planned  ignition.  These  8  to 
10  burn  days  may  be  scattered  throughout  the 
winter,  spring  and  early  summer,  between  November 
and  early  July.  Fortunately,  the  risks  will 
lessen  as  we  eliminate  more  and  more  of  our  30- 
year-old  and  older  fuels. 

Hopefully  costs  can  be  cut  by  accomplishing 
more  and  more  burning  without  using  expensive 
preconstructed  fire  lines.  We  have  successfully 
used  humidity  recovery  on  several  burns  including 
the  Horse  Ridge  Fuel  break  in  April  1978,  and  the 
Drinkwater  Fuel  Reduction  Project  in  May  1978.   In 
both  these  cases  the  humidities  rose  to  the  point 
at  about  3:00  pm  where  we  could  no  longer  ignite 
the  fuels.  Sustained  high  humidities  through  the 
night  nearly  extinguished  all  fire  on  both  projects. 
Prescribed  burn  managers  monitered  the  relative 
humidities  using  on  site  hygrothermographs . 

PREVENTING  PRESCRIBED  FIRE  ESCAPES 


As  previously  mentioned  the 
1980  proved  to  be  a  totally  di 
year.  Humidity  recovery  above 
occurred  for  sustained  periods 
periodically  surfaced  througho 
burning  period.  On  April  11, 
wind  with  unpredicted  velociti 
faced  over  the  Angeles  Nationa 
prescribed  burns  initiated  ori 
eventually  escaped.  Both  wild 
heavily  populated  areas.  The 
705  acres  and  the  Monroe  Burn 
3,000  acres.  Fortunately  the 
fore  either  of  these  two  fires 
land  urban  interface. 


Winter-Spring  of 
fferent  kind  of 

60  percent  rarely 
.  Northeast  winds 
ut  the  winter-spring 
1980  a  Northeast 
es  of  80  mph  sur- 
1  Forest.  Two 
ginally  on  April  7 
fires  headed  towards 
Dagger  Burn  consumed 
consumed  approximately 
winds  died  down  be- 

reached  the  wild- 


Some  cautions  and  considerations  for  use  of 
prescribed  fire  in  a  Mediterranean-type  Ecosystem: 

_      1.     Under  strong  wind  conditions,   the  vegetation 
in  a  Mediterranean-type  Ecosystem  will    burn  at  any 
time  of  the  year.     The  probability  for  an  intense 
fast  running  fire  increases  dramatically  as  the 
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fuels  exceed  20  years  of  age.  Our  most  dangerous!  J, 
winds,  the  strong  Northeast  winds,  can  occur  duri' " 
any  month  of  the  year.  The  data  in  Table  3  comesC 
from  a  10  year  study  (1951-1960)  of  Santa  Ana 
wind  frequency  on  the  Angeles  National  Forest 
(Schroeder  and  others  1964). 


Table  3--Santa  Ana  Wind  Frequency  by  Month  for  th 
Angeles  National  Forest. 
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Month 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Avg.  No. 
Santa  Ana 
Events 
Each  Year 


ITT" 
1.0 
1.7 
0.8 
0.7 
0.4 
0.2 
0.0 
1.1 
1.9 
2.6 
1.8 


Average 
Duration 
(In  days] 


Avg.  No. 
Santa  Ana 
Days  Per 
Month 


1 

1.9 

2.5 

1.8 

1.4 

4.5 

2.5 

0.0 

4.4 

4.5 

5.0 

3.7 


1.2 
1.9 
4.3 
1.5 
1.0 
1.8 
.5 
0.0 
4.8 
8.6 
12.8 
6.6 
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The  probability  of  high  velocity  Northeast  wit 
must  always  be  considered  when  planning  to  burn 
The  combination  of  strong  Northeast  winds,  wildfij 
and  the  floods  that  follow  destroy  more  structunf 
in  the  wildland  urban  interface  than  any  other  j 
combination  of  causes. 


2.  Managers  must  resist  pressures  to  take  ri: 
that  they  find  unacceptable.  We  have  began  to 
build  a  good  solid  fuel  management  program.  Ad- 
mittedly, we  have  made  some  mistakes  and  we  have 
grown  from  these  mistakes.  We  received  criticisi  '«f 
that  our  rate  of  progress  is  not  fast  enough. 
Today  we  stand  at  the  crossroads:  we  can  develoj 
a  good  solid  prescribed  burning  program  and  con- 
tinue to  enhance  our  creditabil ity  as  profession 
land  managers  or  we  can  wind  up  losing  this  oppo 
tunity  by  becoming  overly  ambitious  and  taking 
some  foolish  chances. 
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3.  In  Southern  California,  it  would  be  unusu 
to  find  good  prescription  conditions  must  past 
July.  Therefore,  it  will  remain  necessary  to 
attack  all  those  wildfires  occurring  during  the  [ 
summer  and  fall  with  a  rapid  and  aggressive  supp 
ression  effort.  Some  people  advocate  letting 
wildfires  go  during  the  summer  wildfire  season. 
They  claim  these  wildfires  would  develop  a  natur 
age  class  mosaic.  Perhaps  this  concept  might  ha 
worked  prior  to  the  intrusion  of  residential 
development  into  the  privately  owned  wildlands  o 
California.  Today,  however,  to  let  a  wildfire  r 
loose  to  the  point  it  could  endanger  or  destroy 
private  property  if  winds  developed  would  be 
totally  irresponsible.  If  we  allowed  this  to 
happen  the  public  would  be  justified  in  asking  i 
there  is  a  difference  between  prescribed  fire 
and  wildfire.  A  prescribed  fire  must  always  be 
fully  under  control  and  designed  in  such  a  way 


'ire; 


,jt  it  meets  a  predetermined  objective  using  a 
'determined  set  of  constraints.  A  wildfire 
)ws  no  such  bounds.  No  opportunity  exists  to 
itrol  the  size,  shape,  intensity  or  timing  of 
n'ldfire.  In  addition,  based  on  our  experience 
;  soil  damage  from  a  summer  wildfire  would  not  be 
;eptable. 

4.  There  will  never  be  one  single  answer  to 
of  our  wildland  management  problems.  Although 
class  management  will  reduce  fire  intensity, 
ier   strong  wind  conditions,  any  fuel  age  class 

1  burn.  Additionally,  in  strong  winds,  air- 
ikers  and  heli tankers  that  usually  can  be  more 
'ective  in  lighter  fuels  often  can  not  get  off 
;  ground  because  of  the  extreme  air  turbulance. 

ing  the  Stable  and  Thunder  Fires,  5,  10  and  30 
ir-old-fuels  all  burned  with  equal  rates  of 

ead.  Aircraft  could  not  be  used  until  the 

theast  winds  finally  subsided.  We  can,  however, 
')ect  less  soil  damage  under  the  younger  age  class 
;ls  because  of  the  lov/er  intensities,  which  means 
;s  flood  damage  under  these  conditions.  Homes 

the  path  of  a  wildfire  in  any  fuel  type  will  be 
itroyed  unless  communities  insist  on  fire  safe 
ilding  practices,  such  as  fire  safe  roofs,  closed 
/es,  properly  placed  attic  vents,  small  windows, 
i  proper  landscaping  in  wildfire  prone  areas. 

1MARY 

Any  successful  wildland  protection  program 

;t  be  built  on  an  integrated  approach  consisting 


1.  A  plan  and  financing  for  a  vegetative 
lagement  program  that  will  reduce  the  intensity 
i  the  number  of  large  wildfires  while  producing 
iber,  recreation,  range,  wildlife,  water  and 

Oier  benefits. 

2.  A  continuation  of  a  strong  wildfire  pre- 
vition  effort.  This  prevention  effort  should 

a;o  emphasize  public  education  so  that  hazards  of 
hidfire  in  a  Mediterranean  e^'osystem  are  well 
ujerstood. 

3.  A  strong  ground  and  air  initial  attack 
S-)pression  organization  with  cooperator  back  up 
i  the  event  a  project  wildfire  occurs. 

4.  Homeowners  living  in  Southern  California's 
bjshlands  must  have  the  benefit  of  living  in  fire 
s"e  homes  built  in  areas  that  can  be  effectively 


defended  from  wildfire  by  both  the  homeowner  and 
the  fire  services.  Greenbelt  or  buffer  concepts, 
fire  safe  building  codes  and  low  growing  fire 
resistant  vegetation  should  be  fully  integrated 
to  provide  this  protection.  New  structures  should 
be  effectively  separated  from  brush  stands. 

I  believe  that  we  can  reduce  fire  and  flood 
related  losses  considerably  while  enhancing  other 
resource  values  by  implementing  a  totally  inte- 
grated protection  strategy  like  the  one  I   have 
described. 
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Operational  Use  of  Prescribed  Fire  in  Southern 
California  ChaparraP 

Ron  Dougherty  and  Philip  J.  Riggan- 


Fire  is  a  dominant  natural  feature  in  Mediter- 
ranean-type ecosystems  throughout  the  world.   With 
their  characteristic  summer  droughts  and  highly 
flammable  vegetation,  these  ecosystems  are  fre- 
quently coursed  by  catastrophic  wildfires. 

Nowhere  is  the  threat  to  human  life  and  prop- 
erty more  acute  than  in  the  complex  association  of 
wildland  chaparral  and  developed  urban  areas  in 
southern  California.   Here,  in  November  1980,  over 
320  homes  were  destroyed  and  36,000  ha  of  chap- 
arral watershed  were  burned  by  major  wildfires 
raging  under  the  influence  of  foehn-type  Santa  Ana 
winds.   These  were  not  uncommon  events;  in  modern 
times,  homes  are  destroyed  and  thousands  of  hect- 
ares are  burned  every  year  by  wildfire.   Loss  of 
life  and  property  can  be  even  greater  in  the 
flooding  and  debris  production  that  often  follows 
major  chaparral  fires. 

Fire  suppression  and  prevention  programs  have 
reduced  the  frequency  and  size  of  wildfires,  but 
this  approach  alone  has  not  prevented  catastrophic 
wildfires,  and  natural  fire  regimes  may  have  been 
altered,  with  profound  effects  upon  this  fire- 
adapted  ecosystem.   In  response  to  these  problems, 
efforts  are  being  made  to  use  fire  under  pre- 
scribed conditions  to  manage  chaparral  fuels  and 
provide  positive  resource  benefits. 

A  program  designed  to  develop  and  demonstrate 
the  use  of  prescribed  fire  and  other  management 
techniques  in  the  chaparral  has  been  underway 
since  1977  on  the  Laguna-Morena  Demonstration  Area 
in  San  Diego  County.   This  paper  discusses  the 
rationale  for  prescribed  burning  in  the  chaparral 
and  associated  ecosystems,  presents  an  overview  of 
the  operational  planning  needed  for  a  successful 
prescribed  fire,  and  discusses  our  recent  experi- 
ence with  this  technique. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

Assistant  Fire  Management  Officer,  Eldorado 
National  Forest,  Placerville,  Calif.;  Soil  Scien- 
tist, Pacific  Southwest  Forest  and  Range  Experi- 
ment Station,  Forest  Service,  U.S.  Department  of 
Agriculture,  Glendora,  Calif. 


Abstract:   The  use  of  prescribed  fire  in  the 
chaparral  could  reduce  the  incidence  and  impacts 
of  severe  wildfires  and  enhance  watershed  re- 
sources.  This  paper  describes  the  operational 
planning  needed  for  a  successful  prescribed  fire 
and  discusses  the  recent  experience  with  this 
technique  on  the  Cleveland  National  Forest. 


PRESCRIBED  FIRE  OBJECTIVES 

Fire  Hazard  Reduction 

The  use  of  prescribed  fire  in  chaparral  has 
potential  for  reducing  the  occurrence,  size,  and 
impact  of  large  wildfires.   Mosaics  of  different- 
aged  chaparral  stands  can  be  produced  and  main- 
tained by  periodic  burning  under  low  to  moderate 
fire  intensity  conditions.   These  mosaics  break  up 
large  areas  of  heavy  fuel  accumulation  and  main- 
tain a  substantial  area  of  chaparral  in  a  young, 
productive  state.   The  occurrence  and  adverse 
effects  of  large  wildfires  should  be  reduced  since 
fire  propagation  and  resistance  to  control  are 
considerably  less  in  well-stocked  young  stands 
with  their  low  dead  fuel  volumes  (Rothermel  and 
Philpot  1973,  Philpot  1974). 

Areas  of  young  chaparral  have  been  useful  in 
the  suppression  of  large  wildfires  burning  under 
extreme  conditions.   In  1979,  the  1900— ha  Monte 
Fire  in  the  Angeles  National  Forest  was  contained 
on  the  south  and  west  when  driven  by  moderate 
Santa  Ana  winds  into  areas  burned  4  years  pre- 
viously by  the  Mill  and  Pacoima  Fires.   Fire 
activity  in  the  young  age  classes  was  greatly 
reduced,  with  only  uneven  fire  spread  through    » 
grass  and  light  fuels  on  the  north-facing  slopes. 
The  southward  advance  of  the  1980  Turner  Fire  in 
and  adjacent  to  the  Trabuco  District,  Cleveland 
National  Forest,  was  halted  under  30  to  50  km/h 
winds  when  it  reached  an  age-class  boundary  of  the 
1975  Tenaja  Fire.   The  1980  Thunder  Fire  in  the 
Mt.  Baldy  District,  Angeles  National  Forest, 
burned  southward  along  San  Antonio  Canyon  under 
the  influence  of  strong  Santa  Ana  winds.   Long 
distance  spotting  into  27-year-old  chaparral  on 
the  east  side  of  the  canyon  propagated  the  fire 
and  required  sustained  fire  suppression  action. 
Spotting  into  chaparral  burned  during  the  1975 
Village  Fire  on  the  west  side  of  the  canyon  pro- 
duced only  poorly  propagating  fires  that  presented 
little  resistance  to  control.   While  even  young 
stands  of  chaparral  may  propagate  fire  under  the 
most  extreme  conditions,  both  the  resistance  to 
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Personal  communication  from  C.  Gripp,  Angeles 
National  Forest,  Flintridge,  Calif. 

4 
Personal  communication  from  M.  Stout, 

Cleveland  National  Forest,  Santa  Ana,  Calif. 

Personal  communication  from  W.  Hite,  Angeles 
National  Forest,  Glendora,  Calif. 


Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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control  and  potential  for  mid-  and  long-range 
[Spotting  are  greatly  reduced. 

These  benefits  are  particularly  valuable  at  the 
i^ild  land -urban  interface  where  a  mosaic  of  natural 
ind  planted  vegetation  often  presents  extreme  fire 
lazards.  Embers  from  large  chaparral  wildfires, 
such  as  the  highly  destructive  Stable  and  Panorama 
?ires  of  198U,  can  be  carried  a  considerable 
listance  into  the  developed  community  by  long- 

ange  spotting.   Carefully  applied  prescribed 
)urning  and  age-class  management  in  heavy  chapar- 
ral adjacent  to  the  interface  could  substantially 
reduce  this  problem.   Less  is  known  about  the 
^alue  of  prescribed  burning  where  the  fuels  are 

oastal  sage  scrub. 

Prescribed  fire  can  also  be  applied  for  the 
|)rotection  of  high-value  riparian  and  woodland 
"esources.   In  stands  of  California  live  oak 
.Quercus  agrif olia  Nee) ,  substantial  mortality  in 
■ounger  age  classes  can  occur  during  severe  wild- 
ires,  and  larger  trees  can  suffer  damage  to  the 
ambium  and  lower  stem  that  makes  them  more  sus- 
eptible  to  disease  and  insects  (Plumb  1980). 
California  black  oak  (Quercus  kelloggii  Newb.)  is 
lore  susceptible  and  can  be  largely  topkilled 
uring  wildfire.   Understory  prescribed  burning 
an  be  successfully  applied  in  stands  of  these 
pecies  to  reduce  fuel  accumulations  (Green  1980) 
nd  provide  protection  against  severe  wildfires, 
nderstory  burning  may  also  encourage  seedling 
egeneration  in  areas  of  heavy  litter  accumula- 
ion,  aid  in  the  control  of  forest  pathogens 
Parmeter  1977),  and  mineralize  nutrients  in  the 
orest  floor  litter. 

Serious  fire  hazard  problems  also  exist  in  many 
the  coniferous  forest  areas  of  southern  Cali- 
ornia.   Before  1905,  ponderosa  (Pinus  ponderosa 
aws.)  and  Jeffrey  (Pinus  jeffreyi  Grev.  and 
alf.)  pine  stands  in  the  San  Bernardino  Mountains 
ere  coursed  by  low  intensity  fires  at  a  frequency 
veraging  10  to  12  years  (McBride  and  Laven  1976). 
he  mature  overstory  was  not  readily  damaged  by 
hese  fires,  yet  fuel  accumulations  are  now  large 
nough  to  virtually  assure  destruction  of  the 
ature  stand.   Prescribed  fire  can  be  used  suc- 
essfully  to  reduce  these  accumulations,  but  care 
ust  be  taken  to  minimize  tree  damage  and  control 
he   fire. 


nhancement  and  Management  of  Watershed  Resources 


The  application  of  prescribed  fire  may  provide 
variety  of  watershed  and  wildlife  benefits, 
aremost  among  these  is  a  reduction  in  the  impacts 
f  severe  wildfires.   In  recent  years,  wildfires 
ave  frequently  burned  under  the  most  extreme 
onditions  due  to  suppression  of  low  and  moderate 
atensity  wildfires,  a  high  incidence  of  human- 
alated  ignitions  during  severe  fire  weather,  and 
possible  buildup  of  fuels  because  of  active  fire 
ippression.   Fire  frequencies  also  may  have 
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increased  in  some  areas  of  coastal  sage  at  the 
urban  interface. 

A  large-scale  age-class  management  program 
could  be  designed  to  substantially  reduce  the 
adverse  impacts  of  high  intensity  wildfire. 
Prescribed  fires  can  be  conducted  under  weather 
and  fuel  conditions  chosen  to  minimize  fire  inten- 
sity and  planned  to  encompass  specific  terrain  of 
limited  area.   Cooler  fire  temperatures  reduce 
nutrient  loss  (Dunn  and  DeBano  1977),  soil  water 
repellency  (DeBano  1981)  and  erosion  (Wells,  in 
press),  and  seed  destruction.   Prescribed  fires 
frequently  burn  only  40  to  70  percent  of  the 
vegetation  within  the  fire  perimeter,  thus  creat- 
ing both  a  diversity  of  habitat  and  more  nutrient- 
rich  browse  that  are  favorable  for  wildlife 
(Lillywhite  1977,  Bissel  and  others  1955).   The 
area  burned  within  major  watersheds  can  also  be 
controlled,  and  this  helps  to  reduce  downstream 
flooding  potential.   A  planned  sediment  management 
program  using  prescribed  fire  on  important  water- 
sheds could  be  designed  to  minimize  and  regulate 
debris  production. 

The  intensity  and  effects  of  a  prescribed  fire 
in  chaparral  may  necessarily  be  greater  than  those 
associated  with  prescribed  burning  in  coniferous 
forests  or  other  woodlands.   In  conifer  forests, 
light  ground  fires  with  flame  lengths  less  than 
1/2  m  could  be  used  to  achieve  good  fuel  reduc- 
tion.  Flame  lengths  greater  than  2  m  could  well 
be  excessive,  causing  undue  damage  to  tree  crowns 
and  boles,  and  the  forest  floor.   In  the  chaparral 
however,  flame  lengths  greater  than  2  to  3  m  may 
be  necessary  to  propagate  the  fire  and  attain 
desired  fuel  reduction.   The  amount  of  soil  heat- 
ing can  be  acceptable  since  the  duration  of  heat- 
ing is  short  and  the  alternative  is  burning  under 
wildfire  conditions  with  possibly  extreme  fire 
effects.   Flame  lengths  in  themselves  are  not  here 
a  cause  for  concern,  as  they  are  in  forest  under- 
story burning  where  canopy  damage  must  be  avoided. 


PLANNING  THE  PRESCRIBED  FIRE 
Site  Selection 

The  selection  of  sites  for  prescribed  burning 
on  the  National  forests  is  an  interdisciplinary 
process  involving  professionals  from  fire,  re- 
source, wildlife,  and  planning  disciplines. 
Priorities  are  determined  by  the  land  and  resource 
management  objectives  specified  in  the  National 
forest  management  plan.   A  prescribed  fire  may 
have  one  or  more  major  resource  objectives  related 
to  fire  hazard  reduction,  range  improvement, 
sediment  and  flood  management,  or  wildlife  habitat 
improvement.   These  objectives  are  important  in 
determining  the  size,  layout,  season,  intensitv, 
and  frequency  of  burning  in  the  prescribed  fire 
operation.   They  will  also  determine  the  propor- 
tion of  the  area  to  be  burned  within  the  planned 
perimeter.   For  these  reasons,  a  clear  statement 
of  resource  objectives  is  necessarv  for  planning 
and  evaluating  the  prescribed  fire. 
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For  example,  if  fire  hazard  reduction  is  the 
primary  goal,  the  resource  objectives  might  have 
the  following  form: 

Within  a  5-km  radius  of  residential  communities 
and  for  Santa  Ana  conditions  with  windspeeds  of 
60  km/h,  (a)  reduce  long-range  spotting  to 
distances  less  than  200  m  and  (b)  maintain  50 
percent  of  the  chaparral  with  fuels  that  will 
propagate  fire  at  a  rate  of  spread  less  than 
0.4  m/sec. 

The  fire  planner  can  use  existing  models  (for 
example,  see  Helfman  and  others  1975)  to  evaluate 
the  effects  of  different  patterns  of  prescribed 
burning  on  wildfire  behavior  in  specific  areas  of 
terrain  and  chaparral.   In  this  way,  different 
burning  options  for  the  management  area  can  be 
compared  so  as  to  determine  if  the  resource  objec- 
tives are  realistic.   When  the  primary  goals  are 
forest  protection,  flood  and  debris  control,  or 
wildlife  habitat  improvement,  similarly  specific 
resource  objectives  can  be  stated. 


Environmental  Analysis 

An  essential  step  in  planning  the  prescribed 
fire  is  the  environmental  analysis.   This  analysis 
weighs  the  possible  benefits  and  impacts  of  the 
management  action  and  outlines  mitigating  measures 
that  may  be  required .   It  serves  as  a  compendium 
of  information  on  the  vegetation,  wildlife,  sensi- 
tive or  threatened  and  endangered  species,  soils, 
and  archaeological  or  cultural  resources  of  the 
project  area. 


Project  Layout  and  Preparation 

The  size  and  extent  of  the  prescribed  fire  are 
determined  jointly  by  the  fire  management  officer 
and  the  appropriate  resource  officers.   The 
planned  fire  perimeter  is  designed  for  ease  of 
containment  within  the  framework  of  the  burning 
objectives  and  requirements  of  the  environmental 
analysis.   Often,  the  burn  can  be  easily  enlarged 
or  reduced  to  improve  the  operation  while  still 
achieving  the  planned  objectives. 

Whenever  possible,  existing  barriers  to  fire 
propagation  should  be  used  as  control  points.   Not 
only  are  existing  roads  and  fuelbreaks  useful,  but 
natural  barriers  such  as  ridge  lines,  riparian 
areas,  and  age-class  boundaries  in  the  chaparral 
can  be  used  effectively  for  containment.   Pre- 
scribed fires  are  often  conducted  under  conditions 
that  are  just  severe  enough  to  propagate  the  fire. 
Changes  in  humidity  or  topography  may  have  a 
strong  influence  on  the  rate  of  spread  and  can  be 
used  to  contain  the  fire.   The  construction  of 
artificial  control  lines  should  be  minimized  due 
to  their  high  cost  and  possible  soil  disturbance. 
Understory  burning  in  riparian  areas,  such  as 
California  live  oak  woodlands,  can  provide  an 
effective  control  line  for  broadcast  burning 
chaparral.   If  California  black  oak  or  mixed  pine 


forests  are  present  in  adjacent  areas,  they  shoiUfj 
be  understory  burned  under  low  intensity  condi- 
tions before  the  planned  chaparral  burn.   If  hijijjet 
accumulations  of  fuel  are  present  around  isolat 
groups  of  trees  within  the  planned  chaparral  fi]))rie 
perimeter,  hand  or  mechanical  clearing  in  their 
vicinity  may  be  required  to  assure  their  survivi 
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The  burning  prescription  should  be  designed 
meet  the  specific  resource  objectives  for  the 
planned  fire.   Guidelines  for  developing  a  pre- 
scription are  available  (Green  1981);  they  requ 
a  knowledge  of  the  local  fuels,  terrain,  and 
weather  behavior.   Conditions  required  to  propa 
gate  fire  and  achieve  reasonable  objectives  in 
stand  may  be  extreme  in  another.   Fuels  informal 
tion,  including  total  biomass  and  especially  thi 
dead  fuel  loading  and  live  fuel  moistures,  shoui 
be  gathered  from  a  range  of  locations  represent, 
the  different  aspects,  vegetation  types,  and 
terrain  present  within  the  fire  area.   Some  int 
pretation  of  the  available  prescription  guideli| 
may  be  necessary  since  the  important  variables 
influencing  fire  behavior  will  strongly  interac 
For  example,  an  area  with  relatively  low  dead  £  ,L 
volumes  may  require  a  prescription  with  relativ 
low  relative  humidity  and  moderate  windspeeds  1 
order  to  achieve  burning  objectives.   It  is  imp, 
tant  that  the  forest  officer  in  charge  of  the 
prescribed  fire  be  familiar  with  fire  behavior 
the  local  fuels  and  have  the  experience  to  dete 
mine  realistic  objectives  and  prescriptions. 


Its. 


,eCa 


A  knowledge  of  regional  and  local  weather 
conditions  is  imperative  for  a  successful  pre- 
scribed fire.   Foremost  is  a  knowledge  of  the 
probability  of  dangerous  fire  weather  during  oi 
after  the  burn.   High  pressure  systems  that  cr€ 
strong  Santa  Ana  winds  may  develop  rapidly,  so 
is  important  to  have  reliable  weather  forecasts! 
before,  during,  and  after  the  fire.   Local  weat 
conditions  should  also  be  monitored  for  a  minii 
of  1  week  before  the  burn,  and  the  trends  in   , 
humidity  and  wind  for  the  day  should  be  estimalj 
If  you  are  "in  prescription"  at  1000  h,  you  muiUi" 
have  a  reasonable  idea  whether  or  not  you  will'' 
still  be  in  prescription  at  1400  h. 
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When  local  fuels  and  expected  weather  condi 
tions  are  known,  fire  behavior  may  be  partly 
controlled  by  the  nature  of  the  planned  ignitiiji, 
pattern  (Martin  and  Dell  1978).   In  heavy  fuelii 
with  a  high  proportion  of  dead  material,  backii 
fires  may  be  required  to  control  the  rate  and 
progress  of  burning  and  to  contain  the  fire, 
lighter  fuels,  head  fires  or  multiple  ignitioni 
may  be  required  to  achieve  an  acceptable  fuel 
reduction  or  fire  coverage.   Areas  of  flashy  fi  . 
or  higher  dead  material  accumulations  may  be  u;! 
to  build  heat  and  propagate  fire  into  upslope 
areas  of  less  flammable  vegetation. 

The  placement  and  requirements  for  fire  sup 
pression  crews  should  be  determined  by  a  poteni 
escape  analysis  from  which  clear  action  plans  ' 
be  developed  to  control  problem  areas  in  the  f- 
The  burning  operation  for  large  fires  can  also! 


is,  ai 
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:en  Into  stages,  each  of  which  should  be 
ight  to  a  degree  of  completion  before  crews 
:eed  to  the  next . 

The  burning  objectives  should  provide  an 
issment  of  the  fire  behavior  required,  Includ- 
proportlon  of  the  area  to  be  burned,  fraction 
:he  litter  layer  to  be  consumed  and  allowable 
le  height  (in  forest  stands),  rates  of  spread, 
I  amount  of  standing  vegetation  consumed.   These 
iiors  should  be  subjectively  assessed  as  the 
ihing  operation  proceeds.   A  more  complete 
?  nation  should  be  conducted  following  the 
:  scribed  fire  to  determine  (1)  whether  resource 
);ctives  were  fulfilled,  (2)  if  any  adverse  fire 
i'cts  occurred  and  how  they  should  be  minimized 
I'uture  operations,  and  (3)  if  Improvements  are 
;led  In  ignition  patterns  and  holding  opera- 

l  IS. 


HISTORIES 

Iperational  prescribed  fires  conducted  recently 
;he  Descanso  District  of  the  Cleveland  National 
!St  have  demonstrated  that  large  prescribed 
s  can  be  conducted  safely  in  a  variety  of 
I'larral  and  woodland  communities.   Four  of 
lie,  the  Noble  Canyon,  Kitchen  Creek,  Troy 
i'on,  and  Mt.  Lag una- Flat head  Flats  projects, 
I'lstrate  the  use  of  prescribed  fire  under  a 
lety  of  conditions.   Site  characteristics  and 
iilng  conditions  of  these  fires  are  shown  in 
1  e  s  1  and  2 . 


3  6  Canyon 

he    first    large   prescribed    fire    in   southern 
i  fornia   was   the   400-ha   Noble  Canyon   Fire   con- 
i  ed    June    13-14,    1978,    at    the    beginning   of    the 
Jier   drought.      The   primary   objective   of   this 
I',   was    the    100  percent    reduction   of    the   dead 
i  s   and    fine    live    fuels    In   50   to    70  percent   of 
1  heavy   chaparral   on   the   site. 

'he   Noble  Canyon   project    presented   a  complex 
i.ation    (fig.    1).      The   site   Included   a  variety 
E  erraln  and   vegetation.    Including   steep  hill 
lies   covered   by   60-year-old   chaparral,    Cali- 
3  la    live  oak  woodlands   along   the   riparian 
3is,    and   California  black   oak-Jeffrey   pine 
3  land   along   the   upper   project    boundary. 

'reburn   treatments    included    hand    and   mechanical 
i:    construction,    understory   burning   in   the  oak 
aiunities,    and   a   few  preparatory  burns    (fig.    1). 
s  ting  or   recleared    roads   were   used   as   control 
1 'S  along   7   km  of    the   project   boundaries. 
*  lines   were   also  constructed   through   the   chap- 
r  il   over   a  distance  of    1.8  km.      The  mixed   oak- 
i     woodland   was   understory  burned   when  the 
(1  .al   grasses    there  were   still   green.      Dead 
e  es   and   needle    litter   carried    this   fire   with 
i   le    reduction   in    live   understorv   fuels. 


Figure    1 — Topographv   and    lavout   of    the   400-ha 
Noble   Canyon   prescribed    fire.      The   planned    fire 
perimeter   is   indicated   bv  cross-hatching,   and    the 
actual   burn   boundaries   are   shown  bv   the   dotted 
line.      Unburned    islands   occurred    on   the  main  hill 
slope,    and    two   out-of-bounds    fire    runs    occurred   at 
the   west    perimeter.      The    fire   perimeter    could    have 
been  easily  extended    to   the   paved   road   at    the 
lower   right   and    to   the   riparian  area  at    the   upper 
right. 


Weather   observations   prior   to   the   fire   revealed 
that    the  normal    southwesterlv  airflow  pattern, 
humidity    recovery,   and    the  marine   influence 
occurred    by    1800  h,    and    the   desert    influence   and 
low  humidities    (20   to    25  percent)    returned    at 
approximately   0200  h. 

The   prescribed    fire  was   ignited    bv   two   crews 
using  hand-held   drip   torches.      Thev  began  bv 
burning   the   upper  project   perimeter   wi th  a  backing 
fire.      Then   they  moved   down   the   flanks   and   across 
the    lower  boundarv,    burning    the    lower   reaches  and 
most    of    the   hill    slopes    with   a   head    fire.       Flame 
lengths   on    the   hill    slopes   averaged    3    to   4   m  wi th 
a   maximum   of    8   m. 

Two    small    burns   were    ignited    outside    the 
project   perimeter  by  spotting   across   areas   of 
untreated    riparian  woodland.      When   these   occurred, 
burning  crews   were  held    in  place  on   the  main   fire 
while   holding   crews    concentrated    on  control    of    the 
out-of-bounds    fires.      These  were  contained   at    a 
total    size    of    1.5    to    2   ha.      No   holding    problems 
were   encountered   where   the   woodland   understory  had 
been  previously  prescribed   burned. 

With   the  onset   of   marine    influence  at   about 
1800  h,    the   relative  humidity   rose   above   35   to   40 
percent   and    fire  could  not    be   sustained    In   the 
standing   chaparral.      Recovery  of   higher   relative 
humidity  and    lower  air   temperatures    proved    effec- 
tive   in   suppressing    fire   activity. 
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Table    1 — Site   characteristics    of    four   prescribed    fire   projects 


Project 
and   date 


Noble   Can von 
6/13-14/78 


Kitchen  Creek 
11/14-15/79 


Trov   Canvon 
4/9,    14/80 


Laguna  Mountain 
2/12 
through 
5/29/80 


Objectives 


Vegetation 


Size 


Fuelbreak 
construction 
and  fuel 
reduction 


Fire  effects 
research 


Wildlife 
habitat 
and  fuel 
reduction 

Reduce 

activity 

fuels, 

fuelbreak 

construction 


Mixed  oak-pine 
woodland  upper 
elevation 

Mixed    chaparral 
on  hill   slopes — 
Af,    Cg,    Qd 

Qag  woodland   in 
major  drainages 

Qd -dominated 
mixed    chaparral- 
Qd,   Cg,   Af, 
Ag,    CI 

Qag  woodland 
with  mixed 
chaparral    on 
hill    slopes — 

Cb,    Af,    Qd 

P.  jef freyi — 
Q.    kelloggll 
woodland  ,  _P. 
coulteri  with 
Ag  understory 


ha 

400 


Slope 


Elevation 


Aspect 


Chaparr; 
stand  a; 
(approx 


tprt 


Percent 

35  to  75  on 
hill  slopes 


'Jjve 
I  lis' 


1130  to  1600 


All,  slopes      60 
predominantly 
SW 


OS. 


60+ 


120   40  to  50  on 
hill  slopes 


140 


0  to  35 


1340  to  1580 


1280  to  1520 


1720  to  1800 


East 


N-S 

trending 

canyon 


Predominant Iv 
W-SW 


35 


i! 


35 


70 


indl 
icat 

lleh 

iarrv 

iten 

islo 

leu 


ions 


Af— Adenostoma   fasciculatum,    Ag — Arctostaphylos   glandulosa,    Cb — Cercocarpus   betuloides . 
greggil,    CI — Ceanothus    leucodermis,    Qag — Quercus    agrifolia,    Qd — Quercus    dumosa. 


Table    2 — Burning    conditions    for    four   prescribed    fires 


Cg — Ceanothu  lid 


fth( 
thf 
Mi 

itioi 

liS[ 

lies 
ioloj 
tva; 
itcke 
iipai 
usis 
«cie 
Ur 
ba 


lifor 


Ik 
nine 


Project 


Air 

Relative 

Windspeed 

emperature 

humidity 

and  direction 

V 

Percent 

km/h 

15  to  26 

28 

to 

50 

5  to  21 
NW,  morning; 
SW,  afternoon 

12  to  15 

21 

to 

27 

Wind  run — 
4,8  gusts 
to  24;  NE 

27 

25 

<8;  NE-SE 

30 

25 

to 

30 

<13;  NE-SE 

24 

38 

to 

42 

<6;  NE-SE 

13  to  22 

21 

to 

33 

10  to  16 
NW 

9  to  19 

50  to  72 

0  to  19 

in  P 

.  coulteri- 

SE-SW 

A.  g 

landulosa 

Fuel 
stick 


Live    fuel 
moisture 


Fraction  of 
chaparral  de 


Percent  


Noble  Canvon 


Kitchen  Creek 


Test  fires: 
5/21/79 
7/25/79 
8/15/79 

Troy  Canyon 


4.5  75  (Af) 


4,5  78  (Qd) 


130  (Qd) 

5.25         100  (Qd) 

88  (Qd) 

9  80  (Af) 


10  to  15+    80  to  110  (Ag) 


30 


<20 


stands 


<25 


60  to  70  in 
coulteri-A. 
glandulosa  1"" 


stands 


«ai 


1., 


See  footnote  1,  table  1,  for  kev  to  abb 


reviations , 


1i: 
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I  From  the  experience  gained  in  this  project,  it 
as  apparent  that  the  operation  could  have  been 

•mproved  in  two  areas.   First,  the  construction  of 
andlines  could  have  been  avoided  on  both  the 
outh  and  northeast  perimeters.   The  fire  could 
ave  been  easily  extended  on  the  south  to  the 
xisting  county  highway  and  an  abandoned  road 
fig.  1)  without  creating  traffic  control  prob- 
ems.   On  the  northeast,  the  perimeter  could  have 
een  extended  by  firing  along  the  canyon  bottom 
orth  to  the  Noble  Canyon  Road.   The  existing 
andline  on  the  northeast  proved  to  be  a  poor 
Dcation  for  firing  since  the  backing  fires 
gnited  there  progressed  only  poorly  do\vn  or  along 
he  hill  slope  and  the  prevailing  wind  tended  to 
arry  firebrands  across  the  line.   Firing  from  an 
xtended  line  in  the  canyon  bottom  would  have  been 
Dslope  and  in  the  lee  side  of  the  hill.   Second, 
ae  understory  of  the  live  oak  woodlands  could 
ave  been  burned  without  the  construction  of 
andlines.   Burning  under  relative  humidities 
reater  than  35  percent  and  with  higher  chaparral 
Lve  fuel  moistures  during  the  early  spring  would 
ave  effectively  contained  the  fire  at  the  wood- 
ind  perimeter. 

The  Noble  Canyon  project  successfully  demon- 
:rated  prescribed  burning  in  old  chaparral  and 
igged  terrain.   Fire  intensities  were  moderate 
id  there  were  no  serious  adverse  effects.   It 
rovided  valuable  experience  in  the  planning  and 
cecution  of  a  large  prescribed  fire,  and  demon- 
;rated  the  need  for  complete  pretreatment  opera- 
-ons,  and  the  effectiveness  of  late  afternoon 
■tmidity  recovery  in  controlling  fire  spread. 


-tchen  Creek  Research  Prescribed  Fires 


boundaries  to  provide  both  lateral  fire  contain- 
ment and  harvested  areas  for  research  purposes. 
Control  lines  2  m  wide  were  also  cleared  on  the 
strip  boundaries,  and  the  dried  brush  was  burned 
under  high  humidity  conditions. 

Burning  trials  conducted  throughout  the  late 
spring  and  summer  provided  an  opportunity  to 
observe  fire  behavior  as  live  fuel  moisture  in  new 
growth  was  reduced  from  130  to  78  percent  under 
continuously  drv  weather  conditions.   These  fires 
showed  generally  low  flame  heights  and  poor  rates 
of  spread  despite  relatively  hot  and  dry  weather 
(table  2),  and  indicated  that  relatively  hot 
prescription  conditions  and  mass  Ignition  would  be 
required  to  achieve  the  desired  fire  coverage  and 
fuel  reduction. 

Three  successful  prescribed  fires  were  con- 
ducted November  14-15,  1979  under  relatively 
severe  weather  using  a  helitorch  for  ignition 
(table  2)  (fig.  2).   Strips  measuring  approxi- 
mately 30  by  200  m  were  burned  at  the  north  end 
and  center  of  the  project  on  the  first  day.   These 
fires  were  well  behaved,  showed  slow  runs  with 
little  lateral  spread,  and  partially  (60  to  70 
percent)  burned  each  strip  after  several  passes  of 
the  helitorch. 

Wind  direction  was  from  the  northeast  so  the 
southern  or  leeward  edge  of  each  strip  was  ignited 
first,  with  successive  passes  of  the  helitorch 
moving  further  toward  the  windward  edge.   This 
ignition  pattern  gave  the  best  possible  visibility 
and  minimized  the  chance  of  burning  areas  outside 
of  the  Intended  strip.   Several  passes  of  the 
helitorch  were  required  to  build  heat  and  obtain 
good  fire  coverage. 


A  series  of  prescribed  fires  conducted  jointly 
■  the  Chaparral  Research  and  Development  Program 
the  Pacific  Southwest  Forest  and  Range  Experi- 
:nt  Station  and  the  Descanso  District,  Cleveland 
tional  Forest,  was  begun  in  the  summer  of  1979. 
lis  project  was  designed  to  provide  replicated 
res  in  mixed  chaparral  in  which  fire  effects  and 
ologlcal  recovery  processes  could  be  studied, 
was  located  on  east-facing  hill  slopes  above 
..tchen  Creek  on  southern  Laguna  Mountain.   The 
»iaparral,  last  burned  in  a  wildfire  in  1944, 
insisted  primarily  of  scrub  oak,  chamise,  and  two 
J'ecies  of  Ceanothus — C.  greggli  and  C.  leucoder- 
i£  Greene.   Standing  biomass  in  stands  of  scrub 
'k   was  18.5  MT/ha. 

Our  research  needs  required  strip  fires  on  a 
iform  slope  and  aspect,  with  the  strips  running 
i  rpendicular  to  the  contours  so  that  any  sediment 
1 vement  would  be  restricted  to  the  strip.   Hand- 
. nes  were  cut  on  an  intermediate  ridge  at  the  top 
•  the  slope,  and  some  preparation  burning  was 
inducted  on  the  flank  of  a  hanging  valley  beyond 
lis  ridge.   In  the  event  of  a  major  escape, 
<  ntalnment  could  be  made  at  the  top  of  the  main 
>dge  where  there  is  an  age-class  boundary  with 
«aparral  burned  during  1970.   Areas  30  m  wide 
're  hand  cleared  on  the  north  and  south  project 


Weather  conditions  during  the  second  dav  re- 
mained similar  to  those  of  the  first.   However, 


Figure  2 — Strip  burning  with  a  helitorch  in  mixed 
chaparral  at  Kitchen  Creek. 
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several    of   the  brush  piles   from   the  adjacent 
hand-cleared  area  were   inadvertently   ignited  by 
firebrands.      Windspeed   also   increased    to   7.5   km/h 
(gusts   to  32  km/h),    and   fire  spread   into  standing 
brush  outside  of   the  project  boundary.      During   the 
burning  operation,    the  Laguna  Hot   Shot   crew  was 
strategically  located    for   fire  control    at   the 
upper  end   of   the   project,    and   the  helicopter  used 
for   ignition  had   a  water  bucket  available   at   the 
helibase  used    for   the  operation.      When  fire  spread 
beyond   the   project   boundary,   burning  was   suspended 
and    these   crews    suppressed    the   out-of-bounds    fire. 
Fire  runs   outside   the  project   boundary  moved 
slowly  upslope  and   posed  no  control    problems. 

Our  experiences  at   Kitchen  Creek  have  demon- 
strated  the   importance   of   site    fuel   properties. 
Even  though   it   is   fully  mature,    the  mixed   chap- 
arral at   this   site  has  species   with   characteristi- 
cally  low  dead    fuel    accumulations    and    flammabil- 
ity.      Windspeeds,    humidity,    and    fuel  moisture   that 
might   produce   severe  burning   conditions    in  other 
chaparral  community   types  are  required   to   propa- 
gate fire  in  these   stands.      This   prescribed   fire 
was   successful   because  we  were   able   to  conduct  a 
series  of   burning   trials  under  successively  more 
severe  conditions  and   refine  our   prescription. 
Fire   runs   did    leave   the   intended   project   boundary 
due   to   spotting   and    increased    windspeed,    but    we 
were   fully  prepared    to  deal   with   these.      We  also 
knew   from  past   experience   in  this    fuel    type   that 
such   problems  would   not   produce  a   large   escaped 
fire.      This   project   also  demonstrated   that  a  fire 
can  often  propagate   in  a  stand   only   if   a  suffi- 
cient  amount   of  heat   is   initially   generated  by   use 
of   natural    fine   fuels  or   special    ignition   tech- 
niques  such  as   the  helitorch. 


Troy   Canyon 

A  prescribed  fire  was  conducted  along  Troy 
Canyon  on  April  9  and  14,  1980  in  order  to  reduce 
the  fine  fuels  in  the  understory  and  forest  floor 
of  a  California  live  oak  woodland,  and  to  produce 
a  mosaic  of  different  age  classes  in  the  adjacent 
mixed  chaparral  community.   The  chaparral  in  this 
area  was  last  burned  during  a  wildfire  in  1944, 
and  was  dominated  by  chamise,  Ceanothus  greggii, 
and  sc  rub  oak . 

From  past  experience  at  Noble  Canyon,  Kitchen 
Creek,  and  elsewhere  in  this  area,  it  was  expected 
that  prescription  conditions  with  low  humidity  and 
moderate  (12  to  20  km/h)  winds  would  produce 
well-behaved  fire  runs.   Humidity  recovery  late  in 
the  day  was  also  expected  to  drastically  reduce 
fire  activity,  especially  on  north-  and  east- 
facing  slopes.   This  area  was  bounded  on  the  east 
by  areas  of  low-f lammability  chaparral  and  a 
moist,  grass  fuelbreak  system,  and  on  the  west  by 
a  highway.   These  control  areas  would  effectively 
contain  any  fire  leaving  the  project  area.   For 
these  reasons,  no  control  lines  were  constructed. 

The  light  fuels  and  forest  floor  under  the  oaks 
were  ignited  by  hand-held  drip  torches.   Approxi- 
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mately  6  km  of  understory  burning  was  conductec 
over  2  days  using  a  crew  of  six  persons  for  igi 
tion  and  needed  suppression  activities.  Burnii 
was  conducted  with  a  relative  humidity  ranging 
from  20  to  33  percent  and  12  to  20  km/h  winds  < 
of  the  northwest.  Live  fuel  moistures  were  ger  *" 
ally  at  the  lowest  point  of  the  year.  Flower  1 
in  the  Ceanothus  greggii  were  beginning  to  burs 
otherwise,  there  was  little  new  growth  or  rise 
the  dormant  season  fuel  moistures  apparent. 
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Good  fire  behavior  and  results  were  achieve( 
Fire  did  carry  into  some  oak  trees,  but  it  bun 
in  the  canopy  for  less  than  10  seconds  and  lit 
damage  was  produced.  A  general  pruning  of  the 
lower  canopies  was  achieved.  A  partial  reduct 
of  the  oak  forest  floor  occurred  (fig.  3),  but 
large  input  of  fresh  oak  litter  from  scorched 
leaves  was  later  observed.  A  second  burn  in  1 
3  years  may  be  desirable  to  further  reduce  lit 
accumulations   in  the  oak  woodland. 
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The  understory  fires  were  carried  by  the  wii 
up  the  west-facing  hill  slopes  and  stopped  at 
ridge  line  with  little  carryover  onto  the  adjat 
east-facing  slope.   The  latter  slopes  were  sha 
and  apparently  had  higher  live  fuel  moistures. jj^ 
Burning  conditions  would  propagate  fire  uphill  , 
with  the  wind,  but  would  not  allow  it  to  carry  , 
down  the  opposite  slope.   These  chaparral  fire 
achieved  good  fuels  reduction  and  produced  the 
desired  mosaic  pattern.   Overall,  about  30  to  r- 
percent  of  the  chaparral  along  the  canyon  reac 
was  burned.   Burning  was  suspended  when  weathe 
forecasts  indicated  developing  Santa  Ana  wind 
conditions,  and  patrols  were  assigned  to  monit 
the  burned  area  for  possible  outbreaks. 


This  project  successfully  used  vegetation  a 
fuel  differences  on  different  aspects  and  late 
afternoon  humidity  recovery  to  effectively  con 
the  prescribed  fire.  A  substantial  area  of  oa 
woodland  and  adjacent  chaparral  was  burned  in 
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Figure  3 — Understory  burning   and   fuels   in  a  Ca 
fornia   live  oak  woodland  at   Troy   Canyon. 
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3ugh  terrain  with  only  a  small  fire  crew  and  no 
tabllshed  control  lines. 


iguna  Mountain  Understory  Burns 

The  conifer-oak  woodland  found  on  Laguna  Moun— 
iln  is  one  of  the  most  important  areas  for  recre- 
lon  and  wildlife  habitat  in  San  Diego  County. 
irge  areas  have  no  known  fire  history  and  support 
»avy  accumulations  of  forest  floor  litter  and 
)wned  woody  fuels.   The  Laguna  Mountain  area  is 
ibject  to  less  than  one  ignition  from  lightning 
ich  year,   but  Illegal  campfires  are  a  problem. 
Lldfires  in  this  area  would  be  expected  to  de- 
:roy  the  pine-oak  overstory,  and  result  in  dense 
mzanita  thickets  on  some  aspects.   A  second 
Idfire  burning  in  the  regenerated  manzanlta  and 
lung  pine  could  eliminate  the  pine  from  the  site. 

A  series  of  prescribed  fires  was  initiated  in 
le  area  north  of  the  Mount  Laguna  Air  Force 
atlon  in  February  1980  In  order  to  reduce  the 
cumulations  of  forest  floor  and  manzanlta  fuels 
1  the  woodland  and  encourage  regeneration  of  the 
lirest  species.   Stand  composition  varies  from  an 
vsociation  of  Jeffrey  pine  and  California  black 
(ik  with  some  Ceanothus  palmeri  Trel.  in  the 
tiderstory  on  more  meslc  slopes  to  open  stands  of 
fulter  pine  (Pinus  coulterl  D.  Don)  with  an 
. ctostaphy los  glandulosa  Eastw.  understory  on  the 
tier  west-facing  aspects  (fig.  4).   The  manzanlta 
.''and  is  about  2  m  high  with  a  blomass  of  19 
r/ha.   The  underlying  forest  floor  averages  8  to 
'  cm  in  depth,  and  pine  needle  accumulations  in 
e  manzanlta  contribute  to  the  stand's  flamma- 
Ulty. 

The  185-ha  project  was  subdivided  Into  nine 
ilts  ranging  from  5  to  40  ha  in  size.   Existing 
lads  and  trails  were  used  to  delineate  units 
lere  possible,  and  hand  clearing  was  used  to 
(mplete  the  control  lines.   The  most  difficult 
{escribed  burning  problem  in  this  project  was  in 
le  areas  of  Coulter  pine  and  manzanlta;  caution 
vs  needed  to  avoid  damaging  the  canopies  of  the 
cerstory  trees. 

Firing  with  hand-held  drip  torches  began  with  a 
licking  fire  ignited  along  the  top  of  the  ridge  on 
te  leeward  side  of  a  block.   Good  fire  propaga- 
ton  and  minimal  tree  damage  in  Coulter  pine 
sands  were  obtained  when  the  relative  humiditv 
*s  above  70  percent.   Below  this  value  the  fire 
Icame  too  intense,  and  hose  lays  and  handtool 
Tk  were  necessary  to  control  flame  lengths  and 
fevent  damage  to  the  tree  crowns.   Some  crown 
Jjarch  did  occur,  but  less  than  5  percent  of  the 
tjees  were  badly  damaged  or  killed.   Good  reduc- 
tion of  fine  fuels  was  achieved  in  the  manzanlta 
iii   forest  floor,  but  heavy  accumulations  of  the 
Irger  size  class  dead  material  remain.   A  second 


Figure  4 — Coulter  pine  with  manzanlta  understorv 
fuels  on  Laguna  Mountain. 


or  third  fire  is  needed  to  further  reduce  forest 
floor  and  standing  dead  material  accumulations, 
especially  after  scorched  needles  fall  and  provide 
new  ground  fuel  to  carrv  the  fire.   The  manzanlta 
is  also  rapidlv  resproutlng,  and  subsequent  fires 
could  reduce  its  densi tv  and  growth  rates. 

High  humiditv  and  low  wlndspeeds  are  required 
to  successfully  burn  mixed  conifer-chaparral 
stands  with  heaw  fuel  loadings,  vet  good  fuel 
reduction  can  be  obtained  in  these  areas  with 
minimal  overstorv  tree  damage.   Repeated  burns  mav 
be  necessary  to  achieve  desired  fuel  reductions 
and  wildfire  protection  for  these  valuable  areas. 


CONCLUSIONS 

Prescribed  fire  is  an  important  chaparral 
management  technique  that  mav  be  used  to  meet 
resource  objectives  including  fire  hazard  reduc- 
tion, wildlife  habitat  Improvement,  sediment 
management,  and  the  reduction  of  adverse  wildfire 
effects.   It  may  be  used  successfullv  in  a  varietv 
of  chaparral  fuel  types  and  weather  conditions. 
Successful  prescribed  fires  require: 

°   Management  bv  an  experienced  fire  management 
officer 


Personal  communication  from  D.  Studebaker, 
t^veland  National  Forest,  Alpine,  Calif. 


°  Knowledge  of  stand  fuel  characteristics,  par- 
ticularly the  proportion  of  fine  dead  fuels,  total 
fuel  loading,  live  fuel  moisture,  and  the  changes 
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In  fuel  properties  In  different  chaparral  commu- 
nity types 

"  Knowledge  of  expected  weather  behavior. 
Including  diurnal  patterns  of  relative  humidity, 
onset  of  desert  Influence  conditions,  dally 
changes  In  wind  direction,  and  especially  the 
likelihood  of  severe  burning  conditions 

°  Knowledge  of  differences  in  fuels  and  micro- 
climate with  terrain.  Including  north-  and  south- 
facing  slopes  or  trends  with  elevation 

°   Consideration  of  transient  (nonsteady  state) 
fire  behavior,  including  the  use  of  special  Igni- 
tion techniques  and  light  fuels  to  control  fire 
spread  and  activity 

Careful  planning  of  fire  control  lines  along 
natural  features  such  as  ridge  lines,  fuel-type 
boundaries  (for  example,  conifer— oak  woodland  or 
riparian  woodland  with  chaparral),  and  chaparral 
age-class  boundaries;  or  the  use  of  weather  and 
fuel  conditions  to  contain  the  fire 

The  Laguna-Morena  Demonstration  has  been  a 
focal  point  for  development  and  refinement  of 
prescribed  burning  techniques  in  the  chaparral. 
Careful  application  of  prescribed  fire  and  the 
knowledge  acquired  here  has  the  potential  for 
substantial  resource  benefits  in  chaparral 
throughout  California, 
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fe  of  the  Helitorch  in  Prescribed  Burning  on 
6  Mendocino  National  Forest' 


nny  Bungarz^ 


Since  the  early  1940' s  prescribed  fire 
IS  been  used  as  a  management  tool  on  the 
"indstone  Project  on  the  Mendocino  National 
hrest  in  Northern  California.   The  Grind- 
;one  Project  is  a  chamise-chaparral  area  of 
i5  square  miles  managed  for  wildlife,  water- 
led,  range,  and  fire  management  objectives. 
• 

The  Grindstone  Project  evolved  out  of  a 
'.rious  need  to  manage,  or  at  least  control, 
\.e    thick,  massive  stands  of  brush  that  created 
itastrophic  fire  conditions.   The  disastrous 
'Rattlesnake  Fire"  of  1953,  which  claimed  13 
ves,  focused  attention  on  the  intensity  of 
jie  problem. 

The  project  site  was  chosen  for  several  rea- 
ins.  The  vegetation,  climate,  topography,  and 
•11  conditions  resemble  other  areas  along  the 
iterior  valley  slopes  of  California.   An 
ually  important  consideration  was  whether 
le  area  could  be  managed  in  a  way  that  not 
ily  met  the  needs  of  forest  and  range  re- 
lurces ,  but  would  reduce  wildfires  as  well. 
e  Grindstone  Project  originated  in  the  Grind- 
one  and  Rattlesnake  drainages  on  the  east 
.ope  of  the  California  Coast  Range  Mountains 

northern  Glenn  and  southern  Tehama  counties. 

Years  of  research,  experimentation,  admini- 
, ration,  and  application  of  brushland  manage- 
tnt  techniques  in  the  area  have  improved  wild- 
.fe  habitat  and  grazing  for  cattle,  increased 
ter  yields,  and  reduced  the  threat  of 
irious  fire  situations. 


Abstract:   Prescribed  fire  has  been  used  as  a 
tool  for  improving  wildlife  habitat  range  and 
water  yield  and  reducing  the  vegetative  fuel 
loading  in  chamise  chaparral  on  the  Grindstone 
Project,  ■  Mendocino  National  Forest,  California, 
since  the  1950's.   In  1979  the  helitorch,  a 
helicopter-borne  ignition  device, was  introduced 
to  the  project, which  increased  the  amount  of 
acres  burned,  allowed  burning  on  more  days, and 
decreased  costs.   Policies  and  procedures  for 
the  use  of  this  new  tool  were  developed  for 
both  prescribed  burning  and  as  a  backfiring 
tool  on  wildland  fires. 


stone  Project  have  set  the  stage  and  served  as 
guidelines  for  all  those  with  an  interest  in 
and/or  decision  making  responsibility  for  simi- 
lar projects. 


COOPERATION  OF  OTHERS 

Back  in  the  1950's  and  1960's,  the  United 
States  Forest  Service  managed  and  disposed  of 
the  heavy  brush.   In  the  1970's,  the  California 
Department  of  Fish  and  Game,  and  the  Glenn 
County  Fish  and  Game  Commission  joined  forces 
with  the  Forest  Service  to  identify  the  most 
suitable  uses  and  the  benefits  that  could  be 
derived  from  the  land  and  its  resources. 

In  1973,  a  new,  expanded  cooperative  program 
focused  on  rebuilding  past  accomplishments  and 
reemphasizing  wildlife,  grazing,  watershed,  fire 
management,  and  recreation  needs.   At  that  time, 
the  Grindstone  Project  became  a  coordinated 
effort  between  the  California  Department  of  Fish 
and  Game,  the  County  of  Glenn,  local  ranchers, 
and  the  Mendocino  National  Forest. 

Today,  this  joint  venture  has  expanded  be- 
yond Grindstone  Canyon.   It  now  includes  the 
California  Department  of  Forestry,  Bureau  of 
Land  Management,  Soil  Conservation  Service, 
other  counties  and  many  private  landowners. 
Everyone  with  an  interest  or  responsibility 
in  the  program  works  together  to  reach  common 
objectives . 


In  addition  to  the  Forest  Service,  other 
•operators  are  involved  in  carrying  out  the 
■iginal  objectives  of  the  program.   The  objec- 
.ves  that  have  been  spelled  out  for  the  Grind- 


'resented  at  the  Symposium  on  Dynamics  and  Man- 
•ement  of  Mediterranean-type  Ecosystems, 
me  22-26,  1981,  San  Diego,  California. 

'Ire  Management  Officer,  Mendocino  National 
>rest,  U.S.  Forest  Service,  Willows,  California 
)988 


TREATMENT  METHODS 

Fire  has  always  played  a  vital  role  in  the 
Grindstone  Project.   By  1973,  some  2,500  acres 
of  brush  had  been  converted  to  grass,  at  a  cost 
of  85  dollars  per  acre.   Controlled  burning  of 
small  patches  of  brush,  called  "sprout  burning", 
has  enhanced  wildlife,  range,  and  watershed  con- 
ditions.  Through  "sprout  burning,"  old  brush- 
fields  have  become  open  stands  of  young  brush, 
grass,  and  forbs. 


«  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
x  -inient  Station,  Forest  Service,  U.S.  Deoartment  of  Aenculture;  1982. 
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The  handheld  drip  torch  served  as  the  primary 
fire  starter,  and  the  construction  of  fire  lines 
enabled  control.   Through  experimentation  a  less 
expensive  technique  for  controlled  burning  of 
brush  was  adopted.   This  technique,  known  as 
"prescribed  burning,"  uses  weather  factors- 
wind,  temperature,  humidity— to  determine  the 
size  of  the  burn.   This  has  eliminated  the  need 
for  costly  fire  lines.   Prescribed  burning  to 
reach  resource  objectives   is  done  under  care- 
ful supervision  and  only  when  specific  weather 
conditions  prevail.   By  the  mid-70' s,  burning 
brush,  without  converting  to  grass,  cost  between 
10  and  30  dollars  per  acre. 

The  Grindstone  Project  could  actually  be 
called  a  "pilot  area."   The  advances  in  fire 
technology  learned  and  practiced  here  can  be 
applied  in  Southern  California,  as  well  as 
other  parts  of  the  country.   The  Mediterranean- 
type  climate  and  heavy  brushfields  also  make 
the  Grindstone  a  test  area  for  other  parts  of 
the  world  where  conditions  are  similar. 


HELITORCH  IN  PRESCRIBED  FIRE 

The  helitorch,  a  newly  introduced  fire  start- 
ing device   suspended  under  a  helicopter  was 
brought  to  the  Grindstone  Project  in  March  1979. 
This  was  the  first  use  of  this  airborne  tool  for 
burning  chaparral  brush. 

The  helitorch  consists  of  an  aluminum  frame, 
55-gallon  barrel,  pump, and  ignition  device.   The 
fuel  used  is  a  mixture  of  regular  gas  and  fuel 
thickener,  which  forms  "gelgas."   The  pilot 
activates  the  pump  and  ignition  device  which 
spreads  the  "gelgas"  on  the  ground  in  golf  ball 
size  drops  and  ignites  the  brush. 

The  helitorch  was  tested  on  the  Grindstone 
Project  to  determine  whether  it  could  improve 
the  efficiency  of  existing  burning  methods. 
Under  rigid  test  conditions,  the  helitorch  proved 
it  not  only  had  a  place  in  prescribed  burning, 
but  had  the  capability  of  being  used  in  control- 
ling wildfire  as  well.   This  testing  on  the 
Mendocino  National  Forest  led  to  the  develop- 
ment of  policies  and  procedures  for  use  of  the 
helitorch  in  prescribed  burning  and  wildland 
fires. 

The  cost  and  effectiveness  of  the  helitorch 
greatly  exceeds  that  of  handheld  torch  burning 
methods.   In  March  1980,  1,700  acres  of  brush 
were  burned  in  one  day.   Normally,  fire  crews 
using  the  conventional  method  would  require  an 
entire  season  to  treat  that  much  brush.   Not 
only  is  prescribed  burning  less  costly  with  a 
helitorch,  5  to  7  dollars  per  acre  -  it  is 
more  efficient  and  not  as  risky  as  brush  burn- 
ing by  hand.   The  helitorch  can  ignite  brush 
when  conditions  are  wetter  than  normal,  and  this 
tool  also  permits  the  use  of  prescribed  fires  in 
areas  previously  declared  unsafe  or  inaccessible. 
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MAJOR  OBJECTIVES  -  BENEFITS  AND  ACCOMPLISHMENTS 

1.  To  improve  habitat  conditions  and  increase 
wildlife  populations. 

Big  and  small  game  have  prospered.   For  ex- 
ample, it  is  estimated  that  the  Alder  Springs 
Deer  Herd  population  increased  by  300  percent 
between  1973  and  1979. 

2.  To  increase  the  grazing  capacity  of  the  range 

Through  burning,  old  fields  of  brush  are  con- 
verted into  open  stands  of  brush  and  grass.   More 
than  1,500  pounds  of  forage  are  produced  on-site 
annually.   One  cow  can  feed  on  two  burned-over 
acres  for  a  month. 

3.  To  increase  the  quantity  of  water. 

Prescribed  burning  increases  run-off  by  100, 0( 
gallons  per  acre  per  year.   Part  of  the  increase 
comes  as  run-off  in  the  winter;  part  as  an  ex- 
tended flow  into  the  dry  summer.   The  results  arc 
increased  year-round  springs,  more  water  being 
stored  off-site  in  reservoirs  for  longer  water 
flow  periods. 


ii; 


4.  To  reduce  the  threat  of  catastrophic  wildfire 

After  brush  has  been  treated,  wildfire  can  be 
controlled  quicker  and  easier,  with  increased 
safety  afforded  to  the  firefighters. 


5.  To  involve,  communicate  with,  and  develop  an 
understanding  among  interest  groups  and  cooper-  jjii! 
ators . 
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Working  relationships,  efficiency,  knowledge, 
and  decision-making  capabilities  among  these 
groups  have  improved. 

6.  To  provide  a  demonstration  area  where  people 
can  be  trained  in  the  use  of  prescribed  fire  in 
brush  lands,  in  burning  without  control  lines, 
and  in  helitorch  techniques, and  where  cost- 
effectiveness  of  these  techniques  can  be  tested. 

Hundreds  of  people  have  been  trained  on  the 
Grindstone  Project.   The  cost-effectiveness  of 
the  various  techniques  used  here  has  been  moni- 
tored.  The  application  and  economic  evaluation 
these  new  skills  is  now  being  tested  elsewhere. 

7.  To  enhance  recreation  enjoyment. 


Hunting  and  fishing  opportunities  increase  wi|J(iiij 
improved  habitat  and  watershed  conditions.   Equ> 
ly  important  is  improved  access  and  esthetic 
qualities  of  the  landscape. 


8.  To  achieve  a  favorable  cost-benefit  ratio  foi 
the  project. 

Analysis  completed  for  a  five-year  study  per: 
(1974-1979)  concluded  that  resource  management 
benefits  derived  from  the  Grindstone  Project 


)taled  638,082  dollars.   This  equated  to  a 
85  dollar  return  for  each  1  dollar  invested. 


Pinecrest  Fire  -  Angeles  National  Forest, 
September  lA ,  1979 


iXITORCH  IN  WILDLAND  FIRE  SUPPRESSION 

The  Pacific  Southwest  Region  of  the  Forest 
rvice  selected  a  committee  of  land  managers 
id  fire  management  personnel  to  develop  a 
iSting  and  evaluation  procedure  for  use  of  the 
ilitorch  during  the  1979  wildfire  season  in 
llfornia. 

The  Committee  recommended  that  two  Forest 
Tvice  helicopter  modules  be  equipped  and 
ained  to  operate  with  the  helitorch  for  the 
f79  fire  season. 

Helicopter  crews  on  the  Mendocino  National 
[rest  and  the  Cleveland  National  Forest  were 
;Osen  as  the  first  two  crews  due  to  their 
(perience  with  the  torch  during  the  spring 
).escribed  burning  season  and  their  location 
:  the  state  (one  north,  one  south). 

The  Committee  developed  testing  and  evaluation 
|ocedures  requiring  a  trained  Firing  Boss  with 
Ilitorch  experience  and  a  Fire  Behavior  Officer 
(  each  fire  at  which  the  torch  was  to  be  used. 
J helitorch  firing  plan  and  fire  weather  read- 
;  gs  had  to  be  prepared  before  the  torch  could 
I  deployed. 

The  Committee  also  required  that  the  Helitorch 
Jring  Boss  have  positive  control  of  the  heli- 
1  rch  on  firing  runs  by  means  of  an  exclusive 
idio  frequency  and  visual  contact  during  each 
in.   This  resulted  in  a  second  helicopter  being 
led  as  the  observation  platform  for  the  Heli- 
irch  Firing  Boss.   Safety  regulations  would 
It  allow  the  firing  boss  to  ride  in  the   eli- 
cpter  carrying  the  helitorch. 

The  hielitorch  was  first  used  on  a  wildfire  on 
le  Nacimiento  Fire  on  the  Los  Padres  National 
Irest  on  September  4,  1979.   It  was  subsequently 
led  on  six  more  wildfires  in  California  during 
le  1979  fire  season. 


Used  to  burn  out  areas  inaccessible  or  unsafe 
to  do  by  hand  methods,  40-60  acres.   Burned 
ground  fuels,  did  not  burn  canopy.   Burn  con- 
sidered a  success. 

Pinecrest  Fire  -  Angeles  National  Forest, 
September  15,  1979 


Burned  islands  of  brush  under  Mt . 
fire  made  its   initial  run. 


Wilson  after 


Sage  (Monte)  Fire  -  Angeles  National  Forest, 
September  16,  1979 

Used  helitorch  to  assist  backfiring  around  Mt . 
Gleason  Complex.   Ignited  100  acres  of  chamise 
to  draw  fire  away  from  buildings.   Very  success- 
ful.  Changed  wind  direction  and  increased 
wind  from  10  to  20  miles  per  hour.   Observed  by 
a  number  of  City,  County  and  California  Depart- 
ment of  Forestry  Firemen.   Also  fired  about  1/2 
mile  on  preconstructed  firebreak.   Very  success- 
ful operation. 

Sage  Fire  -  Angeles  National  Forest, 
September  17-18,  1979 

Assisted  in  firing  handline.   Fire  jumped  line, 
used  helicopter  for  water  dropping  and  medivac. 

Santa  Ana  Fire  -  San  Bernardino  National  Forest, 
September  19-21,  1979 

Assisted  in  hand  line  fire  out  operation.   Mod- 
erate success  due  to  Recon  Helicopter  unavail- 
ability.  Burned  out  four  miles  of  fire  line  in 
nine-year  old  brush.   Used  600  gallons  of 
jellied  gas.   Incident  Commander  said  helitorch 
reduced  manning  that  fire  line  by  one  full 
shift. 

Otay  Fire  -  California  Department  of  Forestry, 
San  Diego  County,   September  21,  1979 

Helitorch  used  on  about  500  acres  of  burnout. 
California  Department  of  Forestry  Firing  Boss 
said  results  were  very  good. 


>mmary 

Following  is  a  summary  of  the  helitorch  use: 

tcimiento  Fire  -  Los  Padres  National  Forest, 
iptember  4,  1979 

Burned  100-150-acre  island  of  chamise  across 
a  steep  canyon  from  the  fire  line.  Success- 
ful burn.   Many  firemen  were  able  to  observe. 


It  was  apparent  during  the  testing  and  evalua- 
tion period  that  the  helitorch  gives  the  wildland 
fireman  more  ability  to  ignite  backfires  or  to 
burnout  where  it  is  impossible  or  unacceptably 
unsafe  to  fire  by  conventional  methods.   It  also 
provides  a  much  more  rapid  method  of  ignition 
which  allows  the  fireman  to  take  advantage  of 
favorable  weather  conditions    (i.e.  wind  direction 
and  speed,  humidity,  etc.). 

In  prescribed  burning  with  limited  permissive 
burn  days,  the  helitorch  makes  it  possible  to 
burn  more  area  per  burn  day,  and  to  burn  in  a  more 
favorable  prescription. 
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After  a  successful  testing  evaluation  period  were  accepted  and  made  policy  by  the  Regional 

the  Regional  Helitorch  Committee  met  and  recom-  Forester  on  December  21,  1979. 
mended  that  the  helitorch  be  declared  an  opera- 
tional tool  for  use  in  prescribed  burning  and  Further  information  on  the  use  of  the  helitor 

wildfire  in  California  with  a  minimum  of  restric-  in  prescribed  burning  and  wildfire  can  be  obtain 

tions  and  conditions.   The  Committee  also  recom-  by  contacting  DENNY  BUNGARZ,  Fire  Management  Off 

mended  that  nine  helicopter  modules  be  equipped  icer,  Mendocino  National  Forest,  420  East  Laurel 

and  trained  to  operate  the  torch  during  the  1980  Street,  Willows,  California  95988,  phone  (916) 

wildland  fire  season.   These  recommendations  934-3316. 
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bchanical  Treatment  Impacts  to  Cultural 
^sources  in  Central  Arizona:  The  Marden 
:ush  Crusher^ 

I  Scott  Wood^ 


Abstract:     Forest  Service  management  practices 
have  the  potential    for  impacting  cultural 
resources   in  a  variety  of  ways,    ranging   from 
complete  removal    to  alteration  of   the  environmen- 
tal   context  of  prehistoric  or  historic  proper 
ties.     Much  of  this  impact   is  derived   indirectly 
from  activities  designed  not  so  much   to  manage 
the  land  surface   (the  location  and  contextual 
matrix  of  cultural    properties)   but  the  vegetation 
on  that  surface.     This  study  examines  one  such 
activity--brush  crushing--and  its  effects  on 
archeological    site  integrity.     Although  much 
remains   to  be  done,   it  demonstrates   that  mechani- 
cal  manipulation  of  vegetation  has  the  potential 
for  serious  disruption  of  cultural    resources. 


Cultural    resources  are  usually  defined  as  the 
Ications  and  contents  of  prehistoric  and  his- 
tric   archeological    sites,    historic   buildings  and 
sttlements,   and  areas  which  were  the  scene  of 
ioortant  historic   incidents,    such  as  battle- 
f?lds  or  exploration   routes.     This  definition   is 
1  gaily  adequate  for  management  purposes,   but 
d?s   not  take  into  account  the  value  of  these 
pDperties.     First  of  all,    they   represent  the 
h;tory  and  cultural    heritage  of  the  nation-an 
iDortant  value  in  and  of  itself.     However,   the 
pimary   importance  of  cultural    resources   is  that 
t?y  are  the  physical    remains  of  former  times. 
T?y   represent  the  interaction  of  humans  with 
n:ural    and  cultural    environments.     By   necessity, 
t?n,    they  contain  representations  of   the  rela- 
t)nships  within  and  between  cultural /technologi- 
c     systems  and  environmental    systems.      In  other 
W'ds,   cultural    resources  can  provide  us  with 
i'ormation  on  the  development  of  human  social, 
e)nomic,    political,    and  technological    adap- 
ts' ons   to  changes   in  demography  and  natural 
e-ironment.     They  can  also  provide  us  with 
i'ormation  on  environmental    conditions  at 
v-ious  times   in  the  past  and  on  the  extent  to 
w  ch  environmental    changes  and  present  con- 
d.ions  may  have  been  affected  by  human  acti- 
v.y.     They  do  this  by  virtue  of  their  being 
exposed  of  cultural    and  natural   materials  which 
Ci  be   shown  to  be  associated  in  both   space  and 
tie.     Thus,   besides   documenting  the  development 
0  cultural    systems,    they  also  document  the 
dielopment  of  environmental    systems,   both  of 
wich  can  be  useful    as  baseline  or  comparative 
di  a  for  the  management  and  use  of  those  same 
eiironments   today.     That  is,    they  could  if  land 
TOagers  and  other  resource  specialists  would 
btin  to  take  cultural    resources  management  and 
aiheological    research   seriously. 


^Presented  at  the  Symposium  on  Dynamics   and 
Miagement  of  Mediterranean-Type  Ecosystems, 
Jie  22-26,   1981,    San  Diego,   California. 

^Assistant  Forest  Archeologist,   USDA  Forest 
S<vice,   Tonto  National   Forest,   Phoenix,   AZ 
8!  38. 


Present-day  management  of  cultural    resources 
on  the  National    Forests  of  the  United  States   is 
not  directed  toward  the  recovery  and  use  of   these 
kinds  of  data,   despite  the  long-demonstrated 
similarity   (at  least  in  the  Southwest)   between 
prehistoric   land  use  patterns-some  of  which   suc- 
ceeded and  many  of  which   failed-and  historic  and 
modern  American  land  use  patterns.      Instead,   the 
job  of  cultural    resources  management  in  the  U.S. 
Forest  Service  is  to  integrate  cultural    resources 
protection  from  damage  and  loss  with  the  more 
production-oriented  management  activities  of   the 
Forests  and  their  users.     This  job  consists  pri- 
marily of  identifying  the  cultural    resources  of  a 
Forest  and  then  working  out  ways   to  avoid 
damaging  or  destroying  them  while  attempting  to 
manage  other  resources. 

Direct  impacts  to  the  land  surface,   and  thus 
to  the  cultural    resources  on  and  below  that  sur- 
face,  are  easy   to  see  and  understand.     Any   form 
of  construction  or  resource  exploitation  which 
involves  the  removal,   relocation,   or  compaction 
of  soils,    sediments,   or  mineral   materials,   or 
which   require  the  modification  of  existing 
topography,   has  the  potential    to  damage,   destroy, 
or  remove  cultural    properties  and/or  their  arti- 
factual    content.     Even  the  relocation  of   features 
and/or  artifacts  can  significantly  alter  an 
archeological    site,   since  it  is  from  the  spatial 
arrangement  of  artifacts  and  other  cultural    and 
non-cultural    materials   in  surface  and   subsurface 
topographic  contexts  that  behavioral    and  environ- 
mental   patterns   are  identified.     These  patterns 
constitute  the  primary   informational    content  of 
any  prehistoric   or  historic  archeological    site. 
Since  the  goal    of  cultural    resources  management 
on  Federal    lands   is  ostensibly  to  protect  and 
preserve  this   information,   protection   from 
impacts   should  be  directed  at  preserving   the 
integrity  of  behavioral    contexts.     Damage  to 
individual    artifacts  is  one  type  of   impact  to  the 
data-producing   value  of  a  site,   and,   as  such,    it 
merits   study  and  prevention   (c.f.   Gallagher 
1978).     However,   it  appears   to  be  less  of  a  fac- 
tor in  data  loss   than  dislocation,   as  the  pat- 
terns of  behavior  involved   in  making  an  artifact 
are  much   simpler  and   less   informative  about 
human  organization  and  adaption  than  are  the 


Qe  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
EX'iment  Station    Forest  Sprvirp    I'  "s    Dpnnrtmpnt  of  Acriciilture;  1982. 
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behaviors  which  resulted  in  the  eventual  location 
of  that  artifact  and  its  associations  with  other 
natural  and  cultural  materials.  It  has  been 
demonstrated  by  several  experiments  (DeBloois, 
Green,  and  Wylie  1974,  Gallagher  1978)  that  trac- 
tor travel  over  an  archeological  site  is 
extremely  destructive  to  surface  artifact  spatial 
relationships  and  locations;  markedly  more  so 
than  to  artifact  integrity.  Thus,  surface 
disturbances  such  as  roadbuilding,  log  skidding, 
scarification,  fencebuil  ding,  machinery  opera- 
tions, pipeline  trenching,  posthole  digging, 
stock  tank  construction,  parking  lots,  recreation 
areas,  etc.  are   all  activities  or  facilities 
which  could  damage  or  destroy  the  contents  and 
context  of  any  cultural  property  they  encoun- 
tered. Less  obvious  potential  impacts  can  also 
result  from  activities  not  specifically  designed 
to  modify  the  land  surface,  but  rather  to  modify 
the  vegetative  cover  of  that  surface.  Examples 
of  such  practices  include  chaining,  juniper 
pushing,  crushing  or  "roller  chopping"  as  it  is 
sometimes  known,  burning,  and  the  use  of  her- 
bicides in  order  to  either  change  the  composition 
of  the  vegetation  or  to  eliminate  or  reduce  cover 
to  lessen  fuel  accumulation  risks  for  fire  mana- 
gement. 

Several  of  these  activities  would  seem  to  pre- 
sent fairly  straightforward  dangers  to  cultural 
properties.  The  violent  uprooting  of  trees  by 
chaining  will  necessarily  damage  any  cultural 
features  that  might  have  trees  growing  on  or  near 
them.  Others  are  less  apparent  or  are   indirect; 
both  burning  and  herbicide  use,  by  removing 
cover,  may  initiate  erosion  that  could  damage 
cultural  properties.  In  addition,  burning  will 
destroy  most  standing  historic  structures,  many 
of  which  are   built  primarily  out  of  wood,  and  it 
may,  under  certain  circumstances,  affect  the  abi- 
lity of  some  heat-sensitive  cultural  materials  to 
be  dated.  Because  of  the  lack  of  information 
about  the  effects  of  these  vegetation  manipula- 
tion practices,  current  Forest  Service  management 
policies,  at  least  in  the  Southwest,  generally 
assume  that  they  will  either  damage  cultural 
resources  or  that  their  indirect  effects  are   not 
substantially  more  of  a  threat  than  natural  pro- 
cesses. Thus,  it  is  possible  that  some  damages 
are  being  overlooked  while  other  activities  which 
may  do  no  damage  are   being  restricted.  To  pro- 
vide efficient  management  of  all  resources,  it 
would  be  best  to  know  just  what  kinds  of  impacts 
can  be  expected  from  any  particular  kind  of  acti- 
vity. It  was  in  this  context  that  the  Prescott 
National  Forest  in  Arizona  requested  a  study  of 
the  impacts  to  be  expected  from  their  extensive 
and  continuing  program  of  chaparral  conversion  by 
mechanical  treatment-speci fical  ly,  the  use  of  the 
Harden  Brush  Crusher. 

Little  systematic  observation  of  mechanical 
treatment  impacts  to  cultural  resources  has  been 
made  to  date,  other  than  for  several  of  the  more 
obvious  ones-chaining  (DeBloois,  Green,  and  Wylie 
1974)  and  scarification  {Gallagher  1978).  No 
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study  had  been  made  for  treatments  specific  to 
the  chaparral    vegetation  type  prior  to  this  one 
The  purpose  of   this  study,   therefore,  was  to 
develop  and  describe  a  procedure  by  which  any 
mechanical    impact  to  surface  or  subsurface 
features  and  artifacts  could  be  defined,   and  atlni 
the  same  time  to  identify  the  impacts  of  brush 
crushing  on  cultural    properties.     Specifically, 
three  types  of  cultural    property  were  selected  ] 
be  observed  for  effect:     surface  artifact 
scatter,   surface  (low  relief)  architectural 
features,   and  subsurface  artifactual   materials 
This  study  was  made  in  the  simplest  manner 
possible,   by  means  of   "before  and  after"   obser 
vational    tests. 
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The  area  utilized  for  this  study  was  a  60  aci  act 
parcel    of  Prescott  National    Forest  land,   locate  it 
on  the  Walnut  Creek   Ranger  District  of  that 
Forest  near  its  Camp  Wood  Administrative  Site. 
This  area  had  been  selected  for  conversion  from 
chaparral    to  a  grass  type  vegetation  and  was  sui 
veyed  for  cultural    resources  clearance  in  1978 
(Wood  1978).     The  archeological    survey  also 
served  to  identify  properties  suitable  for  a  te!||(t 
of  the  impacts  to  be  expected  from  the  mechanici 
treatment  proposed  for  the  parcel.     The  remaind^tj 
of  this  paper  will    describe  the  results  of  the 
impact  study  carried  out  by  myself  and  Harlow 
Yaeger  of  the  Prescott  National   Forest  in  1979 
(Wood  and  Yaeger  1978,   Wood  1979). 
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Vegetation   in  the  study  area  was  primarily 
turbinella  oak   and  manzanita  chaparral   with  a 
discontinuous  overs tory  of  alligator  juniper, 
Emory  oak,   and  an  occasional    pinyon,   broken  by 
stringers  of  ponderosa  pine  in  the  basins  and 
drainages.     The  chaparral    understory,   locally 
quite  dense,   also  contained  some  mountain  maho- 
gany,  Fendler  ceanothus,   datil   yucca,   silktassel 
beargrass,   prickly  pear  and  mammilaria  cactus, 
and  occasional    patches  of   ring  muhly  and  grama 
grasses.     Substrate  in  this  hilly  area  was  pri- 
marily  decomposed   granite,    ranging   from  rocky 
residual    clay   sediments  to  more  homogenous  loamj 
colluvium.     Bedrock   outcrops  of  granite  were 
common. 


The  conversion  project  which  took  place  in  tl 
study  area  involved  the  use  of  a  Harden  Brush 
Crusher,  a  non-motorized  device  consisting  of  tv 
slightly  offset  tandem  rollers  fitted  with  har- 
dened alloy  "paddlewheel"  blades.  It  is  gen- 
erally pulled  as  a  trailer  by  a  large 
bulldozer-type  tractor.  The  twelve  blades  on 
each  roller  are  of  two  different  widths,  pro- 
viding an  uneven  gait,  and  the  offset  between 
rollers  provides  for  additional  churning  of  the 
surface  and  a  variation  in  blade  angles  at  con- 
tact. The  combination  of  these  features  and  a 
gross  weight  of  44,000  pounds  (20,000  kg)  result 
in  the  rapid  removal  of  chaparral -type  plants 
However,  this  device  can  operate  only  in  rela 
tively  low-slope  areas  without  a  substantial  tn 
canopy,  and  where  the  ground  surface  is  free  of 
exposed  bedrock   or  talus.     Rocky  surfaces  tend  1jfc 
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11    and  break   the  blades.     Thus,   its   normal 
eration  will   often  leave  a  pattern  of   irregular 
tches  of  crushed  and  uncrushed  stands  of  brush, 
fleeting  variation   in  topography  and  substrate. 

PLEMENTATION   AND  DESIGN 

Surface  artifacts  and  architectural    features 
cultural    properties   in  central   Arizona  have  a 
ng  history  of  disturbance  and  nxjdification  by 
Irious  land  use  practices,    including  grazing, 
(rming   (in   some  areas,   for  nearly  2000  years), 
Igging,  mining,    recreation,   vehicle  travel,   and 
Ithunting   (the  deliberate  vandalism,   destruc- 
3n,   and  looting  of  archeological    sites).     Added 
this   is  an  even  longer  history  of  natural 
Dacts  such  as  weathering,   erosion,    soil   move- 
it,   and  alluviation  all   of  which   serve  to  alter 
;  physical    characteristics  and/or  locations  of 
Itural    materials.     Sites   located  on  hills  or  on 
illow  soils  are  especially   subject  to  this  form 
[alteration  of  behavioral    contexts   (McGuire 
'7).     Nevertheless,   a  Marden  blade  applies  a 
:isiderable  amount  of  force,   and   so  must  be 
S')ected  to  have  at  least  the  potential    for 
I'ing  at  least  as  much  of  an  effect  on  the 
{•uctural    integrity  of  artifacts  and  features  as 
I"  of  the   "recognized"   impacts. 

In   response  to  the  problems  and  values  dis- 
used here,   this  study  was  designed  to  test  what 
i| eared  to  be  the  two  most  critical    potential 
iracts  expected  from  the  use  of  the  brush- 
:isher:      surface  artifact  and  architectural 
l"placement  and   subsurface  artifact  breakage  and 
liplacement,   taken  as  an  indicator  of  all    sub- 
iiface  impacts. 

Surface  artifact  damage  was  also  recorded   in 
.\   form  of  breakage,   used  as  a  simple  means   to 
'(resent  all    the  various  potential    types  of  phy- 
lial    alteration  which  could  be  regarded  as 
laage  to  the  informational    content  of  a  site. 

:   \t  this   stage  in  the  development  of   impact 
■tdies,    it  was   felt  best  to  emphasize  the  obser- 
aion  and  assessment  of   dislocation   impacts   to 
■h  presence,   absence,   and  distribution  of 
utural   materials  and  architectural    features, 
i  :e  these  factors   relate  directly  to  a   site's 
Civi oral /informational    integrity.     A  study  of 
h;   type,   while   it  may   not  be   suitable   for  quan- 
i  ed  predictions,   will    nevertheless  allow 
e^ral izations   to  be  made  concerning  the  type  of 
niicts   to  be  expected  in  surface-disturbing  cha- 
a-al   management  activities.     Thus,   the  test 
riram  was   designed  to  observe  three  specific 
-Si'Cts  of  potential    impact.     The  first  two 
rflilved   recording  the  displacement,   breakage, 
d  tion,   and  loss  of   (1)   surface  artifacts  and 
;2  structural    components   (wall    stones)    located 
^  in   designated  one  meter  square   test  plots. 
: hi  third  aspect  of   the  program  was  to   investi- 
•9''   subsurface  impacts.     To  do  this,   a  series  of 
.iile  artificial    test  situations  were  con- 
I'ttcted   in  the   study  area   by  burying   sets   of 
a'e  and  small    ceramic   flower  pots   to   simulate 


subsurface  arti factual    remains.     Specific  burial 
locations  were  selected  according  to  considera- 
tions of   soil    texture  and  vegetative  cover,   as 
were  the  test  squares.     Each  burial    contained  two 
sets  of  pots  at  different  depths.     These  depths 
were  determined  on  the  basis  of  excavation  data 
from  similar  environments  nearby.      In  order  to 
control    for  the  effect  of   time  on  surface  arti- 
fact distribution,   all   the  surface  plots  and 
burials  were  laid  out  two  months  before  the 
crushing  operation  was  scheduled  to  begin. 

The  location  selected  as  a  control   was  a 
single  room  rock-outlined  pithouse  habitation 
site.      It  was  selected  because  it  contained  a 
well-defined  architectural    feature,    surface  arti- 
fact scatter,   and  showed  a  strong  dichotomy 
between  areas  with  and  without  brush  cover  and 
having  rocky  and  fine  textured  soils.     These  cri 
teria  were  used  for  all    test  selections   in  the 
study.     The  only  impacts  expected  here  were  time, 
rainfall,   and  the  curiosity  of  other  Forest 
personnel . 

The  location  selected  for  the  architectural 
tests  was  a  fairly  well-defined  architectural 
feature  with  artifact  scatter  and  little  brush 
cover.     The  area  selected  to  test  impacts  to  sur 
face  artifact  scatter  contained  a  fairly  dense 
concentration  of   surface  arti factual   material 
situated  near  the  architectural    test  locus.      It 
showed  a   strong  dichotomy  between  brush  cover  and 
bare  ground  within  a  minimal    area  as  well   as  a 
wide  variety  of  artifact  types. 

In  order  to  test  impacts  to  subsurface 
materials  and  features,   a  series  of  control   and 
test  burials  was  laid  out  at  various  points;   the 
control    site  and  in  a  separate  testing  locus  some 
distance  away.     The  burial    tests  and  controls 
were  all   placed  according  to  the  same  criteria  as 
the  surface  plots-brush  cover  and  bare  ground-- 
with  additional    variations   in  depth  and  soil 
texture. 

THE  CRUSHING  OPERATION 

The  Marden  device  used   in  this  study  was 
pulled  by  a  D7H  Caterpillar  tractor.     The  stra- 
tegy  utilized  was  more  or  less   representative  of 
standard  Marden  crushing  operations.      It  involved 
a   series  of  concentric,   overlapping  paths  being 
followed  throughout  the  treatment  area.     Those 
areas  too  steep   for  safe  operation   (above  20  per- 
cent slope)  were  avoided,   as  were  areas  where  the 
vegetative  cover  was  primarily  trees  or  that  were 
too  rocky  for  the  somewhat  brittle  blades  on  the 
crusher.     The  end  product  of   this  strategy  was  a 
natural -looki ng  mosaic  of  pine-oak    stringers, 
brushy   hillsides  and  outcrops,    and  crushed  flats 
which   should  eventually  be  grassed  over. 

The  crushing  of   test  plots  and  burials  was 
more  or  less  a  sample  out  of  a   normal    crushing 
operation.     Owing   to  unfortunately   restrictive 
time  and  budget  limitations   (so  what  else  is 
new?)   the  test  loci    could  not  be  crushed  entirely 
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in  the  overlapping  pattern  usually  followed. 
Instead,  carefully  choreographed  paths  were  laid 
out  through  them  so  that  the  crusher  made  a 
single  pass  over  each  test  plot  and  burial. 
Because  of  this,  the  results  of  these  tests  must 
be  seen  as  representing  only  the  minimum  level  of 
impact  that  might  result  from  use  of  the  Marden 
device. 

RESULTS  AND  COMPARISONS 

Fifty-two  surface  artifacts  were  originally 
identified  in  the  four  surface  test  squares. 
Almost  90  percent  of  these  were  impacted  in  some 
way.     Sixty-two  percent  of  these  impacts  involved 
the  loss  of  arti factual   materials  from  the  obser- 
vable surface  inventory.     Next  in  importance  were 
the  displacement  of  original   material    and  the 
addition  of  new  material    brought  up  from  below 
the  surface.     Breakage  was  the  least  frequent 
impact.     The  patterns  of  change  at  the  control 
site  were  exactly  the  opposite.     Natural    causes 
produced  primarily  breakage  of  artifacts   in 
place-simple  deterioration,  with  minor  relocation 
by  runoff  and  periodic  additions  to  surface 
inventories   from  subsurface  materials.     Below 
surface,   no  displacement  of  materials  was 
observed  nor  were  there  any  changes   in  the  struc- 
ture.    As  expected,   these  observations   indicate 
that  the  natural    transformation  of  cultural 
features  and  materials   into  what  are  known  as 
archeological    sites   is  a  slow  process  which  pre- 
serves much  of  the  original    integrity  of  the 
property.     The  pattern  of  change  produced  by 
Marden  impact  is  characterized  by  a  sudden  loss 
of  a  large  amount  of  the  surface  artifact  inven- 
tory with  little  replacement  from  the  subsurface 
population.     This,  combined  with  breakage  and 
displacement,  means  a  sudden  change  in  90  percent 
of  the  surface  artifact  inventory  and  nearly  half 
of  the  near-surface  buried  material.      In 
addition,   disruption  of   surface  architectural 
remains   runs   from  40  to  100  percent,   depending  on 
the  amount  of  exposure.     In  the  case  of  a  very 
shallow  site  with   little  or  no  post-occupation 
deposition,   this  would  constitute  a  near-total 
disruption  of  the  visible  portion  of  that  site. 
The   recognition  of  any   site's  character-shallow 
or  deep-would  be  seriously   impaired  if  suddenly 
over  half  of  the  visible  artifacts  were  to 
disappear.     And  whatever  its  direct  effects  are 
on  a  site,   the  Marden  device  invariably  opens  and 
softens   soil    surfaces,  making  them  susceptible  to 
erosion  and  to   subsequent  further  artifact 
displacement  by  mixing   from  grazing,   vehicular 
travel,   and  even  walking. 

Factors  in  Assessing   Impacts 

Damage  from  the  Marden  device  as  observed  here 
was  dependent  on  four  factors:     1)   contact  with 
the  blades;   2)   soil    texture;   3)   depth;   and 
4)  artifact  size.     Contact  with  a  blade 
invariably   produced  both   surface  and   subsurface 
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artifact  damage  or  displacement.     Rocky  soils  orjf" 
soils  with  expansive  clays  produced  the  highest 
percentage  of  subsurface  damage,  while  fine  soil 
produced  the  most  damage   (by  displacement)   in 
surface  inventories.     However,   it  must  be  noted 
that  the  presence  of   residual    clays  and  large 
numbers  of  rocks  in  a  surface  soil    is  usually  a 
result  of  natural,   in  place  development  rather 
than  cultural    deposition,   though  this  is  not 
always  the  case.     While  it  was  expected  that  cerii 
tain  amounts  of  cover  would  act  to  provide  a  prd" 
tective  cushion  over  cultural    surfaces  and  fill,] 
the  results  of  the  tests  indicate  little  or  no 
difference  due  to  cover.     It  can  be  said,   then, 
that  cover  has  no  effect  and  is  therefore  not  a 
factor  in  the  amount  of   impact.     The  third  fac- 
tor,  depth,   proved  highly  useful,   as  damage  was    * 
higher  in  shallow  burials  than  in  deep,   and         ' 
highest  on  the  surface  itself -25  percent  of  deef 
burials  were  impacted,  75  percent  of   shallow 
burials,   and  86  percent  of  the  surface  inventory 
Clearly,   impact  increases  as  depth  decreases. 
Finally,   there  was  the  factor  of  artifact  size 
The  ratio  of   large  to  small   buried  pots  broken 
(by  expansive  clay)   at  the  control    locus  was  3  1 
1;  at  the  test  burial    locus,    it  was  5  to  1.     As 
well,   only  the  larger  surface  artifacts  were  ev( 
physically  damaged.     This  too  indicates  a  stronc 
pattern-larger  artifacts  have  a  higher  suscepti 
bility   to  damage.      In  some  cases  this  was 
apparently  due  to  larger  area  of  potential    blad( 
or  rock  contact,   while  in  others   it  may  have  bei 
due  to  the  larger  arti fact's  having  had  less 
structural    integrity  or  resistance  to  stress  th 
a  smaller  one  of  the  same  materials.     Unfortu- 
nately,  these  observations  must  remain  tentativi 
and  inconclusive,   as  much  more  variability  was 
encountered  than  expected  in  soil,   surface,   and 
brush  composition.     Still,   it  can  reasonably  be 
said  that  under  the  variety  of  conditions  teste 
nearly  90  percent  of   the  cultural    surface  and 
50  percent  of  the  subsurface  inventories  were 
damaged  by  crushing. 

SUMMARY   AND   CONCLUSIONS 


Three  direct  impacts  of  brush  crushing  to 
cultural    properties  were  identified  from  this 
study:      1)   disruption  of  the  spatial    relation- 
ships of   surface  and  subsurface  artifacts; 

2)  disruption  of   structural    elements  in  surface 
and  subsurface  architectural    features;  and 

3)  physical  damage  to  surface  and  subsurface 
artifactual  materials.  The  disturbance  of  arti 
fact  distributions  is  seen  as  the  most  critical 
of  these,  since  disrupting  or  destroying  the  sp 
tial  context  of  these  remains  severely  limits  a 
attempt  to  characterize  and  identify  not  only 
specific  behaviors  at  sites  but  sites  themselve 
and  regional  and  the  regional  and  chronological 
patterning  of  occupations  and  developments. 
Indirect  impacts  to  these  properties  may  also 
arise  from  erosion  and,  in  some  cases,  from 
increased  site  visibility,  which  tends   to  invil 


indalism.     This  being  the  case,    it  must  be 
^cognized  that  the  use  of  a  Harden  Brush-Crusher 
1  areas  containing  cultural    resources  cannot  be 
llowed  without  some  measure  of  protection  being 
ven  to  those   resources. 
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Fire  Behavior  and  IVlanagement  in 
IVlediterranean-Type  Ecosystems:  A  Summary 
and  Synthesis' 

Serena  C.  Hunter  and  Charles  W.  Philpot- 


Our  speakers  have  based  their  presentations  on 
practical  fire  management  problems  and  solutions 
in  Mediterranean  ecosystems.   Managers  in  these 
areas  must  be  concerned  about  public  safety, 
costs,  offsite  damages,  short-term  weather 
changes,  unique  resources,  and  a  host  of  other 
problems  when  designing  fire  management  programs. 
Successful  fire  management  in  these  ecosystems 
requires  an  understanding  of  both  fire  behavior 
and  ecological  processes  and  their  effects  upon 
one  another.   Knowledge  of  these  factors  is  impor- 
tant for  both  fire  use  operations  and  fire  sup- 
pression.  Managers  must  constantly  be  on  the 
lookout  for  tools  that  can  help  them  understand, 
predict,  and  control  fire  behavior  and  fire 
effects.   These  tools  can  aid  them  in  planning  and 
carrying  out  successful  fire  management  programs. 


FIRE  BEHAVIOR  PREDICTION 

One  promising  tool  discussed  during  this  ses- 
sion is  a  fire  behavior  prediction  system.   Albini 
and  Anderson  described  the  development  and  imple- 
mentation of  fuel  and  fire  behavior  models  for 
chaparral.   The  models  are  part  of  a  system  now  in 
operation  in  southern  California  that  is  designed 
to  quantify  and  predict  wildland  fire  behavior. 
It  takes  into  account  the  same  fuel  factors  (load- 
ing and  live/dead  ratio)  and  environmental  factors 
(wind,  slope,  and  fuel  moisture  content)  that  the 
other  speakers  have  emphasized  as  being  important 
in  fire  behavior . 

The  system  is  still  in  the  process  of  being 
tested  and  debugged  to  improve  its  predictive 
ability.   The  complexity  of  the  system  makes  it 
difficult  to  determine  whether  less  than  satisfac- 
tory predictions  are  caused  by  inherent  deficien- 
cies in  the  model  or  by  inaccurate  descriptions  of 
fuel,  terrain,  and  weather  conditions  at  the  fire 
site.   If  the  latter  is  the  case,  then  its  success 
will  depend  on  improved  monitoring  of  fuel  and 
weather  conditions  during  fire  season.   Improved 
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mapping  of  terrain  may  also  be  necessary.   It  is 
also  likely  that  more  training  will  be  required  !, 
that  fire  managers  fighting  fire  or  using  fire 
will  be  able  to  fully  utilize  the  capabilities  oj| 
fire  behavior  predictive  models. 


It 


PRESCRIBED  BURNING 

Prescribed  fire  is  beginning  to  receive  a  mor^ 
appropriate  emphasis  in  Mediterranean  ecosystems 
in  the  United  States  and  Europe.   Prescribed  fir 
has  been  an  integral  part  of  Mediterranean  eco- 
system management  in  Australia  for  years.   Al- 
though some  of  our  speakers  pointed  out  problems 
associated  with  prescribed  burning,  all  were 
enthusiastic  about  its  potential. 
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Denny  Bungarz  presented  a  number  of  multifunc  ,, 
tional  land  management  reasons  for  using  pre- 
scribed fire  and  showed  us  how  they  have  been 
demonstrated  by  the  Grindstone  Project  on  the 
Mendocino  National  Forest.   Benefits  include 
improved  wildlife  habitat,  increased  grazing  and 
water  yield,  enhanced  recreational  opportunities 
and  reduced  threat  of  wildfire.   And  best  of  all 
these  benefits  are  not  mutually  exclusive.   Fire; 
has  increased  the  Grindstone  area's  potential  foj 
multiple  use.   The  keys  to  the  success  of  the 
Grindstone  Project  have  been  the  long-term  commi 
ment  and  cooperation  of  the  groups  and  agencies 
involved  and  the  willingness  to  try  new  methods 
dealing  with  the  chaparral. 
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Both  Mike  Rogers  and  Pierre  Delabraze  point  q 
that  percent  dead  material  is  probably  the  most 
important  vegetative  characteristic  in  determini 
how  intensely  a  prescribed  fire  or  a  wildfire  in 
chaparral  will  burn.  It  is  on  this  premise  thatj  y 
the  concept  of  age-class  management  of  fuels, 
described  and  endorsed  by  Mike,  is  based.  By 
maintaining  more  young  stands  and  by  preventing  L 
older  stands  from  extending  over  large  continuot 
areas,  the  threat  of  large,  high-intensity  fires 
can  be  reduced.  Prescribed  fire  is  the  most 
promising  tool  for  safely  reducing  fuels  and 
achieving   a   desirable    age-class    distribution 
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As  Mike  pointed  out,  one  of  the  problems  witq 
using  prescribed  fire  to  achieve  and  maintain  a 
desirable  age-class  distribution  in  southern 
California  is  that  there  are  very  few  days  duri; 
the  year  when  a  burn  can  be  both  safe  and  succes||| 
ful.   Because  of  the  rough  terrain  and  dense  bnj 
involved,  not  nearly  enough  vegetation  can  be 
treated  each  year  using  conventional  ignition 
methods.   The  heli torch  that  we  saw  in  Denny's 
slide-tape  promises  to  be  at  least  a  partial 
solution  to  this  problem. 


liter 

lorit 

Hoi 
ifro 
it  in 
lot: 


With  the  helitorch,  there  is  the  potential  f( 
safely  burning  hundreds  of  acres  on  a  single  da' 
for  as  little  as  $5  to  $7  per  acre.  As  we  lean 
to  use  the  helitorch  in  various  fuel  types  and  jjj, 
weather  conditions,  we  should  move  cautiously, 
taking  the  time  to  get  the  bugs  out.  And,  un- 
doubtedly, as  we  find  solutions  to  one  problem, 
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(tier  problems   will   pop   up.      However,    there   Is  a 
eat   deal    of   optimism   that   at    last   we  have  a   tool 
'at  will  make   age-class  management   of    fuels   in 
uthern  California's   chaparral    truly   feasible. 


TERNATIUNAL   FIRE  MANAGEMENT    PROBLEMS 

Dr.    Barber   has   shared   with   us   some   of   the 
jbleras   of    fire  management    in   rural   Victoria, 
jtralia,    and   the   way   that    the  Country   Fire 
ihority   deals   with   them.      When   reading   Dr. 

ber's   paper   before   the   Symposium,    we  could  not 
.p  making   comparisons   between   the   fire  situation 
)wn  under"  and    the   situation  here    in   southern 
lifornia.      The   area  within   the   jurisdiction  of 
:toria's   Country   Fire  Authority   is   roughly 
livalent    to  one-third   of    the   State   of    Cali- 
■nia — approximately   5  7,000  square  miles.      How- 
\r ,   whereas   southern  California's   population   is 

ater   than   10  million,    Victoria's    total   popula- 
in  is   only   3,650,000  with   less   than  one-third   of 
fse   people    living   in   the   rural   areas   protected 

the  Country   Fire  Authority. 


Dr.    Barber's   description   of   weather   and    climat- 
influences    on   fire   sounded   very    familiar.      Like 

the   Victorians   experience  dry   summers   and  wet 
ters.      hot,   dry   inland  winds,    comparable    to   our 
ta  Ana's,    are   the  most    important   weather   factor 
luencing   the   outbreak  and   spread   of    fire.      Most 
ge   fires    in  southern  Australia,    as    in   southern 
ifornia,   occur  on  a   few  days   of   extreme   fire 
ger.      On   those   days,    it   is    impossible,    in 
her   country,    to   control    all   fires   or   to  prevent 
astrous    losses. 


The  ways    in  which   Victorians   and   southern 
iiifornians   are  organized   to  combat   the   wildfire 
'iblem   also  make   an   interesting   contrast.      Coun- 
I   Fire  Authority  volunteers   are  eagerly  enlisted 
r    trained;    they   number   over    100,000   and   out- 
.iber   permanent   personnel   by   almost   200   to    1. 
cthern  California's    firefighting   forces   are  made 
F^ntirely   of   government-paid    personnel.      Both 
i  L.S.    Forest   Service  and    the  California  Depart- 
fit   of   Forestry  have   policies    prohibiting   the   use 
fv'olunteer   firefighters. 

Interestingly  enough,    Victoria's   Country   Fire 
uiority   receives   only  one-third   of    its   funding 
tn  government    sources.      The   other    two-thirds 
#5   from    insurance   companies.      Whether   or   not 
Vie   insurance   companies    are    required    to   contrib- 
tf  to    the   Country    Fire   Authority    or   do   so    in 
ujort   of    their   own  best    interest   is   not   clear. 
1  lough    community   volunteer    fire   departments    in 
ih  United   States   undoubtedly   receive   some   of 
hir   financial    support    from  private    insurance 
oianies,   most    firefighting   forces   are   strictly 
0:rnment    funded.      The    twin   questions    arise:      "Is 
Ornment    doing   all    it    should    be    doing    to   combat 
h  fire  problems    in   Victoria?"  and   "Should    the 
n-ate   sector    be  more    involved    in   dealing    with 
:ll  fire   problem    in    the   Lnited    States?" 
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Many  of  the  fire  problems  faced  in  France's 
Mediterranean  region  are  also  comparable  to  those 
faced  by  managers  in  California  and  Australia. 
The  north  wind  that  causes  severe  fire  problems  in 
France  is  known  as  the  mistrel.   Like  our  Santa 
Ana's,  these  are  high-pressure  gradient  winds 
carrying  very  little  moisture.   During  the  wet 
season,  heavy  rainfall  combined  with  the  loss  of 
vegetation  from  fire  produces  heavy  property 
damage  along  the  coast  in  Marseilles.   This  is  a 
problem  with  which  Californians  are  all  too 
familiar . 

Southern  France  has  large  expanses  of  brush- 
covered  hills  that  in  many  ways  are  very  similar 
to  those  found  in  southern  California.   Until  the 
last  few  centuries,  however,  the  vegetation  on 
many  of  these  sites  consisted  of  great  stands  of 
commercial  oak  and  pine.   These  stands  were  elimi- 
nated by  repeated  harvesting  and  indiscriminate 
wildfire,  and  were  replaced  by  brush.   Although 
there  is  evidence  that  some  forest  sites  in  south- 
ern California  have  been  converted  to  brush  for 
these  same  reasons,  the  area  involved  is  not 
nearly  so  extensive.   The  French  are  currently 
reforesting  large  areas  with  conifers. 

Early  in  the  1800's,  fire  was  used  to  clear  the 
forests  of  France.   But  conditions  for  burning 
were  not  controlled,  and  the  results  were  some- 
times disastrous.   Subsequently,  laws  prohibiting 
the  use  of  prescribed  burning  were  passed.   French 
foresters  are  now  in  the  process  of  learning  to 
predict  and  control  fire  behavior  in  various 
vegetation  types  so  that  prescribed  burning  can 
again  be  used  safely  there.   Pierre  Delabraze 
detailed  some  of  those  efforts  for  us. 


IMPACTS  OF  FIRE  MANAGEMENT  PROGRAMS 

Land  managers  around  the  world  must  be  con- 
cerned with  the  social,  economic,  and  environmen- 
tal impacts  of  their  fire  management  programs. 
That  is  why  new  tools  and  techniques  such  as 
prescribed  fire,  biomass  harvesting,  and  the 
helitorch  must  be  so  thoroughly  tested  before  they 
are  made  operational. 

All  impacts — not  just  effects  on  personal  life 
and  property,  but  also  effects  on  socially  valued 
goods  such  as  cultural  resources,  wildlife,  and 
long-term  site  productivity — must  be  given  weight 
in  fire  management  decisions.   For  example,  Scott 
Wood's  study  suggests  that  equipment  used  in  site 
preparation,  biomass  harvesting,  or  brush  crushing 
can  do  irreparable  damage  to  archeological  re- 
sources.  What  about  fire — is  it  just  as  damaging? 
How  do  the  effects  of  wildfire  compare  to  the 
effects  of  prescribed  fire  where  cultural 


Chaparral  Vegetation  Management  Program  Inter- 
national Study  Group.  Fire  and  fuel  management  in 
the  Mediterranean  ecosystems  of  Spain  and  France. 
1979.  (Unpublished  report). 
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resources  are  concerned?  How  do  we  identify  and 
protect  areas  of  archeological  value?   Are  there 
ways  of  protecting  these  cultural  resources  with- 
out greatly  disrupting  our  fire  management  activi- 
ties?  Answers  to  these  questions  and  others 
regarding  impacts  and  potential  impacts  of  manage- 
ment activities  could  help  to  make  our  fire  man- 
agement programs  more  sound. 

CONCLUSION 

The  opinions  presented  by  the  speakers  in  this 
session  are  their  own  and  do  not  necessarily 
represent  the  policies  of  their  countries  or 
organizations.   The  same  is  true  of  this  summary 
paper.   We  have  taken  the  liberty  of  using  and 


interpreting  as  we  saw  fit  the  information  pre- 
sented during  the  session.   We  hope  that  no  mis- 
interpretations have  occurred. 

To  summarize,  we  have  reviewed  the  factors  tha 
affect  fire  behavior  in  Mediterranean-type  eco- 
systems. Using  our  knowledge  of  these  factors,  w 
are  beginning  to  be  able  to  predict  wildfire 
behavior  with  timesaving  computer  models.  Our 
increasing  understanding  of  fire  behavior  is  also 
giving  us  the  confidence  we  need  to  use  prescribe 
burning  safely  and  successfully  to  achieve  fuel 
reduction.  We  are  getting  closer  to  our  goal  of 
age-class  management  on  chaparral  lands.  But,  as 
we  move  toward  this  goal,  we  must  be  on  the  look- 
out for  social  and  environmental  problems,  such  a 
damage  to  cultural  resources,  that  implementation 
of  our  goal  might  aggravate. 
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!  Challenge  of  Vegetation  Management  at 
Local  LeveP 


mas  Oberbauer  and  Michael  Evans' 


Abstract:   Several  Mediterranean  ecosystem  vegeta- 
tion types  in  Southern  California  have  been  signif- 
icantly reduced  in  extent  and  viability  in  recent 
years.   These  reductions  have  occurred  because  of 
conversion  to  agriculture,  residential  uses  and 
support  facilities,  and  habitat  management  by  pub- 
lic agencies.   Measures  to  control  loss  of  sensitive 
vegetation  on  privately  owned  land  are  limited. 
Resource  Conservation  Areas  (RCAs)  identified  in 
the  County  General  Plan  are  one  planning  tool  to 
distinguish  areas  of  outstanding  resource  value. 
San  Diego  County  has  applied  several  techniques  to 
conserve  such  scarce  resources ,  including  large  or 
clustered  lot  zoning  or  open-space  easements . 


ning  for  vegetation  management  at  the 
1  level  can  be  as  complex  a  process  as  at 
estate  or  Federal  level .   Most  Mediterranean 
station  occurs  as  a  mosaic  of  vegetation 
junities  arranged  in  an  intricate  manner 
(    a  variety  of  topographic  features,   soil 
IS  and  climatic  patterns.   In  many 
cterranean  climate  areas,  developments  for 
iculture,  suburbanization  and  industrial 
e  have  substantially  intruded  into  areas 
t  native  shrub  ecosystems .   This  has 
sited  in  substantial  losses  of  certain 
otation  and  wildlife  habitat  types  and  has 
ceased  wildfire  control  problems  considerably. 

variety  of  tools  and  techniques  can  be 
iized  to  help  insure  that  some  resources 
.  aditerranean  ecosystems  can  be  preserved 

naturally  viable  state.   In  the  following, 
:  xamine  examples  of  sensitive  Mediterranean 
cystems  from  the  San  Diego  County  region, 
iclescribe  some  of  the  tools  and  techniques 
a  may  be  used  in  protecting  these  ecosystems 
.  le  local  and  regional  governmental  level . 


;GrATION  TYPES 

Limate  conditions  in  San  Diego  County, 
ilfornia,  range  from  relatively  dry  coastal 
res  with  warm  dry  summers  and  cool  winters 

I  :)ist  m.ountain  areas  with  cold  winters  and 

II  summers  .   During  the  late  summer  and 

11/  fall,  hot  dry  wind  conditions  occasionally 
:cr;  these  conditions  are  a  major  factor 
ifiencing  the  occurrence  of  fire.   Soil 
iCDrs,  precipitation,  temperature  patterns 
id;limatic  evolution  have  resulted  in  a 
vrsity  of  vegetation  communities  classified 


Presented  at  the  Symposiimi  on  Dynamics 
ic "Management  of  Mediterranean-Type 
:c /stems,  June  22-26,  1981,  San  Diego, 
ilfornia. 


as  Mediterranean-like.   However,  a  number  of 
these  vegetation  community  types  have  been 
significantly  reduced  in  extent  and  quality 
within  recent  historic  times.   Thus,  some 
of  these  communities  have  become  increasingly 
sensitive  to  human-caused  disturbance. 

Examples  of  sensitive  Mediterranean 
vegetation  communities  in  San  Diego  County 
include  Coastal  mixed  chaparral  or  maritime 
chaparral  (Axelrod   1978),  the  Diegan  subunit 
of  Coastal  sage  scrub  (Griffin   1978) ,  Southern 
oak  woodland,  fd.parian  woodland/gallery  forest. 
Vernal  pools   (Barbour  and  Major   19  77) , 
vegetation  adapted  to  unique  soils  (eg.,  derived 
from  gabbro  and  metavolcanic  rocks),  and  other 
Mediterranean  ecotypes  that  serve  as  habitats 
for  wildlife  sensitive  to  disturbance  or  of 
limited  distribution. 

Coastal  mixed  chaparral  or  maritime  chaparral 
is  a  woody  shrub  community  found  in  cool  coastal 
areas  which  contains  a  large  number  of  endemic 
species  of  plants.   Coastal  mixed  chaparral 
may  never  have  been  widespread  but  it  has 
been  further  reduced  by  development  so  that 
today  it  exists  on  about  2000  acres  along 
the  coast  of  San  Diego  County.^   Coastal  sage 
scrub  is  a  drought-deciduous  shrub  community 
that  has  been  heavily  impacted  by  development 
with  as  much  as  seventy  percent  of  its 
former  areal  extent  obliterated.-^   It 
previously  occurred  in  summer-warm  valleys 
near  the  coast  and  interior.   Vernal  pools 
are  a  specialized  Mediterranean  vegetation 
type  in  which  plants  are  adapted  to  winter 
inundation  and  summer  desiccation  .   Shrub 
vegetation,  gabbro  and  metavolcanic  soils 
are  often  habitats  of  very  limited  distribution 
found  in  the  foothills  of  San  Diego  County . 
Gabbro  and  metavolcanic  habitats,  as  well  as 
vernal  pools,  contain  a  large  number  of 
restricted  endemic  species  of  plants. 

Sensitive  Mediterranean  habitats  which 
support  specialized  wildlife  include  Riparian 
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and  Oak  woodlands  as  well  as  some  micro- 
habitats  of  more  widespread  community  types. 
For  example,  the  Gray  vireo  (Vireo  vicinor) 
appears  to  be  limited  to  mature  stands  of 
montane  chaparral  in  the  southwest  United 
States . 


FACTORS  INFLUENCING  VEGETATION 

The  vegetation  communities  in  San  Diego 
County  considered  sensitive  are  spread 
throughout  all  portions  of  the  region.   This 
distribution  pattern  undoubtedly  occurs  in 
other  Mediterranean  climate  areas  through- 
out the  world.   Unfortunately,  in  areas 
with  pressures  for  development,  this  pattern 
makes  it  extremely  difficult  to  protect 
these  resources  with  large  viable  habitat 
areas . 

The  recent  loss  of  vegetation  communities 
in  the  San  Diego  region  has  resulted  from 
destructive  human  uses,  including  over- 
grazing, sand  mining  and  flood  control, 
improper  fuel  management  and  inundation 
from  dam  building.   However,  agriculture 
and  residential  development  have  been  the 
primary  causes  of  the  destruction  of 
vegetation  communities  in  the  San  Diego 
region.   Clearing  for  avocado  planting  has 
destroyed  nearly  35,000  acres  of  chaparral 

in  northwest  and  central  San  Diego  County 

4 
in  recent  years  .   At  the  present  time, 

agricultural  production  on  marginal  soil 
and  steep  slopes  continues  to  cause  the  loss 
of  substantial  amounts  of  chaparral  and  sage 
scrub  each  year.   These  areas  would  other- 
wise probably  be  unbuildable  for  residential 
uses  because  of  the  steep  slopes.   Potential 
future  crops,  such  as  Jojoba  (Simmondsia 
chinensis)  or  eucalyptus  for  firewood,  have 
the  potential  to  substantially  destroy  even 
more  Mediterranean  vegetation. 

Land  subdivisions  for  residential  and 
commercial/industrial  development  is  a 
major  cause  of  the  loss  of  Mediterranean 
ecosystems,  particularly  near  the  coast  and 
in  the  coastal  foothills  of  Southern 
California.   In  these  areas,  habitat  loss 
has  been  94%  of  the  vernal  pool  habitat, 
70%  of  Coastal  sage  scrub,  and  60%  of 
Coastal  mixed  chaparral  . 

Economics  and  traditional  building  practices 
have  entailed  carving  the  land  to  fit  the 
use,  necessitating  mass  grading,  sometimes 
with  cut  or  fill  banks  over  100  ft   in  height. 
This   results  in  direct  loss  of  vegetation 
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for  grading  and  indirect  associated  impacts 
including  siltation,  erosion,  off- road 
vehicle  impacts,  increased  wildfire  frequency, 
introduction  of  cats  and  dogs,  indiscriminate 
trash  dumping,  etc. 

Besides  "urbanization",  with  dense  types 
of  development,  another  significant  factor 
in  the  loss  of  Mediterranean  ecosystems  in 
the  San  Diego  region  is  rural  residential 
development  (at  a  density  of  less  than  one 
dwelling  unit  per  acre) .   "Rural  development" 
results  in  widely  scattered  residential  uses 
interspersed  in  chaparral  or  sage-scrub  or 
live  oak  woodland  communities.   This  pattern 
of  development  also  disperses  the  increased 
potential  of  wildfire  starts  into  the 
surrounding  shrub  vegetation.   The  widely 
spaced  nature  of  these  residential  uses 
makes  them  substantially  more  difficult  to 
protect  by  fire -fighting  agencies  when  fires 
do  erupt.   This  pattern  of  development  has 
resulted  in  the  need  to  reduce  the  wildfire 
potential  over  very  large  areas  of  scrub 
communities,  to  reduce  fire  damage  to  a  few 
scattered,  although  monetarily  valuable, 
residential  improvements. 

Large-scale  vegetation  management  plans 
have  been  proposed  for  numerous  locations  in 
the  Mediterranean  shrub  communities  of 
Southern  California,  in  an  effort  to  reduce 
the  potential  life  and  property  losses 
associated  in  rural  areas  with  large  wild- 
fires.  These  plans  usually  include,  as  a 
major  factor,  a  reduction  of  the  volume  of 
flammable  vegetative  material  (plants  or 
fuel)  and  to  compartmentalize  the  vegetation 
into  generally  controllable  cells  of 
modified  vegetation.   Techniques  of  modifi- 
cation range  from  hand  and  mechanical  cutting, 
heavy  grazing  by  goats,  and  more  recently, 
controlled  burning.   These  types  of  vegetation 
modification  usually  result  in  altered  habitats 
favoring  wildlife  species  adapted  to  transi- 
tional habitats.   These  techniques  are  also 
used  for  locally  increasing  populations  of 
game  species.   However,  enhancing  habitats 
for  one  species  usually  means  some  detrimental 
effect  on  other  species  adapted  to  the  original 
habitat.   Inasmuch  as  the  original  habitat  may 
be  depleted  already,  these  detrimental  effects 
may  be  quite  serious. 
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The  frequency  with  which  natural  fires 
occurred  in  the  past  has  not  definitely  been 
established  for  the  majority  of  vegetation 
types  and  geographic  regions.   Furthermore, 
the  effect  of  fuel  or  habitat  management 
techniques  on  sensitive  plant  and  animal 
species  is  poorly  known.   Because  of  under- 
funding  and  the  short  time  available  for 
management  implementation,  there  is  little  or 
no  chance  to  accurately  assess  either  the  exact 
resources  present  before  management  controls 
are  applied,  or  the  effects  on  sensitive  specie  iJr 
after  the  vegetation  management.   It  is  likely 
that  there  will  be  a  continued  loss  of  habitats 
until  more  is  known  of  species  requirements. 
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From  the  preceding  discussion,  it  should 
evident  that  some  Mediterranean  ecosystems 
e  been  seriously  damaged  by  human 
luences,  especially  agricultural  and 
ban"  development.   In  San  Diego  County, 
re  have  been  attempts  to  apply  various 
hods  to  help  control  these  losses .   In 

remainder  of  this  paper,  we  will  discuss 
Is  available  to  local  planners  to  control 

losses  of  sensitive  Mediterranean  ecosystems, 
ng  San  Diego  County  as  an  example,  we  will 
nine  the  application  of  these  tools 
ouqh   the  planning  process  and  some  of  the 
Dlems  and  solutions  we  have  encountered. 


RCES  OF  INFORMATION  AND  PLANNING  TOOLS 

Data  sources  available  for  local  planning 
Lude  the  basic  tools  generally  needed 

resource  planning:   Aerial  photographs, 
jgraphy  and  soil  maps,  as  well  as  reports 
n  governmental,  academic,  and  conservation 
titutions  which  deal  with  regional 
Durce  identification.   Frequently, 
±>lished  information  may  be  available, 

it  is  often  difficult  to  access, 
srpret  and  evaluate.   In  addition,  local 
ining  staff  may  not  have  the  resource 
i  background  to  understand  some 
inical  reports .   In  general  the  ideal 
jurce  planner  should  have  experience  in 
jurce  evaluation  as  well  as  traditional 
ining  concepts  . 

jQcal  planners  have  a  number  of  planning 
Is  to  control  and  manage  land  uses  .   The 

tool  for  land  use  control  in  California, 
rell  as  several  other  states,  is  the 
lirement  for  local  jurisdictions  to  adopt 
jneral  Plan  which  guides  land  use 
-sions .   Such  plans,  containing  several 
aents  (land  use,  conservation,  open  space, 
asportation,  etc.)  establish  long  range 

s,  objectives  and  policies.   These  goals 

policies  guide  land  use  decisions  such 
roning  and  discretionary  projects  and 

density  limits,  lot  size  and  permitted 
>.   The  adopted  land  use  map,  which 
itifies  and  controls  land  uses,  is  the 
1  focus  of  the  General  Plan.   Content  and 
sctiveness  of  the  General  Plan  depend  on 

expertise  of  staff,  degree  and  kind  of 
-zen  involvement,  and  political  complexion 
iie  decision-makers. 

The  Environmental  Impact  Report  can  also 
i  useful  planning  tool.   The  EIR  process 
5cribes  a  standardized  format  whereby  the 
Jntial  environmental  impact  of  any 
i-cipated  action  can  be  evaluated  and 
reby  other  agencies  and  the  public  can 
i/ide  information  and  opinion  regarding 
se  future  decisions  and  impacts.   EIRs 
particularly  effective  when  used  to 
Jcast  potential  environmental  consequences 
various  planning  strategies  in  a  large 


scale  planning  effort.   However,  the  value 
of  environmental  impact  reporting  can  be 
felt  at  all  levels  of  planning  and  implementa- 
tion, from  the  macro-scale  (program  planning) 
through  the  micro-scale  (implementation) 
levels . 

One  of  the  most  important  problems  with 
any  EIR  process  is  that  of  eliminating  bias. 
Frequently  the  agency  planning  to  carry  out 
an  action  is  the  same  agency  preparing 
environmental  analysis  on  the  project. 
Although  the  implementing  party  may  best  be 
able  to  understand  the  project  and  its 
objectives,  their  enthusiasm  for  the  project 
may  make  it  difficult  to  be  completely 
objective  in  predicting  the  potential 
environmental  effects  if  a  policy  direction 
has  already  been  determined.   If  potential 
environmental  consequences  are  evaluated 
from  the  very  beginning  of  the  decision 
process  in  a  step-wise  manner,  problems  of 
bias  can  be  minimized.   Environmental  impacts 
can  be  further  focused  as  the  project  itself 
is  defined,  all  the  way  to  the  implementation 
stage.   Thus,  the  environmental  review  process 
becomes  an  integrated  environmental  planning 
process . 

Model  Plans 

San  Diego  County,  California  is  perhaps 
typical  of  many  western  American  situations . 
For  land  use  planning  purposes,  the  4,200- 
square  mile  county  is  divided  into  community 
planning  areas  based  on  geographic  and 
historic  relations  ranging   from  a  few 
dozen  to  several  hundred  square  miles. 

Since  the  late  1960's  these  community 
planning  areas  have  been  systematically 
planned  in  an  evolving  process  as  described 
below : 

Phase  I:   Collecting  all  known  data  useful 
for  planning,  including  previously  prepared 
planning  reports,  environmental  impact 
reports,  aerial  photographs,  other  natural 
and  cultural  resource  reports  and  records, 
climatic  and  hydrology  data,  traffic,  and 
air  pollution  reports. 

After  an  initial  data  survey,  formal 
meetings  with  area  residents  may  reveal  other 
data  sources  and  direct  plan  formulation. 
This  procedure  helps  focus  on  resources 
and  potential  problems,  and  existing  policy 
framework,  as  it  applies  to  the  planning 
area. 

Phase  II:   Resource  identification  leads  to 
production  of  a  constraints  map  by  evaluating 
resources  and  rating  them  for  land  use 
limitations.   This  typically  is  done  by 
mapping  constraints  on  transparent  overlays 
on  a  map  of  the  project  area.   This  permits 
visual  integration  of  various  constraining 
factors . 


525 


Phase  III :   Preliminary  and  alternative  land 
uses  and  residential  densities  are  chosen 
based  on  connnunity  input  and  resource 
constraints . 

Phase  IV:   These  alternative  plans  are 
shared  with  citizen's  advisory  committees, 
who  recommend  other  changes,  which  are 
incorporated  into  alternatives  for  the 
environmental  studies  or  reports.   At  this 
time  the  draft  Environmental  Impact  Report 
for  the  plan  is  written  and  sent  out  for 
public  review.   Data  used  for  resource 
evaluation  is  the  basis  for  the  EIR.   During 
the  public  review  period,  comments  and 
additional  information  received  are 
incorporated  into  the  Environmental  Impact 
Report . 

Phase  V:   This  report,  and  other  social 
and  economic  factors,  are  weighed  by 
elected  decision-ma>cers  in  adopting  a  plan 
or  combination  of  plans  at  public  hearings. 

Phase  VI:   Upon  adoption  of  the  General  Plan 
land  use  map  and  policies,  detailed  zoning 
controls  consistent  with  the  plan  are 
adopted  in  public  hearings .   The  environmental 
document  prepared  for  the  General  Plan  remains 
a  useful  source  for  individual  project 
environmental  analysis.   All  future  land 
decisions  must  follow  the  goals,  policies 
and  land  use  map  of  the  General  Plan. 

The  environmental  planner  or  resource 
manager  tries  to  develop  land  use  plans 
which  impact  least  on  the  most  sensitive 
and  most  limited  resources,  and  require 
the  least  amount  of  site  preparation  and 
resource  destruction  for  ultimate  development. 
Little  research  has  been  done  concerning 
the  effects  of  various  designs  and  strategies 
of  suburban  and  rural  development  on  native 
communities,  but  theoretical  works  such  as 
those  of  Diamond  (1975)  on  island  biogeography 
and  the  design  of  natural  reserves  appear  to 
have  useful  ideas.   Generally,  special  concern 
should  be  given  to  resources  regionally  in 
short  supply.   The  patterns  and  intensity  of 
uses  in  relation  to  the  resources  to  be  conserved 
may  greatly  control  impacts  and  thus  conservation 
effectiveness.   Managing  limited  or  potentially 
endangered  species  on  the  habitat  level  is 
preferable  to  later  managing  them  as  a  single 
species  or  even  individuals. 


THE  SAN  DIEGO  COUNTY  EXPERIENCE 

The  County  of  San  Diego  has  developed  a 
process  to  identify  and  apply  land  use  controls 
to  conserve  certain  limited  or  sensitive 
vegetation  communities  and  wildlife  habitats 
on  privately  owned  lands  within  its  jurisdiction. 
Such  resources  are  identified  as  Resource 
Conservation  Areas  (RCAs)  on  the  General  Plan, 
the  principal  land  use  control  available. 


Resource  Conservation  Areas  outline  geographic 
areas  that  contain  outstanding  examples  of 
rare  and  endangered  species  habitats  as  well 
as  generally  exemplary  wildlife  habitats . 
Such  areas  are  mapped  from  aerial  photographs 
and  maps  of  collection  sites  of  rare  species 
are  field  verified.   Criteria  for  identification 
of  RCAs  involve  the  presence  of  viable  popula- 
tions of  rare  and  endangered  species,  areas 
of  particularly  significant  wildlife  habitats, 
o  viable  examples  of  vegetation  types  of 
extremely  limited  distribution,  such  as  those 
discussed  earlier  in  this  paper.   RCAs  are 
adopted  by  the  the  Board  of  Supervisors  as 
part  of  the  Conservation  Element,  a  mandatory 
element  of  the  General  Plan  controlling  land 
use .   Adoption  as  RCAs  simply  identifies  the 
presence  of  these  resources  to  decision-makers, 
land  owners,  planning  staff,  and  other  citizens. 
Control  to  actually  protect  or  conserve 
resources  so  identified  requires  subsequent 
action  by  the  decision-makers ,  including 
additional  changes  to  the  land  use  element  of 
the  General  Plan,  further  implementation 
through  rezoning,  or  project  approval  or  denial. 
RCAs  play  an  important  role  in  the  environmental 
review  process  by  providing  early  identification 
of  critical  resources  which  may  require  special 
mitigating  design.   This  enables  all  parties 
concerned,  including  property  owners,  project 
designers,  agency  staff,  citizens,  and 
decisionmakers  to  review  prospective 
land  use  changes  in  the  light  of  the 
sensitivity  of  the  identified  resources. 
At  the  same  time,  the  Resource  Conservation 
Area  concept  can  also  be  used  as  a  focal 
point  to  educate  the  citizens  and  decision- 
makers of  the  value  of  their  sensitive 
resources .   This  is  extremely  important 
because  the  greatest  successes  for  environmental 
controls  generally  take  place  in  areas  where 
special  efforts  have  been  made  to  educate 
the  local  property  owners  and  citizens. 

Further  controls  may  be  applied  to 
areas  within  RCAs,  including  special  land 
use  (General  Plan)  designations,  special 
zoning  regulations,  large  lot  sizes  or 
requirements  for  clustering  houses  outside 
of  sensitive  areas.   The  County  has  devised 
a  special  overlay  zone  regulation  called  the 
Sensitive  Resource  Regulator,  to  protect 
vegetation  types  or  habitats  sensitive  to 
human  impacts .   This  zone  restricts  removal 
or  addition  of  vegetation  over  areas  larger 
that  1000  square  feet  for  any  purpose  without 
an  administrative  permit  subject  to 
environmental  review.   The  County  of  San  Diego 
has  thus  far  applied  the  Sensitive  Resource 
Regulator  Zone  to  a  few  areas  with  unique 
vegetation  types  and  habitats  of  rare  and 
endangered  plants .   Mitigation  of  impacts 
of  proposed  land  use  projects  in  such  areas 
may  take  the  form  of  Open  Space  Easements 
dedicated  to  the  County;  these  easements 
prohibit  the  removal  of  vegetation  or  the 
placement  of  structures .   Such  easements 
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!5ly  restrict  destructive  uses  but  do  not 
.  3W  entry  of  the  property  by  the  public. 
I  property  owner  still  retains  fee 
(Brship . 

?urchase  of  fee  title  is  another  option 
protecting  endangered  biological  resources. 
/ate  conservation  foundations  such  as  The 
are  Conservancy  have  expressed  interest 
jurchasing  land  with  vernal  pools,  Engelmann 
woodland.  Coastal  mixed  chaparral,  or  other 
Lated  rare  vegetation  types.   However, 
iuse  of  the  large  amount  of  endangered 
jurces  and  the  high  cost  of  land  in 
iiern  California,  the  actual  amount  of  land 
ih   could  be  purchased  would  be  very  small . 
■efore,  protection  of  sensitive  resources 
)rivately  owned  land  is  especially  valuable. 
use  of  Resource  Conservation  Area   (in 
General  Plan)  designations  is  one  way 
1  use  controls  can  be  used  to  limit  the 

of  resources,  while  still  allowing  the 
ix   a  reasonable  use  of  the  land.   However, 
successful  use  of  these  tools  depends  on 
information  available,  how  it  is  used, 
on  successfully  educating  the  citizenry 
decision-makers  about  the  importance  of 
le  resources .   Managing  such  resources 
>rivate  land  must  carefully  weigh  private 
*i)erty  rights  and  the  public  benefits  of 
jiervation. 

'herefore,  there  is  a  greater  burden  on 
1  manager  of  public  lands  to  conserve  these 
L.ted  resources.   On  public  lands, 
n  icting  uses  are  much  more  easily  controlled 
1  there  is  an  opportunity  to  carefully 
/•-uate  the  impact  of  various  management 
smiques.   Detailed  ecosystem-wide  analysis 
E:he  impacts  of  controlled  burns  and  other 
iigement  techniques  prior  to  their  widespread 
p.ication  can  be  carried  out.   Since  public 
a  1  managers  are  acting  as  stewards  for  the 


people  of  the  State  and  nation,  they  have  a 
responsibility  not  to  cause  gross  and  irrevers- 
ible impacts  to  any  major  part  of  the  ecosystem, 
particularly  those  resources  limited  in  areal 
extent  and  of  high  sensitivity.   Given  the 
recent  trends  in  destruction  of  Mediterranean 
ecosystems  in  private  ownership  in  California, 
it  is  conceivable  that  public  lands  will  be 
the  last  remaining  stronghold  for  these 
ecosystems  in  any  semblance  of  a  natural 
condition . 

In  summary,  certain  areas  of  Mediterranean 
ecosystems  such  as  southern  California  have 
suffered  extensive  loss  of  sensitive  resources. 
The  continued  loss  of  these  resources  can  be 
controlled  to  a  degree  through  the  use  of 
planning  tools.   However,  these  controls  can 
only  be  effective  if  the  political  climate 
favors  resource  protection.   Education  of  the 
public  is  the  only  way  to  effect  the  political 
climate  toward  the  concept  of  resource 
protection. 
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Land  Management  Decision  IVIodel:  Planning 
the  Future  of  Fire-Dependent  Ecosystenfis^ 


O.  L.  Daniels  and  R.  W.  Mutch' 


LAND  MMACiR  INVOLVEMENT  IN  FIRE  MANAGEMENT 

Those  responsible  for  managing  vegetation  and 
people's  use  and  occupancy  of  complex  fire-related 
ecosystems  face  specific  and  special  challenges. 
The  vegetation  is  dynamic  and  can  be  physically 
manipulated  to  produce  different  outputs.   Eco- 
nomic values  are  high.   Social  and  political 
factors  are  often  entrenched  and  unrelated  to 
ecologic  realities.   A  multitude  of  physical  and 
biological  science  specialties  contribute  knowl- 
edge on  which  decisions  are  based.   Considering 
all  these  factors,  the  best  of  modern  management 
techniques  are  needed.   Because  fire  management — 
the  blending  of  traditional  fire  control  activi- 
ties with  fire  ecology  principles  and  land  manage- 
ment planning  requirements — has  an  important  role 
to  play  in  attaining  this  goal,  we  need  to  thor- 
oughly understand  the  manager's  involvement. 
There  are  few  current  examples  available  to  aid 
in  this  process.   The  Lolo  National  Forest  plan- 
ning effort  is  one  such  model. 

DeBruin  (1976)  asserted  that  "fire  management 
is  change:   it  is  a  change  in  concept,  a  change 
in  policy,  and  a  change  in  action!"   His  conclud- 
ing thought  to  the  conferees  was  that  "the  goal 
of  this  entire  effort  is  to  manage  change,  to 
enjoy  change,  because  we  believe  from  the  changes 
we  are  making  will  come  a  better  land." 

What  are  some  of  the  present-day  problems  in 
implementing  the  changing  direction?   Philpot 
(1976)  cited  these  reasons  why  only  a  small 
percentage  of  existing  knowledge  is  being  effec- 
tively applied  by  land  managers: 

1.  Lack  of  personal  commitment  or  acceptance 
of  fire's  role  in  land  management. 

2.  Lack  of  expertise  and  technical  knowledge. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

2 
Forest  Supervisor  and  Fire  Staff  Officer, 

respectively,  Lolo  National  Forest,  Forest  Service, 

U.S.  Department  of  Agriculture,  Missoula,  Mont. 


Abstract:   Integrating  diverse  biological,  physii, 
cal,  social,  and  economic  factors  in  determininEi 
land  allocation  decisions  and  scheduling  future  .; 
resource  activities  is  the  challenge  facing  lane 


managers  today.   Criteria  were  established  to 
resolve  key  issues  and  concerns  in  the  selectior 
of  an  action  program  on  the  Lolo  National  Forest 
The  early  integration  of  fire  information  into 
this  planning  process  is  a  significant  change  ir 
direction  for  the  Forest  Service.   The  end  resu] 
is  the  actual  scheduling  of  fire  suppression, 
fuel  management,  and  prescribed  fire  programs  tc 
achieve  resource  management  objectives. 


tot 


3.  The  fire  ecology  knowledge  is  not  in 
usable  form. 

4.  Lack  of  administrative  understanding  anc 
strong  leadership. 

5.  Absence  of  fire  ecology  considerations  j 
the  basic  land  management  planning  process. 

The  crux  of  the  problem  rests  largely  in  th« 
lack  of  personal  commitment.   Philpot  advocated 
an  expanded  role  for  fire  management  profession 
als,  coupled  with  training  in  fire  ecology  for 
all  land  managers . 

Kilgore  (1976)  also  included  commitment  amoi 
five  broad  goals  necessary  to  effective  long 
range  fire  management  programs: 

1.  Better  understanding  of  fire  as  a  proces 

2.  Better  understanding  of  fire  as  a  tool. 

3.  Greater  commitment  by  managers  to  use  oi 
the  land  the  best  of  what  we  already  know. 

4.  A  well-trained  cadre  of  prescribed-burn( 


5.   Greater  public  understanding  of  and  invt 
ment  in  developing  and  approving  our  management  "" 
practices . 
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A  wealth  of  technical  information  on  Meditei 
ranean  ecosystems  has  been  presented  at  the  Pale 
Alto  (1977)  and  San  Diego  symposia.   Unfortunate 
however,  a  substantial  gulf  often  exists  betweei 
knowledge  and  the  practical  application  of  that 
knowledge  to  solve  land  manag  ement  problems.  W" 
have  reviewed  som.e  of  the  reasons  that  contribute 
to  this  application  timelag.   The  remainder  of 
this  paper  will  outline  several  steps  that  we 
have  found  useful  in  applying  the  latest  fire 
ecology  information  to  the  management  of  fire- 
dependpnt  ecosystems  in  western  Montana. 

THE   RIGHT  INFORl^IATION  AT  THE  RIGHT  RESOLUTION  ; 

Land  management  planning  efforts  often  fail 
prescribe  comprehensive  fire  managem.ent  actions 
(presuppression,  suppression,  and  prescribed 
fire)  that  support  resource  objectives.   Example 
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Gen.  Tech.  Rep.  PSW-:)8.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Ra 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 


the  resulting  problems  include  the  loss  of 
'ge  forage  and  wildlife  habitat  due  to  the 
roachment  of  other  species,  suppression  damage 
na  heavy  equipment,  suppression  costs  exceeding 
ues  protected,  loss  of  plant  and  animal  diver- 
y,    unnatural  fuel  accumulations,  fire  rehabili- 
ion  programs  that  disregard  the  natural  regener- 
on  capacity  of  native  species  and  society's 
lure  to  recognize  the  true  severity  of  the 
an/wildland  fire  situation. 

Dne  remedy  to  these  problems  is  to  assist  land 
agers  in  better  integrating  fire  consider- 
3ns  into  land  management  planning  and  resource 
agement  decisions  through  "front-end  analysis." 
3  remedy  hypothesizes  that  a  skill  and  knowledge 
Lciency  is  the  primary  reason  why  resource 
agement  decisions  are  not  appropriately  support- 
jy  a  spectrum  of  fire  management  actions.   Some 
nt  debate  that  environmental  and  motivational 

ciencies  are  also  contributing  causes.   But 
re  is  evidence  to  suggest  that  the  training 

thesis  is  worth  testing. 

^at  ecosystem-related  knowledge  is  necessary  to 
nit  managers  to  more  closely  simulate  the 
iel"  condition?   The  manager  needs  to  know 

thing  about  the  area's  natural  history,  the 

cts  of  human  activities,  ecosystem  changes  over 
that  influence  land  management  decisions  (fire 

cts),  and  today's  fire  situation  (fuel 

fire  behavior  interpretations) . 

?ire  management  actions  will  support  resource 

gement  objectives  when  land  managers  have  such 
Pledge  of  fire  relationships  and  the  skill  to 

this  knowledge  during  the  planning  process. 

result  of  this  "front-end"  analysis  will  be  the 

lopment  of  presuppression,  suppression,  and 
i   use  criteria  and  actions  that  actively  further 

gement  direction.   A  recent  fire  ecology  refer- 
i   document  (Davis  and  others  1980)  provided 
;ssary  information  that  managers  needed  to 
:ify  appropriate  direction  for  resource  deci- 

s;  and  the  format  of  this  reference  document 

Id  be  of  interest  to  others. 

Phe  habitat  type  groups  used  in  this  reference 
helpful  descriptors  that  can  be  used  to  connect 
i/ecosystem  relationships  to  the  planning  process 
to  implement  fire  management  prescriptions. 
habitat  type  groups  are  recognizable  parts  of 
iystems  that  are  ecologically  distinct  in  terms 
opographic  features,  soils,  vegetation,  fuels, 
fire  behavior  potential.   The  groups  can  be 
ssified  and  mapped;  thus,  they  can  serve  as  a 
ly  index  for  many  kinds  of  information. 

<ot  only  does  the  ecosystem  stratification 
3unt  for  the  important  intra-unit  attributes, 
also  portrays  interactions  among  units.   The 
:erning  of  habitat  type  groups  in  space  (each 
'ii  inherent  biological,  physical,  and  climatic 
■eiures)  guides  a  logical  process  in  formulating 
na  agement  decisions. 


PLANNING  PROCESS  ON  THE  LOLO  NATIONAL  FOREST: 
DECISION  MODEL 


THE 


The  planning  process  used  to  allocate  land  to 
different  resource  purposes  and  schedule  resource 
management  activities  on  the  Lolo  National  Forest 
complied  with  requirements  of  the  National  Forest 
Management  Act  of  1976.   The  Forest  Plan  (1980) 
established  integrated  land  management  direction 
and  time  frames  for  implementation;  direction  for 
implementing,  monitoring,  and  evaluating  projects, 
activities,  programs,  and  budgets;  and  criteria  for 
amending  and  revising  the  plan. 

One  novel  aspect  of  this  new  planning  process  is 
that  52  public  issues  and  management  concerns 
identified  on  the  Lolo  National  Forest  provided  the 
focus  for  all  subsequent  planning.   (Former  land 
management  planning  methods  relied  on  almost  ency- 
clopedic amounts  of  inventory  data  and  information, 
whether  it  was  needed  or  not.)   A  public  issue  is  a 
resource  management  subject  or  question  of  wide- 
spread public  interest  identified  through  public 
participation.   A  management  concern  is  a  problem 
requiring  resolution  or  a  condition  constraining 
management  practices  as  identified  by  the  inter- 
disciplinary team.   Public  issues  and  management 
concerns  were  resolved  through  one  or  more  of  the 
following  processes:   quantitative  analysis  using  a 
mathematical  model;  forest  policies;  forest  manage- 
ment standards  and  guidelines;  and  prescriptions 
establishing  specific  management  practices  for 
management  areas. 

This  issue-driven  and  systematic  planning  process 
insures  that  fire-related  information  is  integrated 
with  other  data  at  the  very  onset  of  planning. 
These  steps  are  being  followed  on  the  Lolo  National 
Forest  to  integrate  fire  considerations  into  the 
Forest-wide  management  plan: 

1 .  Identify  the  issues  and  management  concerns. 

The  fire  management  issues  and  management  concerns 
on  the  Lolo  National  Forest  revolved  around  basic 
questions  about  how  much  fire  can  be  used  to  achieve 
resource  objectives  within  air  quality  standards, 
how  compatible  fire  use  and  suppression  programs 
are  with  the  role  of  fire  in  various  ecosystems, 
and  how  cost  effective  the  fire  suppression  program 
is  upon  implementation. 

2.  Develop  planning  criteria  (e.g.,  for  data 
base,  analysis  of  management  situation,  alternative 
formulation,  estimating  effects  of  alternatives, 
evaluation  and  selection  of  alternatives). 

3.  Develop,  Process,  and  interpret  fire  data 
base.   Assess  implications  of  historical  fire 
cycles;   evaluate  fire  behavior  potential  recog- 
nizing several  levels  of  resolution  (experience  and 
judgment.  National  Fire  Danger  Rating  models, 
nomographs,  photo  series,  on-the-ground  fuel 
inventories);  determine  fire  management  implica- 
tions and  opportunities. 
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A.  Integrate  fire  information  into  the  land 
stratification  framework  (e.g.,  ecological  land 
units,  habitat  tyoes,  major  ecosystems,  etc.).   An 
example  of  this  step  is  presented  in  a  paper 
titled  "Fire  Ecology  of  the  Lolo  National  Forest 
Habitat  Types"  by  Davis,  Clayton,  and  Fischer 
(1980).   This  integration  is  used  in  the  analysis 
of  the  management  situation. 

5.  Formulate  land  management  alternatives  and 
develop  fire  management  direction. 

6.  Evaluate  fire  and  economic  effects  of  alter- 
natives. 


7 .  Select  a  management  alternative  and  its  fire 
management  direction.  The  guidance  is  in  the  form 
of  broad  direction  for  various  resource  activities 
including  wildlife,  timber,  esthetics,  and  wilder- 
ness . 

8 .  Prepare  operational  fire  management  plans. 
This  is  really  the  bottom  line  to  the  whole  plan- 
ning process:   action  programs  on  the  ground  that 
support  land  management  objectives. 

9.  Feedback.   Monitor  and  continually  refine  the 
process. 

10.  Amendment  and  revision. 

The  "front-end"  integration  of  fire  information 
into  the  planning  process  is  a  significant  change 
in  direction  for  the  Forest  Service.  On  the  Lolo 
National  Forest  we  are  making  a  positive  effort  to 
manage  the  change,  to  enjoy  the  change,  and  to 
assure  more  thoughtful  management  decisions  because 
of  the  change.   We  certainly  don't  have  all  the 
answers  on  how  to  most  effectively  implement  change. 
But  we  do  have  the  commitment,  the  climate,  and  the 
interdisciplinary  concept  to  learn  as  we  go. 

In  addition  to  manager  commitment,  technical 
ecosystem  data,  and  a  systematic  planning  process, 
two  additional  components  are  essential  in  imple- 
menting changes  in  resource  management  programs. 
Those  two  components  involve  building  a  receptive 
organization  and  developing  public  understanding. 

DEVELOPING  AN  ORGANIZATION 

Once  a  resource  manager  is  committed  to  the 
total  fire  management  job,  a  responsive  organi- 
zation must  be  built.   The  organization  needs  to 
provide  the  expertise  and  manpower  to  do  the  sup- 
pression, land  management  planning,  inventory,  and 
fire  management  activities;  and  supply  the  neces- 
sary information  concerning  the  ecosystems  invol- 
ved.  It  is  important  to  organize  in  a  manner  that 
will  keep  presuppression  and  suppression  costs 
within  bounds  so  that  funds  are  available  to  imple- 
ment the  rest  of  the  program. 

Some  of  the  organizational  steps  leading  to 
successful  accomplishment  include: 
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•  Assembling  the  right  team  with  the  right 
frame  of  mind.   Acquire  the  proper  mix  of  gener- 
alists  and  specialists  with  a  firm  grasp  of  eco-1 
system  dynamics.   Hire  missing  skills  if  necessai 
Recognize  that  a  new  concept  is  often  implementec 
because  of  an  individual's  commitment,  not  the   j 
organization's  commitment.   When  an  individual 
transfers,  the  new  concept  often  transfers  with 
him;  strive  to  replace  key  people  with  like  peop] 

•  Develop  a  productive  climate  for  change.  Set 
the  example  of  receptivity  to  change.  Encourage! 
interdisciplinary  approach  on  problems.  Insist  ' 
that  fire  personnel  interact  with  other  specialls 
early  in  the  planning  process.  Provide  for  chal 
lenging  training.  Establish  priorities  and  reasc' 
able  schedules  to  assure  a  high-quality,  profes- 
sional effort. 


to> 
iorta: 


•  Seek  opportunities  to  implement  change  on 
the  ground  .  .  .  and  demonstrate  a  capability 
to  apply  current  state-of-the-art  procedures. 

«  Match  fire  management  strategies  to  land 
management  objectives. 

•  Take  calculated  risks.  Risk  taking  is  a  pai 
of  the  job  if  we  are  doing  right  things.  Don't 
shut  a  program  down  when  the  going  gets  tough.  I, 
alert  to  invalid  attacks  and  take  immediate  actic 
to  counter  them  with  facts.  Expect  a  professiona' 
and  thorough  planning  job  and  critical  review  — 
and  support  subordinates  in  a  risk  situation.  Be 
prepared  to  establish  and  defend  a  shift  in  fundi 
emphasis. 

•  Establish  effective  inform  and  involve  pro- 
grams .   Reach  public  and  Government  agency  groups' 


ipr.  ; 


•  Kilgore  cautions  to  avoid  any  bandwagon 
approach  to  the  use  of  fire:   "while  there  is  soiif' 
element  of  risk  in  reasonable  fire  management,  we'''- 
will  lose  both  credibility  with,  and  support  of, 
knowledgeable  fire  control  experts  as  well  as 
support  of  the  public  if  we  do  not  use  the  best 
possible  professional  skills  and  judgment  in  our 
use  of  fire  in  the  forest." 


•  Maintain  an  aggressive  fire  suppression 
capability.   We  will  be  able  to  proceed  only  as 
fast  as  our  ability  to  contain  fire  when  and  wher|' 
we  want  it.  I 


INFORM  AND  INVOLVE  EFFORT 

Concurrent  with  planning  and  organizing  for  a 
comprehensive  fire  management  program,  it  is 
necessary  to  develop  a  satisfactory  public  and 
political  environment  for  change.   All  people  nee 
to  understand  and  accept  the  role  of  fire  in 
ecosystems.   This  requires  a  factual  and  objectiv 
portrayal  of  fire  history  regimes  and  the  effects 
of  fire  on  plant  and  animal  communities.   Armed 
with  the  pertinent  facts,  the  various  publics  the 
need  to  have  ample  opportunities  to  comment  on 
different  fire  management  strategies  to  achieve 
land  management  objectives. 


;  :£;; 


I 


Public  support  should  be  nurtured  early  in 
gram  development  so  that  later  "surprises"  are 
imized.   Even  the  best  conceived  efforts  are 
med  to  negative  confrontations  ev»:ry  time  the 
lie  is  surprised  -.'ith  unexpected  fire  results. 

if  the  public  well  understands  the  role  fire 
ys  in  maintaining  the  viability  of  many  eco- 
tems,  they  will  be  in  a  much  better  position  to 
ept  such  tradeoffs  as  reduced  air  quality 
ulting  from  prescribed  fire. 

These  facets  of  the  infoi-m  and  involve  job  are 
to  effective  program  accomplishment: 

•  Full  commitment  of  facts  and  knowledge  to  the 
Drtant  issues. 

The  internal  audiences  (our  own  people)  are 
aimportant  as  the  external  audiences.   Don't 
O'get  to  build  under.standing  with  the  maintenance 
eson  in  the  motor  pool  and  the  receptionist  on 
h  front  desk  .  .  .  they  make  numerous  daily 
o:acts,  too. 

•  We  need  to  involve  the  public  in  the  decision- 
aliii^  process,  as  well  as  informing  them.   But 

a's  involve  an  informed  public. 


The  presence  of  fire  cycles  has  been  well 
documented  for  western  Montana  in  recent  years. 
These  cyclic  fires  played  a  variety  of  roles  that 
included    (1)  seedbed  preparation,  (2)  recycling 
of  nutrients,  (3)  setting  back  plant  succession, 

(4)  providing  conditions  favorable  for  wildlife, 

(5)  providing  a  mosaic  of  age  classes  and  vegeta- 
tion types,  (6)  reduction  of  numbers  of  trees 
susceptible  to  attack  by  insects  and  disease,  and 
(7)  reduction  of  fire  hazard. 

Several  categories  of  fire  management  actions 
have  been  established  on  the  Lolo  National  Forest 
in  response  to  property  values,  economics,  and 
resource  objectives.   The  first  is  the  wildland/ 
homes  fire  management  situation  where  life  and 
property  values  are  so  high  that  we  want  to  achieve 
immediate  control  of  fires.   Many  more  people  are 
building  homes  in  wildland  areas  where  fires  are 
common.   An  interagency  fire  prevention  and  sup- 
pression program  is  being  developed  that  will 
enable  people  to  live  more  compatibly  within 
wildland  ecosystems  that  periodically  burn.   In  the 
modified  dispatch  fire  management  situation, 
initial  attack  dispatch  procedures  were  modified  to 
improve  the  cost  effectiveness  of  suppression 
actions  during  low  fire  danger  periods. 


•  The  inform  and  involve  effort  is  everyone's 
It  cannot  simply  be  delegated  to  Public 

brmation  Officers. 

I*  Appreciate  the  importance  of  sincere  one-on- 
I  communications  with  many  people. 

•  Go  beyond  a  "key  people"  list  of  contacts, 
into  the  schools  and  service  groups;  reach  the 

>o:i-in-the-street . 

•  Be  imaginative  and  innovative  in  approaches. 
good  use  of  audio-visual  aids.   Avoid  the 

eotyped  "public  meeting"  atmosphere. 

•  Remember  that  the  name  of  the  game  is  commu- 
tion:   a  two-way  exchange  of  information  and 

c  IS.   Be  a  good  listener. 

Recognize  critical  audiences  and  approach 
1  with  an  honirst  desin-  to  build  understanding. 

•  Identify  air  quality  concerns  as  a  crucial 
urce  manager:. ent  issue  and  approach  it  in  a 

r1 essional  and  competent  manner.   We  have  smoke- 
es  tobacco  but  not  smokeless  fires.  Prepare  the 
ul  ic  to  appreciate  some  smoke  as  an  inevitable 
vioduct  of  prescribed  fire  programs, 

UI  ENT  FIRE  MANAGTI-'ENT  PROGRAM 

Hlstoricall}',  fire  has  been  a  frequent  visitor 
5  cosystems  on  the  2,000,000  acres  of  the  Lolo 
atonal  Forest.   Data  compiled  for  the  period 
9!  to  1974  indicate  an  average  of  180  fires  per 
e; .   About  two-thirds  of  these  fires  are  light- 
ii -caused  and  one-third  are  man-caused. 


Unplanned  fires  started  by  humans  and  lightning 
are  permitted  to  burn  under  approved  prescriptions 
to  fulfill  wildlife  and  wilderness  objectives. 
These  fire  management  areas  pose  little  threat  of 
fires  burning  outside  the  boundaries  and  causing 
resource  and  property  damage.   Over  310,000  acres 
on  the  Lolo  National  Forest  have  been  allocated  to 
observation  fire  management  areas  in  the  current 
program.   These  fires  are  monitored  daily  to  insure 
they  remain  in  prescription. 

The  use  of  prescribed  fire  is  expanding  to  meet 
resource  objectives:   reducing  the  fire  hazard 
after  logging,  exposing  mineral  soil  for  seedbeds, 
regulating  insects  and  diseases,  changing  the 
composition  of  species  in  plant  communities, 
improving  the  yield  and  quality  of  forage,  improv- 
ing wildlife  habitat,  maintaining  aesthetic  quality 
and  appearance  of  campgrounds  and  historical  areas, 
and  perpetuating  natural  ecosystems  in  wilderness. 
Increasing  public  concerns  over  air  quality  require 
the  development  of  smoke  management  strategies  that 
minimize  unwanted  effects  by  shifting  some  burning 
programs  to  spring  and  summer  months  to  avoid  fall 
air  stagnation  problems,  using  more  logging  resi- 
dues for  other  purposes  such  as  firewood  so  that  a 
smaller  quantity  of  material  requires  burning,  and 
improving  our  forecasting  capability  to  insure 
adequate  smoke  dispersal. 

SUMMARY 

Several  important  facets  of  any  fire  management 
program  must  be  understood  by  everyone.   First, 
there  are  risks  involved  — primarily  the  risk  of 
fire  escaping.   Also,  fire  management  programs  will 
cost  money  —  money  for  the  inventories,  planning, 
and  fire  monitoring  activities. 
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Smoke  in  the  atmosphere  will  be  another  inevitable 
by-product. 

Faced  with  the  risk  factor,  costs,  smoke,  and 
possible  public  controversy,  the  question  might  be 
asked,  "Why  do  it  at  all?"   Because  the  benefits 
are  substantial.   Integrating  fire  considerations 
into  the  land  management  planning  process  should  be 
cost  effective  in  the  long  run,  improve  ecosystem 
productivity,  help  prevent  conflagrations,  and 
provide  tangible  results  to  society. 

A  fire  management  program  that  is  fully  inte- 
grated into  the  total  land  management  program  of  a 
National  Forest  has  definable  elements.  Because 
this  integration  effort  is  a  change  from  the  past, 
there  are  few  guidelines  to  follow.   The  people  on 
the  Lolo  National  Forest  have  developed  the  ele- 
ments of  their  program  as  follows: 

1.  Develop  and  maintain  commitment  of  the  top 
management  team  to  basic  concepts. 

2.  Maintain  aggressive  fire  suppression 
capability. 

3.  Develop  an  organization  to  provide  exper- 
tise and  manpower  to  carry  out  the  program. 

4.  Develop  and  use  processes  of  planning  that 
integrate  fire  considerations  into  ongoing  activi- 
ties. 

5.  Develop  fire  knowledge  base  to  the  unit. 

6.  Develop  and  maintain  public  and  political 
acceptance  of  these  programs. 

7.  Implement  the  program  by  getting  fire  into 
the  ecosystems  in  a  way  that  meets  objectives. 
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The  key  factor  in  the  entire  program  is  the 
land  manager  and  management  team  —  their  commit- 
ment and  drive.   They  need  to  understand  the  con- 
cepts, have  a  vision  of  where  they  are  going,  and 
have  the  courage  to  take  the  risks  involved. 

Daniels  (1976) ,  expanded  upon  the  idea  of 
commitment  in  some  detail: 


Philpot,  Charles  W.   1976.   Are  land  managers 
applying  our  current  knowledge  of  fire  ecoloij;. 
Proceedings  of  the  Tall  Timbers  fire  ecology  ;.^^ 
conference  and  Intermountain  Fire  Research 
Council;  1974  October  8-10;  Missoula,  Mont.:  > 
Tallahassee,  Fla. :   Tall  Timbers  Research  St^ 
1976:   430-433. 


"A  manager  should  be  willing  to  commit  his 
personal  time  to  the  {;rogram,  otherwise  it  will  not 
succeed.   Fire  management  brings  together  all  the 
elements  of  complex  land  management:   public 
emotions,  professional  emotions,  economics,  envi- 
ronmental impacts,  a  high  risk  of  heavy  capital 
expenditure.   All  these  things  mean  that  the  man- 
ager should  be  deeply  involved  in  the  decision 
making.   He  is  the  one  who  must  balance  the  com- 
plexities and  reach  a  meaningful  decision.   Con- 
sidering the  -.newness  of  the  concepts,  I  believe  it 
is  a  nondelegable  responsibility." 


The  reward  in  better  land  management  and  pro- 
fessional satisfaction  makes  the  effort  well  worth- 
while. 
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wildfire  problem  in  California's  Mediterranean 
hate  region  is  one  of  the  most  severe  in  the 
d.   Recent  findings  of  a  Governor's  Task 
e  say  that  the  trend  is  worsening,  due  among 
r  things  to  more  population  in  rural  and 
tainous  areas,  unwise  construction  and  the 
inued  accumulation  of  highly  flammable  wild- 
fuels  (California  Governor's  Office,  1981). 

riting  of  the  disastrous  1970  California  fire 
on,  Countryman  (1974)  concluded  similarly  that 
mate,  fuels,  topography  and  people  create"  the 
problem . 

his  paper  focuses  on  the  fuels  element  of 
e  factors,  and  particularly  on  the  use  of 
cribed  fire  to  reduce  these  fuels  on  a  large 

with  emphasis  on  the  chaparral  and  other 
b  formations  on  private  land  in  California. 

^ribed  fire  is  effective  in  reducing  fire 
ifrds  in  the  chaparral  because  fires  in  this 
■p  are  carried  by  accumulations  of  dead  vege- 
iton  which  are  age-related:  the  younger  the 
;cd,  the  less  dead  wood  there  is  to  carry  fire 
'hlpot,  1977)  (Green,  1981).   Thus,  burning  off 
leaccumulation  of  dead  material  under  prescribed 
)tiitions  reduces  the  hazard  of  intense  wildfires 
x nany  years  . 

California  Department  of  Forestry  (CDF)  is 
i   J  with  the  fire  protection  responsibility 

T  ipproximately  50  percent  of  the  shrub  form- 
ii  lands  in  California  (Calif.  Dep.  of 
r  try,  1981),  most  of  which  are  privately  owned, 

ie  •  has  been  an  active  permit  burning  system 
H'  1945,  whereby  landowners  have  conducted 
e  ribed  burns  on  their  property  at  their  own 

ii  ative,  risk  and  expense.   However,  ther^  has 
•?  no  way  for  the  CDF  to  actively  target  areas 
r  uel  reduction.   In  addition,  prescribed  burn- 


resented  at  the  Symposium  on  Dynamics  and 
ement  of  Mediterranean-type  Ecosystems, 
22-26,  1981,  San  Diego,  California 

anager ,  Vegetation  Management  Program, 
fornia  Dep.  Forestry,  the  Resources  Agency, 
amento,  California. 


Abstract:   Senate  Bill  1704  (Keene)  is  a  key  piece 
of  state  legislation  that  allows  the  California 
Department  of  Forestry  to  cost-share  in  prescribed 
burning  on  private  land.   Top  management  in  CDF 
and  other  organizations  have  been  involved  with 
framing  the  legislation,  developing  realistic 
budgets  and  staffing  key  positions.   Middle  manage- 
ment, with  extensive  public  involvement,  produced 
the  program  environmental  impact  report  and 
regulations.   Public  involvement  resulted  in 
significant  changes.   Funding  is  uncertain.   The 
program  is  now  legally  ready  for  operations  in 
the  field. 


ing  on  private  land  has  declined  in  the  state 
since  the  mid-1950's  (Phillips,  1977). 

For  these  reasons,  top  management  in  the  CDF 
and  other  agencies  nurtured  a  lengthy  process  of 
lawmaking  that  resulted,  on  July  16,  1980,  in 
Governor  Brown  signing  Senate  Bill  1704   into  law. 

Sponsored  by  Senator  Barry  Keene  of  Mendocino, 
this  pioneering  legislation  removed  major 
obstacles  to  effective  management  of  these  private 
lands.   The  law  becomes  effective  on  July  1,  1981. 
Its  basic  provisions  are  these: 

1.   The  Director  of  the  CDF  "may  enter  into  a 
contract  for  prescribed  buring  with  the  owner  or 
any  other  person  who  has  legal  control  of  any 
property  which  is  included  in  any  wildland  for  any 
of  the  following  purposes,  or  any  combination 
thereof  :" 


(a) 
fires.  . 
(b) 
(c) 
(d) 
(e) 
(f) 


Prevention  of  high-intensity  wildland 

Watershed  management 
Range  improvement 
Vegetation  management 
Forest  improvement 
Wildlife  habitat  improvement 


2.  The  state  may  assume  a  proportionate  share  of 
the  costs,  in  terms  of  personnel  and  equipment, 
of  site  preparation  and  prescribed  burning,  to 

90  percent  of  the  total  cost. 

3.  The  CDF  will  provide  a  third-party  liability 
policy  of  insurance  which  provides  coverage 
against  loss  resulting  from  a  wildland  fire  sus- 
tained by  any  person  or  public  agency,  including 
the  federal  government. 

Federal  lands  are  specifically  excluded  from 
receiving  cost-sharing  funds  from  the  state,  but 
otherwise  cooperation  is  encouraged  by  the  law. 


Exceptions  are  the  Counties  of  Santa  Barbara, 
San  Benito,  Kern  and  Shasta,  which  have  active 
range  improvement  associations. 

4 
Public  Resources  Code  Section  4104,  4462,4464, 

4475,  4476,  4491,  4493,  4494,  4475.5  and  4478. 

Health  and  Safety  Code  13009. 
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With  the  authority  of  SB  1704,  CDF  can 
actively  assist  in  the  management  of  private 
shrub-formation  lands,  without  infringing  on 
landowner  rights.   Further,  federal  agencies  such 
as  the  U.S.  Forest  Service,  Bureau  of  Land 
Management  and  National  Park  Service,  and  the 
State  Department  of  Parks  and  Recreation,  can  now 
plan  and  execute  prescribed  burns  in  concert  with 
intermingled  private  lands. 

The  advantages  of  having  all  landowners/ 
managers  in  an  area  able  to  participate  in  a 
prescribed  burn  are  obvious:  projects  can  be 
designed  using  logical  boundaries  such  as  roads 
and  vegetation  changes,  which  aid  control  and 
lower  costs;  the  chances  for  an  "escape"  are 
reduced,  and  economies  of  scale  can  be  realized 
by  all  participants. 

In  summary,  SB  1704  provides  the  legal 
authority  to  fill  the  critical  gap  that  had 
tended  to  discourage  private  landowners  from 
participating  in  an  overall  pattern  of  shrubland 
management  with  their  federal  and  other  neighbors. 
This  paper  discusses  how  various  management 
levels,  organizations  and  interest  groups  par- 
ticipated in  the  framing  of  the  law,  and  how 
they  have  influenced  planning  to  the  present  time. 
The  paper  concludes  with  a  brief  discussion  of 
program  funding. 


THE  ENABLING  AUTHORITY  AND  PROGRAM: 
MANAGEMENT  ROLES 


TOP 


The  job  of  developing  and  implementing  this 
or  any  legislation  falls  to  elected  representa- 
tives in  the  California  Legislature,  and  to  top 
management  in  state  agencies  and  departments. 
The  roles  of  the  state  executives  can  be  divided 
into  the  following  categories: 

1.  Sensing  the  needs 

2.  Finding  and  working  with  interested 
Assemblymen  and/or  Senators 

3.  Building  a  consensus  of  support  from 
involved  constituencies 

4.  Drafting  the  legislation  with  the  help 
of  those  most  affected  by  it 

5.  Developing  realistic  budgets  and  seeking 
viable  funding  avenues 

6.  Staffing  the  new  program's  key  positions 

7.  Monitoring  and  directing  middle 
management 

In  the  case  of  SB  1704,  as  in  many  other 
bills,  items  1-5  were  done  concurrently.   Ideas 
from  one  role  area  impact  development  in  others, 
so  there  is  a  continuous  feedback  and  correction, 
or  successive  iteration  process  that,  when  skill- 
fully managed,  results  in  a  solid  consensus  on 
legislative  language  and  broad  funding  support. 


The  process  of  developing  this  broadly 
supported  enabling  authority  for  a  major  new-   |_, 
emphasis  program  takes  at  least  two  years.   In 
the  case  of  SB  1704,  it  took  3  years  of  concen- 
trated attention  by  top  management  to  get  us 
where  we  are  today.   The  law  takes  effect  in  a 
few  days. 


An  effort  of  this  magnitude  is  too  much  for 
any  one  government  entity  to  accomplish  alone.   ■ 
It  will  continue  to  require  the  support  of  many 
organizations  and  individuals  to  make  it  happen 
Fortunately,  many  agencies  in  California  have 
recently  signed  an  agreement  to  participate  in 
Coordinated  Resource  Management  Planning  (CRMP) 
This  agreement  provides  a  framework  for  coordi- 
nating various  agency  roles  over  many  land 
jurisdictions  and  ownerships.   Table  1  summariz 
involvement  to  date.  (• 

tf 

One  of  the  conclusions  that  may  be  drawn  fr 
a  perusal  of  Table  1  is  that  there  exists  a 
general  perception  of  need  to  manage  Calif ornia J  *■ 
shrub-formation  ecosystems  by  the  use  of       i  . 
prescribed  fire.   A  proposal  must  have  intrinsi 
value  to  elicit  participation  and  support  over 
wide  a  spectrum  of  interests. 


Before  moving  on  to  middle  management  roles 
a  few  comments  are  in  order  on  funding  and  staf 
ing ,  as  seen  from  top  management  perspectives. 
One  key  decision  made  about  funding  the 
Chaparral  Management  Program  (as  the  operationa  — 
entity  to  implement  SB  1704  is  called)  was  to  d 
so  out  of  the  state's  new  Energy  Resources  Fund  kl 
(erf).   This  fund  uses  tidelands  oil  revenues  t 


provide  natural  resources  investment  capital  in 
the  state.    This  fund  is  the  state's  venture 


capital  for  promising  new  initiatives.   The 
presumption  is  that  new  programs  which  demon- 
strate favorable  benefit/cost  ratios  and  public 
support  will  survive  to  be  funded  by  the  state 
General  Fund.   As  conceived,  ERF  is  an  extra- 
ordinarily astute  way  of  channelling  revenues 
from  depletable  resources  into  long-term 
renewable  resources.   Unfortunately  and 
ominously,  the  ERF  fund  is  currently  being  eye(|  W 
by  a  budget-short  legislature  and  others. 
Proposals  for  funding  everything  from  railroadii 
to  schools  are  beginning  to  emerge.   As  of  thi;| 
writing,  the  Chaparral  Management  Program  will  le 
have  total  financing  of  about  $3,100,000  in  st| 
Fiscal  Year  1981-82,  which  begins  July  1,  198l' 
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Memorandum  of  Understanding  for  Coordinat 
Resource  Management  Planning  in  California;  in] 
process  of  being  signed.  May  1981. 

^Public  Resources  Code  26400-26407,  Statut 
of  1980. 
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ible  1  — Summary  of  Cooperating  Entities  in  the 
aparral  Management  Program 


State 

Federal 

cf.  of  the  Governor 
le  Calif .Res .Agency 
tlif.Bd.  of  For. 
flif.Dep.of  For. 
primary  leadership) 
liv.of  Calif, Coop. 
;t.  Serv. 

p. of  Fish  &  Game 
p. of  Water  Res . 
ip.of  Parks  &  Rec. 
p.  of  Conservation 
r  Resources  Bd. 
ip.  of  Food  &  Agri. 

-i-USDA,  Forest  Serv. 
+USDA,  Soil  Conserv. 

Service 
+USDI,  Bur.  o^  Land 

Management 
+USDI,  Nat.  Park  Serv. 
USDI,  Bur.  of  Indian 

Affairs 
USDI,  Fish  &  Wildlife 

Service 
USDA,  Agri.  Stabiliz. 
&  Conserv.  Serv. 

4 
Private 

Local 

s.  Conservation 
istricts 

'il  &  Water  Cons. 

istricts 

r  Pollution  Control 

istricts 

leal  Water  and/or 

lood  Cons.Dists. 

+Calif.  Cattlemen's 

Association 

The  Nature  Conserv. 

Sierra  Club 

The  Audubon  Society 

Range  Improvement 

Associat  ions , 

Counties:  Kern,  Santa 

Barbara,  San  Benito, 
Shasta 

i 

mbol  meaning: 

Initiating  or  other  key  roles 

*lajor  supportive  roles  and/or  parallel  programs 

on  public  lands 

o  symbol  indicates  formal  involvement  in  one 

or  more  phases  of  work. 

urce:  Final  Environmental  Impact  Report,  Calif. 
=p.  of  Forestry,  1981. 

s  signed  agreement  to  participate  in  Coordi- 
ated  Resource  Management  Planning 

Ls  list  is  merely  a  sampling  of  private 
ivolvement.   A  complete  list  would  take  more 
oace  than  is  available  here. 


"A  second  key  decision  concerning  funding 
nilved  the  integration  of  the  Chaparral 
aigement  Program  with  the  Fire  Suppression 
r;ram,  by  means  of  integrated  use  and  funding  of 

)F-run  helicopter  fleet.   Analysis  showed  that, 
yibtaining  surplus  military  medium-turbine 
e  copters  and  operating  them  with  contract 

jits,  CDF  could  achieve  these  things: 


a.  Have  year-around  use  of  helicopters,  of 

b.  much  greater  lift  and  crew  capacity  than 
provided  by  the  light-turbine  ships  previously 
contracted  for,  at 

c.  only  slightly  more  expense  per  year  than 
the  light-turbine  cost  for  the  107  day  fire 
season  alone  ,  and 

d.  ensure  the  availability  of  the  aircraft 
for  helitorch  work,  when  needed. 

What  this  means  is  that  very  large  economies 
can  be  achieved,  i.e.  fire  suppression  capability 
will  be  greatly  enhanced,  while  helitorch 
operations  will  cost  the  state  very  little  at  the 
margin.   This  plan  has  been  vigorously  attacked 
by  the  helicopter  industry,  but  at  this  writing, 
funding  for  the  plan  is  apparently  going  to  be 
approved  by  the  Legislature. 

Staffing  of  the  key  middle-management  positions 
at  the  Sacramento  level  was  done  directly  by  CDF 
top  management.   Program  staff  were  carefully 
selected  from  CDF  ranks  while  a  search  for  a 
program  manager  was  conducted  within  CDF  and  else- 
where.  Selection  of  the  author  for  this  position 
was  done  in  October  of  1980,  from  the  ranks  of 
the  USDA,  Forest  Service.   An  Intergovernmental 
Personnel  Act' agreement  is  the  instrument  by 
which  this  two-year  assignment  is  authorized. 

PROGRAM  DEVELOPMENT,  PLANNING  AND  POLICY: 
MIDDLE  MANAGEMENT  ROLES 

As  used  in  this  paper,  the  term  "middle 
management"  refers  specifically  to  the  tiers  of 
an  organization  that  are  just  below  the  decision- 
making, or  "line  officer",  level. 

The  nature  of  middle  management's  role  is  to 
make  recommendations,  based  on  sound  technical 
analysis,  budget  constraints,  and  organizational 
and  political  realities.   When  these  recommen- 
dations are  such  that  top  management  can  ratify 
them  with  only  minor  changes,  middle  management 
has  succeeded  and  the  program  develops  smoothly. 
A  major  prerequisite  for  this  success  is  frank 
and  frequent  communication  between  the  levels, 
so  that  false  starts,  wrong  assumptions  and  other 
errors  that  waste  critical  time  are  minimized. 

The  program  development  phase  may  be 
conceived  of  as  the  second  side  of  a  triangle 
which  represents  a  fully  operational  program. 

The  third  side,  Operations,  may  be  thought 
of  as  the  "feedback  side"  to  the  Enabling 
Authority:   the  success  on  the  ground  that 
determines  continued  acceptance  and  funding  in 
the  future;  the  support  of  landowners  and  the 
public  that  translates  into  legislative  support. 


3  U.S.  C.  3371-3376,  1970. 
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A  program  with  these  three  legs  in  place  is 
a  very  stable  one.   The  CDF  and  cooperators 
(Table  1)  have  nearly  completed  the  program 
development  phase,  and  field  operations  will 
begin  within  the  next  few  months. 

The  broad  middle  management  tasks  of  develop- 
ing the  Chaparral  Management  Program  are 

1.  Development  of  Regulations  and  a  Program 
Environmental  Impact  Report 

2.  Budget  development,  presentation  and 
defense 

3.  Training 

4.  Detailed  Program  Planning 

All  of  these  must  be  done  with  the  active 
involvement  of  interested  groups  and  individuals. 

Because  the  first  of  these  broad  tasks  has 
just  been  completed,  because  it  is  the  area  of 
planning  most  directly  benefitted  by  a  symposium 
such  as  this  one,  and  because  it  illustrates  well 
the  way  in  which  various  interest  groups  get 
involved,  we  should  look  closely  at  it. 

Development  of  regulations  is  required  by 
Section  4475.5(b)  of  the  Public  Resources  Code. 
Protection  of  the  environment  by  the  state,  while 
the  state  is  engaged  in  activities  that  signifi- 
cantly affect  the  environment,  is  required  by  the 
California  Environmental  Quality  Act  of  1970.8 
Thus,  regulations  must  incorporate  provisions  for 
protection  of  the  environment. 

A  decision  was  made  by  CDF  top  management  to 
meet  the  requirements  for  environmental  protect- 
ion in  part  by  preparation  of  a  program  environ- 
mental impact  report  (EIR).  The  purposes  of  the 
report  are  probably  familiar  to  most  of  you. 
Briefly,  they  are: 

1.  describe  affected  ecosystems; 

2.  present  a  discussion  of  how  the  proposed 
action  will  affect  these  systems; 

3.  highlight  any  adverse  impacts  that  are 
foreseen ; 

4.  prescribe  specific  mitigation  measures 
to  bring  the  adverse  impacts  within  acceptable 
limits ; 

5.  discuss  a  range  of  alternatives  that 
might  achieve  similar  goals,  and  explain  why  the 
proposed  action  is  preferred  over  them. 

The  process  of  environmental  impact  report 
preparation  and  adoption  is  a  legal  and  formal 
one.   Interested  groups  and  the  general  public 
have  chances  to  provide  suggestions,  comments 
and  objections  through  two  formal  avenues: 
written  comments  on  the  Draft  EIR  and  Regulations, 


and  oral  comments  at  formal  meetings  of  the  Stat 
Board  of  Forestry.  In  the  case  of  the  Chaparral 
Management  Program,  nearly  100  percent  of  the 
formal  public  response  was  in  the  form  of  writtd 
comment  s .  :  t  i 

We  received  46  letters.  Under  the  Calif orniljrt 
Environmental  Quality  Act,  all  such  letters  mustjrt 
be  answered  in  detail.  Further,  the  letters  ancliti 
replies  must  be  published  as  part  of  the  final  Mj  r 
when  it  is  presented  for  adoption. 


These  letters  and  replies  provide  a  most    i; 
interesting  record  of  how  various  interest  grouji 
within  the  state  view  the  program,  and  of  how 
their  views  shaped  the  final  document.   In 
democratic  government,  the  process  of  public 
involvement  is  much  more  than  a  token  listening 
to  comments.   In  the  case  of  the  Chaparral  Manaj 
ment  Program,  the  process  definitely  shaped  the 
final  result.   Some  examples  here  will  be  helpfu' 
to  illustrate  this.   We  will  look  at  these  3 
issues  in  detail: 


iced 
lirna 


1.  private  property  rights  vs.  state  contn 
and  CEQA 

2.  issues  involving  land  management 
ob j  ect ives 

3.  burning  in  the  winter  and  spring  seasowittf 

The  discussion  will  cite  letters  from  the 
published  Final  EIR  and  Comments,  by  letter 
number,  as  references  for  the  points  i  1  lustratei-: 


Private  property  rights  vs.  state  control  i 
an  issue  of  ongoing  importance,  and  has  been  si 
the  earliest  days  of  the  conservation  movement 
in  the  United  States  (Pinchot,  1947).   The 
SB  1704  program  cannot  work  without  the  support 
of  landowners,  nor  can  it  be  legally  implements 
without  safeguards  to  the  environment.   To  assuJ 
the  latter,  a  written  management  plan  is  needed! 
The  Board  of  Forestry's  Range  Management  Adviso; 
Committee,  which  is  made  up  largely  of  ranchers 
and  range  managers,  had  recognized  the  need  for 
ongoing  management,  not  just  the  use  of  fire. 
Yet  both  the  California  Cattlemen's  Association 
(#328)  and  rancher  Richard  Wilson  (#11,  #19) 
expressed  suspicion  of  long-term  plans.  Mr.  Wil 
was  particularly  concerned  about  questions  of 
access  and  interagency  roles.   Professor  Omi 
(#33)  reinforced  the  need  for  good  plans  as  a  w 
to  determine  priorities.   Our  reply  to  the  Catt 
men's  Association  on  this  point  (#28  reply)  sum 
up  the  balance  we  tried  to  achieve:   "The  land-j 
owner's  stewardship  attitude  is  expressed  by  hi' 
her  management  plan,  and  is  a  prerequisite  for 
serious  consideration  in  cost  sharing."   As  a 
further  reinforcement  to  the  need  for  landowner 
commitment  to  ongoing  management,  the  Final  EIF 
makes  specific  that  the  landowner  is  the  leader 


SiDJ 


Public  Resources  Code  21000  et.  seq. 


Official  Minutes,  Range  Management  Advisor 
Committee,  March  5,  1981.   On  file  at  the  offic 
of  the  Board  of  Forestry,  1416  9th  Street, 
Sacramento,  California  95814 
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the  interdisciplinary  (l.D.)  team  for  the 
oject  on  his/her  land. 

A  second  concern  involving  landowner  rights 
.  state  control  centered  upon  the  existing  per- 
t  burning  program.   Under  this  program,  the  CDF 

a  passive  partner  who  permits  fires  to  be 
arted,  but  who  does  not  assume  responsibility 
r  the  fires  or  any  liability  that  may  arise, 
itiative  is  in  the  hands  of  individual  ranchers 
d  range  improvement  associations,  who  bear 
eir  own  expenses,  provide  their  own  insurance, 
d  otherwise  retain  control.   These  people  have 
strong  sense  of  private  initiative  and  individ- 
L  accomplishment.   Many  are  suspicious  of 
^ernment.   Their  letters  (#19,  28,  29,  34) 
»ed  that  the  option  of  the  existing  permit 
tem  be  left  open  to  landowners  without  further 
trictions.   As  a  result  of  this  expression 
concern,  the  CDF  will  offer  both  options  to 
idowners:   the  current  permit  system  as  it  has 
rated  since  1945,  and  the  1704  program  with 

requirement  of  plans,  environmental  checklist 
cedures  and  contracts. 

A  third  concern  in  this  area  centered  on  the 
blem  of  monitoring  project  results.   Landowner 
erests  (#11,  19,  28)  were  chary  of  long-term 
angements,  in  part  due  to  past  experience  of 
t  they  perceived  as  high-handedness  by 
ernment  officials.   Yet  4  other  reviewers  (#15, 

25  and  39)  think  strongly  that  monitoring  is 

ential.   Two  of  these  (#15  and  29)  recommended 

t  all  prescribed  burns  be  monitored  in  detail. 

;urrently  plan  for  detailed  evaluations  on  a 
percent  sample  basis,  statewide,  stratified  by 
and  predicted  impact  or  importance  of 

icted  change. 

Issues  involving  land  management  objectives 
a  a  second  cluster  of  issues.   The  author 
iBiced  that  various  reviewers,  depending  on 

Lr  particular  interest,  appeared  to  favor  3 
t'ld   goals  and  3  broad  approaches  to  chaparral 
la  igement .   A  brief  discussion  of  them  will  aid 
in-rstanding  of  the  objectives  problem.   Goals 
;el  to  center  upon: 


a.  reduction  of  conflagration  fires 

b.  optimization  of  soil  and  water  product- 
y  for  man's  use  (over  the  long  run  ) 

c.  protection  and  improvement  of  intrinsic 
al  and  faunal  values 

The  three  broad  approaches  have  been  termed 
ries  X,  Y  and  Z  by  the  author.   Table  2  gives 
mmary  of  these. 


Table  2 — Summary  of  Approaches  to  Chaparral 
Management 


:1 


Faced  with  these  many  options,  the  program 
tion  is  that  what  constitutes  desired  species 
be  determined  by  the  landowner,  according  to 
all  management  objectives.   Rare  and  endangered 
peies,  and  other  environmental  values  addressed 
n  he  program  EIR,  will  be  protected  by 
sglation.   In  other  words,  the  landowner 
'CJes,  but  must  stay  within  the  limits  of  the 


Theory 

& 

Summary 

Letter 

# 

Statement 

Examples 

X 

Convert  the 

1 

Volunteer  grass  and 

18,  28 

34, 

vegetation 

forbs,  with  a  limited 
shrub  canopy 

35,  36 

to  some- 

thing else 

2. 

3. 
4. 

Establish  plants 
adapted  to  the  cli- 
mate, selected  for 
low  flammability 
Drill-seeding  of 
grasses  and/or  forbs 

Irrigated  avocados, 
citrus ,  etc . 

Y 

Manage  for 

1. 

rotational  burning  on 

21,  22 

25, 

the  intrin- 

a 20,  30  or  more  year 

26,  27 

32, 

sic  floral 

bflsis,  which  would 

38,  45 

and  faunal 
values  of 

simulate  pre-white- 
settler  conditions 

the  shrub 

2. 

development  of  age 

formations 

3. 

class  and  vegetation 
type  mosaics 
improve  habitat  for 
rare/endangered  plant 
and  animal  species, 
or  for  other  desired 
native  species 

Z 

Manage  for 

1. 

use  existing  old- 

30 

commodity 
production 

2. 

growth  for  product- 
ion of  energy 
increase  water  yields 

An  example  of  where  Theories  X  and  Y  may  overlap 


EIR.   It  seems  necessary  to  add  that  the  Theory  Z 
approach,  particularly  in  the  area  of  energy 
development,  has  major  technological  problems  and 
environmental  unknowns.   Any  large-scale  proposal 
for  harvesting  chaparral  as  biomass  will  require 
a  separate  EIR. 

Season  of  the  year  for  burning  was  a  third 
major  issue  that  developecd  in  reviewer  comments. 
There  are  a  number  of  reasons  for  wanting  to  burn 
in  the  cool  season,  and  the  draft  EIR  indicated 
that  considerable  winter  and  spring  burning  was 
being  considered.   Four  letters  (#25,  26,  29  and 
32)  were  strongly  against  extensive  burning  during 
this  time,  and/or  advocated  summer  and  fall 
burning.   Three  other  letters  (#13,  16  and  22) 
gave  cautionary  advice  against  winter  and  spring 
burning,  while  1  letter  (#7)  advocated  winter 
and  spring  burning.   In  analyzing  these  comments, 
the  program  staff  developed  Table  3. 


I 
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Table  3 — Pros  and  Cons  of  Winter  and  Spring 
Burning 


PRO 


1.  Safer  from  stand- 
point of  controlling 
fires  in  extensive 
areas  of  heavy 
brush 

2.  Can  easily  schedule 
crews  to  do  burns 
when  fire  season 
emergencies  are 
not  a  factor 

3.  Better  smoke 
management  weather 
(fewer  inversions, 
higher  mixing 
levels ) 

4.  Control  lines  can 
be  minimal ,  as 
diurnal  humidity 
recovery  gives  a 
good  safety  margin 


CON 


1.  Moist  seeds  of  grasses, 
forbs  and  shrubs  do 
not  survive  surface 
soil  temperatures  as 
well  as  dry  seed  (#16, 
25,  26,  32) ,  hence 
plant  species  divers- 
ity will  be  reduced 

2.  Seeds  that  do  survive 
will  probably  not 
germinate  and/or  es- 
tablish viable  plants, 
due  to  the  approach 

of  the  dry  season, 
predators  and  other 
factors  (25,  26) 

3.  Burrowing  mamals  are 
more  easily  killed  in 
the  moist  season  (#26) 

4.  Will  favor  chamise 
over  the  other  plants 
(#26) 


The  species  diversity  arguments  are  powerful, 
and,  while  not  totally  supported  by  data,  indicate 
that  caution  is  necessary.   The  EIR  mitigations 
for  winter  and  spring  burning,  in  view  of  these 
arguments,  are   (1)  burn  no  more  of  the  project 
area  than  is  necessary  for  safety,  and  (2)  burn 
the  rest  of  the  area  in  summer  or  fall  to  allow 
propagation  of  herbaceous  plants.   Of  course,  if 
the  objective  on  an  area  is  to  convert  to  grass 
by  drill  seeding  in  the  fall,  season  of  burn  is 
moot,  since  seed  and  moisture  would  be  available. 

This  discussion  of  how  reviewer  concerns  help- 
ed to  shape  the  final  document  is  intended  to 
illustrate  both  how  public  agencies  must  respond 
to  public  concerns  in  a  dynamic,  democratic 
environment,  and  how  this  process  can  strengthen 
the  document.   The  Board  of  Forestry  adopted  the 

Regulations  and  the  Program  EIR  on  June  2,  1981, 
•        in 
m  Eureka . 

Finally,  a  few  words  about  funding  are  in 
order.   After  the  disastrous  fires  in  San  Bernard- 
ino, Riverside,  Los  Angeles  and  elsewhere  during 
latter  November,  1980,  Governor  Brown  supported 
a  chaparral  management  program  of  slightly  over 
$4,000,000  as  did  Senator  Keene  and  others.  After 
the  disastrous  $2  billion  shortfall  prediction  by 
state  fiscal  analysts  for  the  General  Fund  in 
fiscal  year  '81-'82,  the  Legislature  removed 
$945,000  from  this  program. H   Worse,  many  more 


Office  of  the  State  Board  of  Forestry , op. cit . 
Proceedings  of  the  California  Legislature 

June  4,  1981. 


renewable  resource  investment  projects  intended 
for  funding  with  tidelands  oil  revenues  (The 
Resources  Agency,  1981),  have  been  cut,  as  of  thi 
writing,  by  one  or  the  other  House  of  the  Legis- 
lature, to  cover  projected  deficits  in  the  Genera 
Fund  . 

It  is  cruelly  ironic  that  the  burdens  of  both 
a  massive  tax  cut  (for  real  effects  of  Propositic 
13  are  just  now  being  felt)  and  continuing  inflat 
ion  have  fallen  on  the  very  investments  in 
natural  resources  that  are  needed  to  solve  the 
problem  in  the  long  run.   This  and  other  worth 
while  efforts  may  suffer  even  worse  next  year,  ai 
are  perhaps  indicative  of  what  lies  ahead  in  the 
Federal  experiment  with  tax  and  program  cutting. 
We  who  believe  in  the  wisdom  of  natural  resource 
conservation  and  management  must  not  allow  this 
to  happen. 
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atural  Resources  Planning  and  Management 
the  National  Park  Service  —  Pinnacles 
ational  Monument^ 


uhleen  M.  Davis'" 


Abstract:   Preservation  of  ecological  processes 
rather  than  scenic  objects  is  the  goal  of  natural 
resources  management.   This  entails  allowing  natural 
events,  i.e.,  fire,  insects,  flooding,  etc.,  to 
operate  to  the  fullest  extent  possible  within  park 
boundaries.   Ecosystem  management  for  a  park  is 
guided  by  a  natural  resources  management  plan  that 
discusses  opportunities  and  problems  for  working 
with  natural  resources.   Pinnacles  National  Monument 
illustrates  an  ecosystem  management  program  where 
prescribed  fire  is  employed  to  restore  native 
chaparral  and  oak/pine  woodland  communities. 


Current  natural  resources  planning  and  manage- 
nt  in  the  National  Park  Service  are  the  outcome 

historical  management  and  policy  development. 
e  earliest  parks  were  managed  with  an  indiscrimi- 
te  multiple  use  concept  where  incompatible  ac- 
vities  were  allowed,  such  as  grazing,  mining, 
igging,  and  clearing.   Establishment  of  Yellow- 
ione  National  Park  in  1872  marked  the  beginning 
t  protecting  natural  ecosystems  because  public 
Ind  was  withdrawn  from  settlement,  occupancy, 
£le,and  development.   This  reflected  a  change  of 
/erican  attitudes  to  increasing  awareness  of  ex- 
lustible  resources  and  beauty  in  nature. 

In  1916,  the  National  Park  Service  was  created 
:h  a  mandate  to  conserve  natural  resources  while 
ividing  for  enjoyment  of  the  public  in  a  manner 
It  would  leave  ecosystems  unimpaired  for  future 
lerations.   The  Service  now  recognizes  the  impor- 
ice  of  protecting  ecological  processes  and  strives 
'  sound  management  through  planning  and  policies. 

UNING  PROCESS 

Natural  resources  management  planning  is  embodied 
the  overall  planning  process  of  the  Park  Service. 
;ure  1  schematically  diagrams  the  process  that 
qrlows  establishment  of  an  area  and  shows  the 
/•  ious  levels  and  types  of  plans.   Public  review 
II  input  occur  on  most  levels. 

Each  area  has  specific  enabling  legislation 
l«cribing  it  and  stating  purposes  for  establish- 
att.   Intent  of  enabling  legislation  determines 
Q<  agement  and  designation  of  the  area,  e.g.,  park, 
acument,  historic  site,  etc.   Areas  are  added  us- 
ie  ly  in  response  to  public  action  and  nomination. 

The  first  step  following  legislation  is  a  state- 
mt    for  management  that  gives  a  current  summary 
3i  the  state  of  the  park,  guides  short- and  long- 
:€m  management,  and  helps  decision  makers  determine 
:je  and  extent  of  planning  required  to  meet  manage- 
Mt  objectives  (U.S.  Dept.  Int.,  National  Park 
5£vice  1978b).   These  objectives  are  a  list  of 
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desired  conditions;  for  example,  maintain  native 
ecosystems  in  natural  zones  or  provide  facilities 
for  visitor  use.   They  are  a  framework  for  conserving 
park  resources  and  acconmiodating  environmentally 
compatible  public  uses.   Until  the  general  manage- 
ment plan  is  approved,  the  statement  for  management 
guides  day-to-day  operations. 

The  general  management  plan  is  a  parkwide  plan 
for  meeting  broad  objectives  identified  in  the 
statement  for  management.   This  plan  contains  short- 
and  long-range  strategies  for  natural  and  cultural 
resources,  interpretation  and  visitor  use,  visitor 
protection,  development  (facilities),  and  mainten- 
ance and  operations.   It  identifies  concerns  and 
opportunities   and  the  subsequent  programs  to  manage 
a  park  as  an  integrated  system. 

Specific  plans  are  components  of  the  general 
management  plan  as  illustrated  in  the  figure. 
They  give  detailed  discussion  of  management  con- 
cerns and  describe  methods  to  implement  programs. 
While  specific  plans  are  not  always  prepared  con- 
currently with  the  general  management  plan,  they 
are  consistent  with  park  management  objectives  that 
already  have  been  identified.   In  a  small  park,  the 
general  management  plan  may  embody  all  specific 
plans  in  one  document.   However,  they  are  usually 
separate  documents  for  large  parks  and  any  park 
where  administration  requires  greater  detail. 

Contents  of  specific  plans  depend  on  the  type 
of  park.   For  example.  Statue  of  Liberty  National 
Monument  has  plans  for  visitor  use,  interpretation, 
and  protection  as  well  as  development;  a  plan  for 
natural  resources  would  be  inappropriate. 

NATURAL  RESOURCES  MANAGEMENT 

Planning 

As  shown  in  the  figure,  there  are  various  specific 
plans.   Since  the  topic  here  is  natural  resources, 
the  remainder  of  this  paper  will  focus  on  the  plan- 
ning and  management  for  natural  communities.   Fire 
management  in  Pinnacles  National  Monument,  a  medi- 
terranean environment,  is  given  as  an  example. 

Ecosystems  are  described  and  management  is 
guided  by  a  natural  resources  management  plan  that 
identifies  problems  and  opportunities  for  working 
with  wildlife,  vegetation,  air,  soil,  water,  etc. 
It  establishes  principal  strategies  that  will  be 
continued,  phased  out,  modified,  or  initiated  for 
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ENABLING    LEGISLATION 

I 
STATEMENT   FOR  MANAGEMENT 

i 
GENERAL    MANAGEMENT      PLAN 
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Figure  1 — Schematic  diagram  of  the  National  Park 
Service  planning  procedure  for  natural  resources 
management  showing  examples  of  action  plans. 


the  purpose  of  perpetuating  natural  resources  pro- 
cesses (U.S.  Dept.  Int.,  National  Park  Service 
1978a).   In  the  addendum  of  each  plan  are  project 
statements,  which  are  proposals  for  money,  per- 
sonnel, research,  or  services  to  deal  with  such 
concerns  as  fire  history  investigation,  exotic 
species  removal,  pest  control,  or  fire  management. 

Action  plans  originate  from  a  natural  resources 
management  plan  and  are  either  embodied  in  the 
plan  or,  if  complex  or  lengthy,  prepared  as 
separate  documents.   Action  plans  focus  on  parti- 
cular problems  or  opportunities  for  management  of 
such  things  as  native  wildlife  and  vegetation 
habitat,  exotic  species,  fire,  reintroduction  of 
native  species,  hazardous  tree  removal,  insect 
and  diseases,  site  rehabilitation,  and  endangered 
species.   They  are  working  documents  used  by  park 
staff  to  achieve  a  particular  condition  of  natural 
resources  in  parks. 

Policy 

In  addition  to  the  mandate  of  the  1916  National 
Park  Service  Act,  several  legislative  actions, 
executive  orders,  and  mission  and  policy  statements 
have  shaped  current  management  practices.   The 
enabling  legislation  of  each  park  strongly  in- 
fluences ecosystems  management,  and  for  this  reason 
sometimes  certain  practices  must  be  allowed  that  do 
not  seem  to  fit  the  "idea"  of  a  national  park,  i.e., 
hunting,  logging,  skiing,  mining,  and  maintaining 
exotic  species. 
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It  has  only  been  the  last  two  decades  that 
serious  attention  has  been  given  to  total  resource 
management.   When  the  National  Park  Service  was 
created,  emphasis  was  placed  on  protecting  objects! 
e.g.,  trees,  mountains,  or  volcanoes,  as  a  means 
to  preserve  environments.   While  this  philosophy 
suits  some  areas  such  as  Gettysburg  National 
Military  Park,  it  is  wrong  for  natural  areas  such   = 
as  Lassen  Volcanic  National  Park.   Since  1916  the  If'"' 
goal  of  natural  resources  management  has  evolved  ''■ 
to  protecting  and  promoting  ecological  processes 
rather  than  objects.   This  change  of  philosophy  is 
expressed  in  current  management  policies  (U.S. 
Dept.  Int.,  National  Park  Service  1978a):  - 

"Management  of... natural  features  and  values  is  fH 
concerned  with  ecological  processes  and        '"■' 
resources.   The  concept  of  perpetuation  of  a 
total  natural  environment  or  ecosystem,  as     'T''- 
compared  with  the  protection  of  individual 
features  or  species,  is  a  distinguishing 
aspect  of  the  Service's  management  of  natural 
land." 


fMa? 


lilsti 

The  current  servicewide  policy  for  natural  ' ' 
resources  management  was  strongly  influenced  by 
recommendations  of  the  Advisory  Board  on  Wildlife 
Management  in  National  Parks,  more  commonly  known  ■''* 
as  the  blue  ribbon  "Leopold  Committee."  It  statedlN 
that  maintenance  of  suitable  habitat  is  the  key  toIKi 
sustaining  healthy  animal  populations  and  that  pro-'K 
tection  of  animals  is  no  substitute  for  providing  !["* 
habitat  requirements  (Leopold  and  others  1963).    ^- 
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abitat  is  not  a  stable  entity  that  can  be  pre- 
erved;  instead  it  is  the  product  of  various  eco- 
agical  components  that  create  constant  chanpe  and 
Lversity.   In  short,  the  National  Park  Service 
s  doing  a  disservice  to  wildlife  and  total  eco- 
^stems  by  trying  to  control  natural  events  such  as 
Lre,  insect  and  disease  outbreaks,  predation, and 
Looding. 

The  Leopold  Conunittee  recommended  a  major  policy 
lange  for  the  Park  Service:   to  recognize  the 
lormous  complexity  of  ecological  communities  and 
Lversity  of  management  procedures  required  to  pre- 
rve  them.   Preservation  of  objects  would  not  keep 
osystems  intact;  only  preservation  and  protection 
ecological  processes  would. 

The  Leopold  Committee  further  recommended  iden- 
Lfying  ecosystems  existing  at  the  time  technologi- 

I  man  appeared  and  implemented  activities  that 
iterrupted  natural  processes.   Native  people 

ndians,  Hawaiians,  Eskimos)  are  considered  part 
the  environment  because  they  subsisted  directly 
resources.   As  much  as  possible,  efforts  should 
made  to  restore  biotic  associations  of  that  era 
id  then  allow  ecological  processes  to  operate  with 
le  least  possible  human  interference.   National 
irks  should  represent  a  vignette  of  primitive 
lerica. 

Restoring  primitive  ecological  communities  can- 
»t  be  done  easily  or  completely  because  prior  to 
iclusion  into  the  Park  Service,  most  areas  went 
trough  periods  of  indiscriminate  uses  of  resources 
en  to  the  point  of  extinction  of  some  plants  and 
limals.   Also,  some  later  activities  by  the 
tional  Park  Service  contributed  to  accelerated 
teration  of  ecosystems,  i.e.,  predator  control, 
re  suppression,  insecticide  use,  etc.   Yet,  if 
le  goal  cannot  be  fully  achieved,  it  can  be 
preached  using  the  utmost  skill,  judgement,  and 
ological  sensitivity. 

RE  MANAGEMENT  IN  NATIONAL  PARKS 

Automatic  suppression  of  all  fires  regardless  of 
luse  has  had  a  long  history  in  the  Park  Service; 
nsequently,  a  dramatic  effect  on  ecosystem.   It 
igan  as  standard  procedure  with  Yellowstone  in 
172  and  continued  as  policy  for  other  areas 
itering  the  system.   Suppression  was  justified  by 
rong  conviction  that  fire  caused  nutrient  and 

II  loss,  destruction  of  plant  and  animal  life, 
rage  reduction,  and  ugly  landscapes.   Misunder- 
andings  of  the  natural  role  of  fire  and  inter- 
lationship  of  ecological  components  also  added 

prejudice  against  fire. 


Prescribed  fire  was  specifically  mentioned  by 
e  Leopold  Committee  as  an  essential  tool  to 
.nage  fire-adapted  biotic  associations.   The  re- 
rt  gave  examples  of  significantly  altered  eco- 
stems  resulting  from  fire  exclusion  by  pointing 
t  changes  and  decline  in  fire-adapted  plant  and 
imal  communities.   In  1968  the  Park  Service  made 
licy  the  revolutionary  proposal  of  the  committee 

return  fire  to  parks. 


Since  1968, policy  has  been  revised  and  expanded 
to  accommodate  growth  of  fire  management  in  the 
Service.   Following  are  excerpts  from  current 
policy  (U.S.  Dept.  Int.,  National  Park  Service 
1978a): 

"The  presence  or  absence  of  natural  fires  with- 
in a  given  ecosystem  is  recognized  as  a  potent 
factor  stimulating,  retarding  or  eliminating 
various  components  of  the  ecosystem.   Most 
natural  fires  are  lightning-caused  and  are 
recognized  as  natural  phenomena  which  must  be 
permitted  to  continue  to  influence  the  eco- 
system if  truly  natural  systems  are  to  be 
perpetuated. 

"Natural  zones  should  represent  the  full  spec- 
trum of  the  parks'  dynamic  natural  vegetative 
patterns.   Sharply  defined  zones  or  blocks  of 
vegetation  limited  to  certain  species  locked 
in  over  time  are  not  natural  and  only  rarely 
justified. 

"Prescribed  natural  fire  is  the  preferred 
means  to  achieve  the  prescriptions  in  natural 
zones. .. prescribed  burning  may  be  used  as  a 
substitute  for  prescribed  natural  fire  in 
natural  zones  only  where  the  latter  cannot 
meet  park  objectives.   In  natural  zones,  the 
objective  for  prescribed  burning  is  to  stimu- 
late to  the  fullest  extent  the  influence  of 
natural  fire  on  the  ecosystem. 

"All  fires  not  classed  as  management  fires 
are  "wildfires"  and  will  be  suppressed... 
(in  a  manner)  causing  the  least  resource 
damage,  commensurate  with  effective  control." 

Returning  fire  to  its  ecological  role  must  be 
based  on  clearly  defined  management  objectives 
discussed  in  the  natural  resources  management  plan. 
Depending  on  the  situation  in  a  park,  prescribed 
natural  fire  and/or  prescribed  burning  may  be  used. 
Fire  suppression  always  remains  in  the  program. 
These  aspects  of  Park  Service  fire  management  are 
discussed  further: 

— Prescribed  natural  fires  result  mainly  from 
lightning  and  volcanic  eruptions,  and  they  are 
permitted  to  burn  during  predetermined  prescrip- 
tions and  within  established  boundaries.   This  is 
the  preferred  method  for  carrying  out  a  fire  pro- 
gram, and  there  are  two  situations  where  it  is 
used.   First,  it  is  a  continuation  program  after 
prescribed  burning  has  reduced  hazardous  fuels  that 
resulted  from  years  of  suppression.   Second,  it  can 
be  used  initially  where  pretreatment  is  not  needed 
because  suppression  has  not  created  heavy  fuel  loads. 

— Prescribed  burning  is  intentional  ignition  of 
vegetation  and  litter  by  park  staff  done  to  simu- 
late the  natural  role  of  fire  or  reduce  fire 
hazard.   Following  years  of  fire  exclusion,  several 
burns  over  a  period  of  time  may  be  necessary  to 
achieve  a  more  natural  state  of  fuels  and  vegeta- 
tion.  Preferably,  a  natural  fire  program  would 
follow  prescribed  burning,  but  some  parks  may  need 
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to  continue  a  prescribed  burning  program  indefin- 
itely because  of  boundary  considerations  or  limited 
natural  ignitions  within  administrative  boundaries. 
The  National  Park  Service  has  no  policy  against 
prescribed  burning  in  designated  wilderness. 

— Unwanted  fires,  or  wildfire,  will  be  sup- 
pressed regardless  of  origin.   This  occurs  when 
fire  threatens  cultural  resources,  human  life,  and 
property;  exceeds  prescription;  threatens  to  cross 
a  boundary,'  or  otherwise  does  not  meet  management 
objectives.   While  the  Service's  policy  is  to 
suppress  human-caused  fires,  a  few  exceptions  have 
been  given  on  a  park-by-park,  basis  for  certain 
situations  when  a  fire  meets  management  goals, 
when  suppression  impacts  would  be  long  lasting,  and 
when  suppression  is  not  cost  effective  for  public 
dollars.   Sometimes  common  sense  is  an  equalizer. 

Fire  exclusion  is  a  serious  form  of  environ- 
mental tinkering  recognized  years  ago  by  some 
individuals  in  the  Service.   A  research  burning 
program  began  in  Everglades  National  Park,  Florida, 
in  1951.   In  1968,  research  burns  were  used  in 
Sequoia  and  Kings  Canyon  National  Parks,  California, 
that  led  to  the  first  natural  fire  program  in  the 
Service.   Since  the  start  of  total  fire  management 
within  these  parks,  several  others  have  or  are 
developing  programs.   A  goal  for  natural  resources 
management  is  to  return  fire  to  all  natural  areas 
in  parks  where  administratively  possible. 

PINNACLES  NATIONAL  MONUMENT—AN  EXAMPLE 

Environment 

Pinnacles  National  Monument  is  in  the  central 
coast  range  of  California  about  130  miles  (209 
kilometers)  south  of  San  Francisco.   Established 
as  a  forest  reserve  in  1906,  it  became  a  National 
Monument  in  1908  first  administered  by  the  Forest 
Service  then  transferred  to  the  National  Park 
Service  in  1923.   The  enabling  legislation  estab- 
lished it  for  protection  of  unique  volcanic  rock 
formations,  but  later  Pinnacles  was  enlarged  to 
16,233  acres  (6558  hectares)  to  include  surround- 
ing chaparral  and  oak  woodland  communities  and 
native  wildlife  habitat.   In  1975,  most  of  the 
monument  was  designated  wilderness  by  Congress. 

Climate  is  a  mediterranean  type  with  dry,  hot 
summers  and  cool,  moist  winters.   Rainfall  averages 
16  inches  (41  centimeters)  occurring  mainly  in 
winter  months.   Topography  is  rugged  and  steep 
with  ridges,  peaks,  and  deep  canyons  created  by 
volcanic  activity  and  erosive  forces.    Soils  are 
mostly  sandy  loams  and  very  erosive.   Generally, 
they  have  little  development  with  low  nutrient 
and  water-holding  ability. 

Vegetation  is  composed  of  chaparral  and  oak/ 
pine  woodland  communities.   Major  species  are 
chamise,  manzanitas,  buckbrush,  holly  leaf  cherry, 
digger  pine,  blue  oak,  and  coast  live  oak.   About 
80  percent  of  the  cover  is  chaparral,  7  percent 
oak/pine  woodland,  and  13  percent  riparian  or 


xeric  (Webb  1971). 

A  variety  of  wildlife  species  occur.   Most 
notable  are  blacktail  deer,  bobcat,  raccoon,     ,„; 
grey  fox,  coyote,  rattlesnake,  gopher  snake,     JlriiM 
prairie  falcon,  turkey  vulture,  raven,  and  goldenptoii! 
eagle.   In  the  past  this  was  part  of  the  range  fojlrej 
California  condor.   Diverse  habitat  requirements, lic 
especially  food  and  cover,  have  been  lacking  for 
wildlife  primarily  due  to  homogeneous,  over  matur 
plant  communities  resulting  primarily  from  fire 
suppression.  jtjani 
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Fire  History 
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Pinnacles  has  a  classic  fire  environment  where] 
climate,  topography,  and  vegetation  create  a 
situation  for  cyclic  fires.   A  fire  history  reporl 
recently  completed  for  the  monument  and  surroundii 
Gabilan  and  Diablo  Ranges  gives  a  better  under 
standing  of  past  fires  and  their  effects  (Greenlejiior 
and  Moldenke   1981).   By  studying  current  lightnia;-! 
patterns,  the  authors  proposed  that  prehistoric 
lightning  fires  started  mainly  in  oak  or  pine    ,i., 
trees  at  higher  elevations  during  early  summer  an||pes, 
fall.   Hold  over  fires  in  trees  probably  were  not 
unusual.   Fire  spread  was  extensive  in  grass  and 
shrub  fuels,  and  crowning  was  uncommon.   A  good  fae 
portion  of  the  area  was  probably  oak/pine  woodlan'" 
with  scattered  large  brushfields. 

With  the  arrival  of  Indians  about  11,000  years|||riie 
ago,  burning  in  fall,  and  perhaps  spring,  became  Jiage 
customary.  Fire  was  used  for  various  purposes  lltiira 
including  harvesting  of  plant  foods,  hunting,  andituii 
burning  houses  to  kill  ticks  and  fleas.  The  overifcpre 
all  effect  on  vegetation  communities  is  suspected||;ij]i 
to  be  a  maintenance  of  oak/pine  woodlands  and  ijites 
possibly  reduction  of  shrubfields.  The  location  JiltQ 
of  archeological  sites  in  Pinnacles  strongly  ify 
supports  this  deduction  of  vegetative  condition 
because  sites  have  been  found  in  dense  chaparral.,,.;,, 
It  is  inconceivable  that  Indians  would  have  livedj^tj 
surrounded  by  hazardous  fuels  while  conducting  iJPij 
their  own  use  of  fire.  There  were  also  lightning'||jpte 
caused  fires  during  this  era,  so  all  evidence 
strongly  suggests  a  more  open  vegetative  con- 
dition than  now  exists. 


Ijiire 


Spanish  and  Mexican  settlement  from  late  1700':|n 
to  1848  drastically  removed  Indians  as  an  ignitioit 
source  by  bringing  them  into  missions  and  ranchesijkjf 
Heavy  use  of  grazing  lands  by  increasing  herds  ofjijj 
cattle,  sheep,  and  horses  degraded  natural  grass-kjj 
lands  and  woodlands  through  erosion,  compaction,  iej^ 
and  introduction  of  exotic  plants.  While  most  ij|,[j 
impact  was  in  valleys,  stock  did  move  into  moun-  ijtug 
tainous  areas.  The  result  of  settlement  activitiiiltt-, 
was  that  grasslands  and  woodlands  decreased  while  ;t;^ 
shrubfields  increased.  Fire  probably  became  less,:.!. 
frequent  and  more  intense  as  chaparral  fuels 
accumulated. 

After  1848,  Anglo  settlers  dominated  the  regio:  rj^ 
They  cut  oak  and  pine  for  housing,  fuel,  and  fora|,;tA- 
as  well  as  clearing  agriculture  land.   Drought, 
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re,  and  clearing  reduced  tree  cover,  and  chaparral 
tended  into  former  grasslands  and  woodlands  on 
lis  as  farming  superseded  ranching  and  excluded 
ttle.   Today  remnants  of  large  oaks  are  found  in 
rubfields  providing  evidence  that  oaks  occurred 
roughout  the  monument.   By  late  1800 's  severe 
res  were  occurring  in  chaparral  and  reducing  the 
ee  component. 


The  twentieth  century  brought  fire -fighting 
cganizations.   Suppression  lengthened  the  burning 
ccle,  so  fuels  accumulated  to  abnormal  loadings. 
Hie  fire-fighting  became  quicker  and  more 
eficient,  fire  severity  in  homogeneous  fuels  in- 
ceased.   Records  of  fires  since  1877  show  that 
Bst  fires  have  entered  Pinnacles  from  the  north, 
Bd  that  widespread  fires  in  1877  and  1900  covered 
llch  of  the  monument.   Since  1927  most  of  the 
Dtaument  has  burned,  and  some  areas  have  burned 
t3  or  three  times.   The  most  recent  large  fire  was 
1  1931,  but  since  then  most  have  been  small,  more 
faquent,  and  difficult  to  control.   Fire  frequency 
pior  to  settlement  would  have  varied  with  fuel 
ties,  and  it  is  difficult  to  give  average  fre- 
qBHcies  for  the  monument  because  of  the  lack  of 
fire-scarred  trees.   Current  evidence  suggests  a 
faquency  of  about  20  years  throughout  the  monument. 

Fre  Management 

The  statement  for  management  covers  fire  in  the 
miageraent  objective  to  preserve  and  protect 
a.ural  resources  by  perpetuating  coastal  biotic 
cnmunities  by  reintroducing  natural  processes 
3)pressed  by  man.   The  general  management  plan 
riognizes  fire  as  an  integral  element  and  further 
sites  that  suppression  created  over-mature  botani- 
c  .  communities  declining  in  plant  and  animal 
viety  as  well  as  stability.   It  states  prescribed 
b-ning  is  necessary  to  reestablish  natural  succes- 
a'ln  of  ecosystems.   The  natural  resources  manage- 
mit  plan  describes  the  interrelationship  of  fire 
i:  Pinnacles'  ecosystems  and  the  effects  of  total 
S'lpression.   It  calls  for  a  fire  history  study, 
a  ire  effects  study,  and  a  fire  management  plan  to 
ii;lude  prescribed  burning  while  improving  protec- 
t  in  from  unwanted  fires. 

11a  wildfire  in  1974  that  entered  from  adjacent 
li.ds  was  the  start  of  a  new  fire  management  plan. 
Ii  keeping  with  Park  Service  policy,  bulldozers  were 
ic  allowed  to  construct  fireline  in  the  monument 
ui  ess  an  emergency  existed.   Consequently,  the 
f:  e  was  allowed  to  burn  a  larger  area  while 
nj  ural  barriers  and  hand  lines  were  used  for  con- 
tinment.   Circumstances  associated  with  this  fire 
ai'  the  potential  threat  to  park  visitors,  staff, 
ai  facilities  focused  attention  on  the  immediate 
n<'d  to  treat  hazardous  fuels  as  well  as  return 
f ;  e  to  the  ecosystem. 

In  1975  Dr.  Harold  Biswell  was  contacted  to 
w]  te  a  fire  management  plan  that  would  enable  the 
sllff  to  reduce  heavy  fuels  and  restore  fire  in  a 
miner  to  recreate  as  much  as  possible  the  eco- 


system that  would  have  existed  now  had  natural 
fires  always  burned  in  the  monument.   Prescribed 
burning  was  selected  because  of  the  heavy,  con- 
tinous  fuels,  experimental  nature  of  the  beginning 
program,  desire  to  choose  when  and  where  fire  is 
used,  and  infrequent  lightning  fires.   Biswell 
(1976)  proposed  a  20- to  30-year  rotation  for 
burning  600  to  800  acres  (240  to  320  hectares) 
yearly  to  create  a  mosaic  for  ecological  diversity 
and  safety  from  wildfire.   Three  firing  techniques 
were  recommended: 

— Upslope  strip  burning  in  chaparral  in  winter 
and  early  spring; 

— Broadcast  burning  in  chaparral  and  oak/pine 
woodland  after  grasses  are  cured,  which  usually 
is  May; 

— Broadcast  burning  in  chaparral  and  oak/pine 
woodland  soon  after  initial  fall  rains,  usually 
in  late  October  or  November. 

Program  Implementation 

Parcels  of  50  acres  (20  hectares)  or  less  are 
burned  around  developed  sites,  i.e.,  monument 
headquarters,  ranger  station,  housing,  and  picnic 
grounds.   In  wilderness,  larger  parcels  of  100  to 
200  acres  (40  to  80  hectares)  are  treated.   An  area 
is  considered  treated  when  management  objectives 
are  met:  increasing  safety  from  wildfire  and  re- 
establishing natural  succession  associated  with 
fire. 

Fire  behavior  is  predicted  using  weather  data 
and  National  Fire  Danger  Rating  System  (NFDRS) 
components  and  indices  based  on  information  from 
monument  headquarters  weather  station.   Specific 
details  are  gathered  from  a  remote  station  placed 
on  proposed  burn  sites.   Live  fuel  moisture  is 
monitored  daily  or  weekly  since  live  crowns  of 
chaparral  strongly  influence  fire  behavior. 
Chamise  and  buckbrush  live  fuel  moistures  are 
measured  near  headquarters  and  on  selected  burn 
sites. 

Prior  to  ignition,  burn  plans  are  written  for 
approval  by  the  superintendent.   They  are  working 
plans  that  provide  tactical  details  on  dates, 
locations,  objectives,  organization,  logistics, 
topography,  weather,  fuels,  firing  and  holding 
operations,  communications,  safety,  and  maps. 
An  air  quality  clearance  and  burning  permit  are 
obtained  from  county  representatives  before 
ignition. 

Fireline  construction  is  minimal  since  natural 
barriers  are  used,  especially  vegetation  and  fuel 
moisture  changes,  ridgelines,  gullies,  shade,  and 
bare  areas.   Each  fire  is  staffed  by  2  or  more 
people  applying  fire  and  observing  behavior.   Park 
fire  crews  contain  and  cold  trail  when  necessary. 
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Program  Results 

From  general  conditions  provided  in  Biswell's 
plan,  a  prescription  is  being  continually  refined. 
Model  B  of  the  National  Fire  Danger  Rating  System 
is  used  (table  1).   To  date  prescribed  burning  has 
been  done  primarily  in  southfacing  chaparral  stands 
and  oak/pine  woodlands,  but  more  attention  is  being 
given  to  moist  northfacing  slopes  since  fuel  breaks 
have  been  created.   Most  burning  is  done  in  the 
optimum  range,  but  for  moist  sites  it  is  necessary 
to  take  calculated  risk  on  the  dry  side  of  the 
minimum  and  maximum  range. 

Table  1 — Fire  prescription  for  Pinnacles  National 
Monument  (NFDRS  Model  B) . 


Ran 

ges 

Min.-Max. 

Optimum 

Temperature  (  F) 

40-94 

65-84 

Relative  humidity 

(pet) 

8-100 

25-35 

Windspeed    (mph) 

0-35 

<10 

10-hour  time  lag 

moisture    (pet) 

4-14 

7-9 

Live  fuel  moisture 

(pet) 

42-180 

80-120 

Spread  component 

0-16 

6-12 

Energy  release 

component 

0-45 

25-44 

Burning  index 

0-58 

35-50 

Three  firing  techniques  have  evolved  for 
Pinnacles  (Clark  1981): 

— Upslope  strip  burning  in  chaparral — Fire  is 
set  at  the  base  of  a  thick  stand  of  brush  and  in- 
duced to  run  upslope.   As  flames  become  self- 
sustaining,  the  burner  ignites  vegetation  while 
walking  downhill  so  fire  behavior  is  controlled 
by  indrafts  of  the  main  fire.   This  technique 
creates  rapid,  but  short-lived  mass  fire  that  dies 
at  fuel  breaks.   Upslope  fires  occur  at  the  hottest, 
driest  period  of  the  day  usually  in  spring  and  fall. 

— Broadcast  burning  on  ridges  and  slopes-- 
Grass  is  the  main  carrier  of  fire.   Burners  begin 
early  in  the  day  along  ridges  then  move  downslope 
and  along  contours  until  one  burner  ties  in  with 
another.   This  method  resembles  a  strip  headfire 
pattern.   Backing  fires  under  pine  and  oak  are 
desired,  and  every  opportunity  is  taken  to  drop 
below  a  shrubfield  in  order  for  intense  fire  to 
burn  the  stand. 

— Pile  burning — On  occasion  this  method  is  used 
for  special  projects  such  as  access  routes  before 
upslope  strip  burning,  perimeter  control,  mop  up, 
and  localized  hazard  reduction.   Piles  are  also 
cut  for  fuel  triggers  to  generate  heat  for  upslope 
strip  burning. 

From  1977  through  1980  a  total  of  1,001  acres 
(405  hectares)  and  204  piles  have  been  burned  at 
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an  average  cost  of  $11.59  per  acre  ($28.63  per 
hectare)  (Clark   1981) .   Average  costs  have  de- 
creased as  the  program  becomes  more  routine  and 
park  staff  more  efficient.   While  $11.59  may  seem* 
expensive  when  compared  to  costs  of  about  $5.00  pe 
acre  when  using  a  helitorch,  it  must  be  remembered' 
that  the  goal  is  to  burn  small  area  mosaics  in  a 
limited  acreage  per  year.   Fireline  construction  i 
minimal,  heavy  equipment  is  not  used,  and  fuels  ar 
not  pretreated  by  crushing  or  spraying.  P" 

Prescribed  burns  have  been  carried  out  coopera-']'^™' 
tively  with  neighbors.   One  burn  was  a  joint  effor*^'''" 
with  an  adjacent  rancher.  Department  of  Interior 
Bureau  of  Land  Management,  and  California  Depart- f^ 
ment  of  Forestry.   More  cooperative  burns  are 
planned  as  a  means  to  achieve  management  objective] 
and  reduce  costs 


Visitation  to  Pinnacles  National  Monument  is 
heaviest  on  weekends;  therefore,  prescribed  burnin 
is  conducted  on  weekdays.   Interpretive  displays  i 
the  visitor  centers  and  contact  with  park  staff 
inform  the  public  about  the  fire  program.   Use  of 
fire  has  wide  support  from  the  visiting  public  and 
neighbors. 

SUMMARY 

To  summarize,  it  is  appropriate  to  talk  about 
commitment  and  action.   Natural  resources  manage- 
ment planning  and  policies  are  vehicles  for  eco- 
logical stewardship  of  land.   However,  they  are 
ineffectual  unless  carried  out  by  people  with 
commitment  to  natural  resources  programs. 

Success  of  the  Pinnacles  National  Monument  pre- 
scribed fire  program  is  due  to  commitment  of  peopl 
Superintendent  Rod  Broyles  knew  fire  belonged  for 
ecological  reasons  as  well  as  for  safety.   He 
acquired  funding  after  a  wildfire  to  hire  a  quali- 
fied person  to  start  a  prescribed  fire  program. 
Forestry  technician   Dean  Clark  combined  his 
experience  of  fire  ecology,  behavior,  and  suppres- 
sion to  develop  a  "back-to-basics"  program  that 
incorporates  knowledge  of  local  area  residents. 
Park  staff  work  strenuously  to  prepare  for  a  burn 
and  carry  it  out.   Consultants,  volunteers,  and 
other  Park  Service  employees  also  contribute  to 
make  this  fire  program  serve  nature  and  management 

Taking  action  in  a  prescribed  fire  program  is  a 
determined  step,  especially  considering  potential 
risks.   But  there  are  greater  risks  living  in 
hazardous  fuels  and  trying  to  prevent  natural 
processes.   Too  often,  management  postpones  taking 
action  to  wait  for  all  the  information,  but  rarely 
can  all  the  information  be  gathered  without  taking 
action.   Pinnacles  is  an  example  where  management 
used  what  it  knew  to  start  a  program  then  grew  wltl 
the  program.   Monument  staff  began  prescribed 
burning  with  guidelines  from  the  fire  plan  and  the 
knowledge  that  fire  belongs  in  the  monument.   As 
they  develop  skills  using  fire,  they  are  learning 
about  ecological  effects  and  practicing  suppressioi 
techniques.   They  are  becoming  experienced  managers 


aa:: 

iparr 
brus 
;|ldbii 
It. 
TOi's 


:  JK 


nell 
1  esto 


fire  and  natural  resources. 

Fire  history  information  continues  to  be  in- 
iporated  as  prescriptions  are  refined  and 
■■toric  biotic  communities  restored.   Further 
.dy  of  fire  effects  is  proposed  to  gain  more 
erstanding  of  ecological  relationship.   Several 
cresting  responses  have  been  noticed  since  the 
'gram  began  in  1977.   Seven  new  plant  species 
orded  for  Pinnacles  have  been  found  on  recently 
ned  areas,  the  seed  having  been  stored  in  the 

One,  the  fire  poppy,  illustrates  an 
ious  association  with  fire.   Four  species  of 
zanitas  occur  that  do  not  regenerate  by  root 
outs,  thus  depend  on  fire  to  crack  hard  seed 
ts  and  perpetuate  the  species.   Strong  response 
native  perennial  grasses  after  fire  where 
parral  formerly  dominated, and  remnants  of  oaks 
brushfields  support  the  belief  that  oak/pine 
dlands  historically  covered  more  of  the  monu- 

A  species  of  wasp  was  discovered  that 
rows  a  few  inches  underground  and  requires  fire 
break  dormancy.   It  is  through  burning,  study- 
observations,  and  Incorporating  results  that 
progress.   As  we  burn,  we  learn. 
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Planning  Issues  for  the  Management  of 
Mediterranean-Type  Vegetation  in  Australia^ 


A.  Malcolm  Gill" 


The  classic  Mediterranean  climate  features 
warm  to  hot  dry  summers  and  mild  to  cool  wet 
winters.   In  Australia,  this  description  excludes 
the  northern  half  of  the  country  because  of  its 
summer-rainfall  emphasis  and  it  excludes 
the  interior  because  of  its  low_and  erratic 
rainfall  of  less  than  250  cm  yr   .  Areas 
included  by  the  definition  are  the  southwestern 
corner  of  Western  Australia,  the  southeastern 
parts  of  South  Australia  and  small  parts  of 
western  Victoria. 

The  remainder  of  well-watered  southern 
Australia  may  be  designated  as  "quasi- 
Mediterranean".   Here,  summer  rainfall  may  be 
greater  than  in  classic-Mediterranean  areas  but 
because  of  high  evaporation  and  the  greater 
uncertainty  of  summer  rainfalls,  these  areas  may 
be  regarded  as  having,  in  effect,  a  modified 
Mediterranean  climate. 

By  including  both  classic  and  quasi-Medite- 
rranean regions  of  Australia,  I  have  defined,  for 
most  part,  the  areas  of  most  reliable  annual 
rainfall  (Leeper,  1970),  the  major  agricultural 
regions  of  Australia  (e.g.  winter  cereals  - 
Forster,  1970),  the  climate  giving  most  human 
comfort  (Hallsworth,  1976)  and  supporting  the 
greatest  population,  the  major  hardwood  timber 
areas  of  the  continent,  and  the  zone  colonized 
by  Mediterranean  annuals  (Donald,  1970).   Also, 
these  regions,  with  their  summer  fire  occurrence, 
experience  some  of  the  fiercest  forest  fires  in 
the  world. 

The  natural  vegetation  of  both  the  classic 
and  quasi-Mediterranean  regions  is  very  varied 
and  includes  forest,  shrublands  and  woodlands. 
This  heritage  has  been  treated  in  the  many  ways 
open  to  people  with  tool  kits  ranging  from 
fires  to  axes,  saws,  ploughs  and  bulldozers. 


Presented  at  the  Symposium  on  Dynamics  and  Manage- 
ment of  Mediterranean-type  Ecosystems,  June  22-26, 
1981  San  Diego,  California. 

2 
CSIRO  Division  of  Plant  Industry,  P.O.  Box  1600, 

Canberra  City,  A.C.T.  2601,  Australia. 
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Abstract:  Southeastern  and  southwestern 
Australia  have  quasi-  and  classical-Medi- 
terranean climates  respectively.  Vegetation 
varies  widely  from  forests  to  woodlands  to 
shrublands.  Attitudes  to  landscape  have  been 
important  in  allocating  land  use  in  these  areas 
with  a  general  contrast  between  what  is 
"practical"  and  what  is  "picturesque".  The 
allocation  of  land  to  nature  conservation  has 
risen  dramatically  since  the  1960 's  and  scienti- 
fic survey  has  helped  this  process.  Management  l«r 
of  these  reserves  requires  suitable  frameworks  p 
of  management  and  attention  to  the  hazards  posed i Kt 
by  fires  and  exotics.  Increased  input  of 
manpower  and  finance  would  be  desirable. 
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Two  particular  issues  will  be  expanded  below 
and  both  relate  to  vegetation  management  planning 
The  first  is  the  allocation  of  land  to  particular 
uses,  a  problem  that  has  challenged  man  since 
the  beginning  of  european  settlement.   The  second'- 
is  the  management  of  land  once  it  has  been       jp 
reserved:   in  our  case,  this  topic  will  be 
confined  to  non-agricultural  land. 


ttrt 
fose 
ALLOCATION  OF  LAND  USES 

Productive  Uses  or  Non-productive  Uses? 

The  earliest  european  settlers  of  Australia 
found  themselves  in  a  landscape  that  was  to  them 
weird,  grotesque  and  monotonous  (Elliott,  1967). 
Their  initial  purpose  was  to  feed  and  house 
themselves.  Utility  of  the  landscape  was  of 
prime  concern;  amenity  was  regarded  as  unimpor- 
tant. 

There  has  been  tension  between  these  two 
views  of  landscape  -  amenity  and  utility  -  for 
most  of  the  european  history  of  Australia,  and 
it  is  still  a  major  issue  (Lowenthal,  1976). 
Just  what  is  meant  by  "amenity"  and  "utility" 
may  have  changed  from  time  to  time  but  their 
expression  in  the  reservation  of  natural  landsca] 
or  allocation  to  the  production  of  food  and  fibri  *'i 
respectively,  has  not  changed.   Some  people     I 'tti 
have  contrasted  the  "picturesque"  or  "philosophii' 'tt 
with  the  "practical".   The  "practical"  view 
involves  economic  values  directly;   the  "philo- 
sophic" view  involves  aesthetic  and  spiritual 
values.   More  recently  "conservation"  has  been  s 
as  the  wise  use  of  land  for  particular  purposes, 
whether  these  purposes  be  for  agriculture, 
forestry  or  nature  conservation  (Downes,  1975). 
Such  nomenclature  plays  down  polarization  and   f '': 
may  assist  in  rational  land-use  planning.       I  ■' C 

:ite( 


Sa 
str; 
iat 
fei 
iiei 
lati 
ess: 
ittf 

Iki 


Because  Australia  has  been  so  economically 
dependent  on  agriculture,  setting  land  apart  for 
this  purpose  has  been  very  prominent  in  the 
region  under  discussion.   As  technology  advanced 
pasturing  on  native  grasses  gave  way  to  cropping 
and  improved  pasture.   A  Mediterranean  annual, 
Trifolium  subterranean,  became  a  key  element  in  j 
pasture  improvement  while  additions  of  super- 
phosphate enhanced  the  fertility  of  some  of  the 
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Gen.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Ri 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 


>t  infertile  soils  in  the  world. 

At  first  little  need  was  seen  for  the 
jservation  of  natural  areas  because  there 
!med  to  be  so  much  land  in  this  condition 
■eady.   As  land  development  became  widespread, 
rever,  this  position  changed  (Australian 
demy  of  Science,  1965).   Foresters,  in 
ticular,  became  worried  and  "many  controversies 
urred  between  the  Lands  Departments,  anxious 
provide  more  land  for  settlement,  and  the 
estry  Departments  wishing  to  preserve  forests" 
dham,  Wilson  and  Wood,  1957). 

Land  set  aside  for  ecological  reserves  has 
ditionally  been  land  of  little  value  for 
iculture  or  forestry  and  could  therefore  be 
arved  without  economic  loss  (Slatyer,  1975). 
discoveries  have  changed  land  of  no  previous 
je  to  agriculture  to  profitable  pasturage, 
O-aver,  and  have  thereby  required  a  change  in 
titude  to  land  if  it  was  to  be  set  aside  for 
airalness.   Alienation  of  large  areas  of 
e:ern  Australia  for  agricultural  and  pastural 
ujoses  from  the  1950' s  was  paralleled  by  the 
iit  major  expansion  of  reserves  there  (Ride, 
9)).   Reserves  in  South  Australia  expanded 
a.icularly  in  the  late  1960's  and  70's  (Harris, 
9),  reflecting  the  position  in  Australia  as  a 
hi.e.   Australia's  conservation  reserves 
at  eased  in  area  from  about  8.5  million  ha.  in 
9(,  (Mosley,  1968)  to  nearly  29  million  in  1979 
\i  t.  Ranger  Bull.  1,    3)  . 

Natural  areas  have  been  reserved  as 
Jistry  operations  have  intensified.   The 
ijiation  of  export  woodchip  industries  in  both 
nheastern  and  southwestern  Australia  led  to 
niderable  debate  over  land  use  and  new  reserves 
)inature  conservation  were  proclaimed  in  the 
)r.ession  areas  (Ride,  1975;   Senate  Standing 
mittee  on  Science  and  the  Environment,  1977). 

The  land-use  debate  continues  in  various 
Ts  with  the  "productive"  versus  "non- 
ojctive"  uses  of  land  underlying  most  issues. 
lii  the  traditional  arenas  for  debate  remain  - 
aLenated  lands  of  governments  -  new  arenas 
e:he  reserves  themselves  (Recher,  1976)  where 
nlict  arises  over  use  for  recreation 
riuctive?)  versus  use  for  nature  conservation 
0  -productive? ) . 
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Most  reserves  in  the  past  have  been 

ated  to  nature  conservation  in  an  ad^  hoc 

r  (Mosley,  1968).   As  more  land  is 

ated  to  urban  or  agricultural  use  the  number 

tions  on  future  land  use  decline.   Deciding 

land  should  remain  in  its  natural  state 
thereby  retaining  roost  options  for  future 
) ,  which  land  uses  should  take  place  side 
|de ,  and  which  combinations  of  land  use 
|d  occur  on  the  same  area  of  land  is 
|cult  and  remains  a  continuous  challenge  to 
ers. 


Scientific  Contributions  to  Decisions  on  Land- 
Use  Allocation 

Science  has  affected  the  allocation  of  uses 
to  land  in  many  ways.   Notable  have  been  the 
successes  of  the  agricultural  scientists  in 
discovering  nutrient  deficiencies  in  plants  and 
animals  and  introducing  productive  plant  species 
for  pastures  and  crops,  but  my  emphasis  here 
will  be  on  the  contributions  of  science  to  the 
issues  of  shape,  size  and  location  of  reserves 
for  effective  nature  conservation.   Concern  over 
recreational  impacts  is  set  aside  here  but  note 
that  the  arguments  used  by  Hallsworth  (1976)  in 
predicting  recreational  demand  for  beaches  could 
be  adapted  to  that  for  reserves. 

Many  areas  have  been  assigned  as  reserves 
in  the  past  with  little  knowledge  of  their 
value  for  nature  conservation.   Only  recently 
have  serious  attempts  been  made  to  ascertain 
how  effectively  various  plant  alliances  and 
rare  and  endangered  species  have  been  conserved 
(Specht  et  al.,  1974).   Stimulated  by  the  "Specht 
Report",  refinements  and  adjustments  are  being 
made  to  lists  of  plants  at  risk  (Hartley  and 
Leigh,  1979)  and  cases  are  being  made  for 
reservation  of  particular  plant  alliances  at 
present  poorly  conserved  (e.g.  Senate  Standing 
Committee  on  Science  and  the  Environment,  1977). 
We  may  regard  these  activities  as  the  habitat 
approach  to  planning  for  nature  conservation. 

For  animals  there  has  been  no  survey  yet 
completed  comparable  to  that  of  Specht  et^  al. 
(1974)  .   The  assumption  is  that  if  the  plants  - 
as  part  of  the  animal  habitat  -  are  conserved, 
the  requirements  of  animals  can  be  met  at  the 
same  time.   A  prerequisite  of  course  is  that 
the  sizes  and  shapes  of  the  reserves  are 
adequate. 

Questions  of  size  and  shape  for  reserves 
received  much  attention  with  the  development  of 
the  equilibrium  theory  of  island  biogeography 
(MacArthur  and  Wilson,  1967).   Reserves  for 
conservation  were  seen  to  be,  or  become,  "islands" 
isolated  for  each  other  by  "seas"  of  agriculture, 
intensive  forestry  or  urbanization. 

The  basic  ideas  of  island  biogeographic 
theory  are    that  as  area  increases  so  do  the 
number  of  species  (maximum  area  equals  maximum 
number  of  species);  that  there  are  movements  of 
species  between  areas  (representing  local 
extinctions  and  immigrations);  and  that  an 
equilibrium  number  of  species  will  be  maintained 
on  an  island  although  the  particular  species 
present  may  alter  with  time.   As  "islands"  be- 
come smaller  and  more  "isolated"  from  each 
other  it  may  be  expected  that  local  extinctions 
would  increase  and  immigrations  decline.   Fewer 
species  would  be  conserved. 

For  nature  conservation  the  conclusions 
which  may  be  reached  from  this  are  that  reserves 
should  be  as  large  as  possible  and  that  not 
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all  species  can  be  reserved  in  perpetuity  (Slatyer, 
1975).   Many  have  used  the  equilibrium  theory  of 
island  biogeography  as  the  basis  for  scientific 
discussion  on  reserve  shape,  size  and  location 
but,  recently,  after  a  thorough  review  of  the 
theory,  Gilbert  (1980)  concluded  that  "the 
equilibrium  theory  remains  insufficiently  validat- 
ed to  permit  its  widespread  application  to  many 
problems  of  biogeography,  ecology  and  nature 
conservation" . 

Gilbert's  paper  is  an  important  one  in  terms 
of  the  development  of  ecological  theory  and  its 
application  to  practical  situations.   I  quote:- 
"There  is  no  evidence  that  any  extinctions  in 
reserves  have  been  due  directly  to  any  decrease 
in  area....  ";  "The  apparent  lack  of  conformity 
of  the  model  when  any  taxon  other  than  that  of 
birds  is  considered  points  to  a  major  flaw  in  its 
derivation...."   Clearly,  anomalies  in  the 
equilibrium-theory  approach  need  to  be  cleared 
up  before  it  can  be  used  without  prejudice. 

One  of  the  deficiencies  of  the  theory  is 
that  is  does  not  accommodate  habitat  variety. 
It  is  a  commonplace  observation,  however, 
that  the  plant  and  animal  diversity  within  a 
region  is  likely  to  be  greatest  where  habitat 
diversity  is  greatest.   Such  "horizontal"  diver- 
sity may  be  enhanced  by  "vertical"  diversity; 
e.g.  greater  diversity  of  birds  may  be  expected 
where  "foliage  height  diversity"  is  greatest 
(Recher,  1969). 

Some  geographic  regions  have  a  much  more 
diverse  flora  than  others.   Southwestern  Western 
Australia,  for  example,  has  remarkable  plant 
species  richness  and  high  endemism  especially  in 
its  heathlands  (George  et  al . ,  1979).   If  this 
area  were  annexed  completely  for  nature  conservat- 
ion (an  impossibility  of  course)  it  would  quite 
possibly  contain  a  greater  proportion  of  the  total 
flora  of  the  nation  than  a  similar  area  of  any 
other  region  in  Australia.   By  choosing  specific 
areas  because  of  their  richness  it  is  theoretic- 
ally possible  to  find  the  total  flora  and  fauna 
in  much  less  than  the  total  area  of  the  continent. 

If  a  natural  ecosystem  is  to  be  preserved  it 
will  include  Its  full  complement  of  animals  as 
well  as  plants.   The  design  of  reserves  will 
need  to  take  account  of  migrations  overland  as 
well  as  insuring  that  areas  are  sufficiently 
large  to  maintain  genetic  diversity. 

Genetic  diversity  is  a  function  of  populat- 
ion size  in  animals  and  "theoretical  evidence 
suggests  that  the  minimal  population  size  for 
retention  of  a  substantial  degree  of  genetic 
variation  .  .  .  is  of  the  order  of  thousands" 
(see  Slatyer,  1975).   Sizes  appropriate  for  the 
conservation  of  thousands  of  large  animals  for 
a  thousand  generations  may  be  extreme  but 
necessary  if  plant-animal  interactions  are  to  be 
conserved  as  well  as  the  animals  themselves. 
Unlike  genetic  diversity  in  animals,  genetic 
diversity  of  plants  may  be  stored  as  seeds  in 
soils. 
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The  habitat  approach,  the  island-biogeo- 
graphic  approach  and  the  genetic  approach  are 
all  potentially  useful  in  assigning  land  for 
purposes  of  nature  conservation.   However,  the 
past  dictates  the  terms  within  which  land 
allocations  for  specific  purposes  can  now  take 
place.   Many  plant  species  at  risk  are  not 
conveniently  located  in  areas  where  large 
conservation  reserves  can  be  created.   The  road 
verges  of  rural  Mediterranean  lands  in  Western 
Australia,  South  Australia  and  Victoria  provide 
examples.   Specialist  theory  is  not  needed  here 
for  species  conservation  but  appropriate 
legislation  and  enforcement  are  essential. 
Effective  allocation  of  lands  for  all  our 
needs  depends  on  integration  of  the  information 
and  expertise  of  science,  law,  history,  sociolog] 
and  economics. 

MANAGEMENT  OF  "NATURAL"  LANDSCAPES, ESPECIALLY 
CONSERVATION  RESERVES 

Because  of  problems  that  have  arisen  from 
recreation,  fire,  and  exotic  species  the  need 
for  management  has  became  well  recognized. 
Manpower  and  money,  management  systems,  and 
hazard  assessment  are  considered  as  the  major 
issues  of  management  in  the  region  in  question. 

Manpower  and  Money 

A  Committee  of  Enquiry  into  the  National 
Estate  (1974)  noted  that  field  staff  employed 
to  operate  Australia's  conservation  reserves  in 
1973  numbered  661  of  whom  103  were  graduates  of 
tertiary  institutions  (this  includes  diplomates) 
at  that  time  the  nature-conservation  estate 
was  about  17  x  10   hectares,  i.e.  approximately 
25,000  hectares  per  person  employed  I   The 
International  Union  for  the  Conservation  of 
Nature  and  Natural  Resources  (lUCN)  recommended 
10,000  hectares  per  person  working  full  time  at 
management  and  supervision  (Burbidge  and  Evans, 
1976). 

"Conservation  reserves"  include  not  only  the 
preservation  of  natural  ecosystems  in  their 
charter.   Other  uses  may  include  passive  and 
active  recreation,  water  catchment  and  storage, 
protection  of  aboriginal  relics,  wilderness,  and 
even  mining  in  some  areas.   Below,  I  emphasize 
the  management  of  conservation  reserves  for 
nature  conservation  only. 

Management  Systems 

Proposals  for  management  systems  -  if  they 
are  to  be  practical  -  should  take  into  account 
the  present  lack  of  personnel  and  finance  but 
also  look  to  the  future  when  needs  may  be  better 
met.   The  same  applies  to  management  of 
research:  management  of  conservation  reserves 
should  be  based  on  knowledge  but  our  understandii 
of  natural  systems  is  poor. 

Research  into  the  function  of  natural 
ecosystems  in  Australia  has  usually  been  ad  hoc 
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moulded  and  directed  by  an  outstanding 
lagement  problem:  Shea  (this  volume)  provides 
example  of  the  latter.   More  often  the 
)blem  is  not  well  defined  and  the  need  is 
:  an  overall  understanding  of  the  ecosystem, 
irseas  models  of  attempts  to  do  just  this  have 
n  the  large  and  expensive  programs  of  the 
:ernational  Biological  Program  of  the  USA,  the 
s  intensive  Hubbard  Brook  study,  the  strategic 
kshop  style  of  Holling  (1978)  and  the  selected 
me  approach  of  the  South  Africans.   Each  has 
olved  focus  on  a  particular  ecosystem  and 
a  and  each  has  been  typified  by  periods  of 
rt-term  intensive  involvement  and  inter- 
ciplinary  co-operation. 

The  challenge  to  planners  in  Australia  - 
have  limited  finance  and  many  areas  of 
erse  ecosystems  to  consider  -  is  to  produce  a 

cost  system  which  allows  a  quick  assessment 
current  knowledge  and  an  appreciation  of 
iciencies  in  that  knowledge.   If  it  could 

be  used  for  risk  assessment,  record 
ing  and  monitoring,  its  value  would  be 
tly  enhanced.   Such  a  system  would  be 
icit,  not  consisting  only  of  files  and 
ications  and  integrated  in  the  mind  of 

one  person,  but  readily  available  in  an 
:o-date  synthesis.   Integrated  planning  astute 
gement  and  a  modest  injection  of  finance 
,d  produce  such  a  system  for  Australian 
s  based  on  the  pioneering  research  of 
ell  (1976). 

Kessell's  method  has  been  to  make  an 
ntory  of  the  landscape  (which  can  Include 
tation,  floristics,  fauna,  streams,  roads, 
es ,  aspects,  elevations,  rock  types,  fuel 
s  etc.)  on  a  grid  system  at  a  suitable  scale 
ending  on  scale  of  variation,  finance 
lable,  state  of  existing  data  base  etc). 
Liogical  characteristics  are  linked  to  the 
ical  through  an  ordering  procedure, 
ess  can  be  introduced  by  including  the  time 
ent  and  appropriate  attributes  of  plants 
example  (Cattelino  et_  al.  ,  1979).   Real-time 
L;  information  can  be  obtained  when 
);  )priate  data  are  included  in  the  system. 
.  )ut  the  computer,  of  course,  such  a  system 
!>  upossible.  At  present,  there  is  no  computer 
?  ;m  operating  at  a  management  level  in  this 
a]  Ln  Australia  although  appropriate  systems 
)eing  developed. 

The  systems  devised  by  Kessell  have 

potential  but  require  administrative, 
erial  and  research  back  up.   They  can  warn 
lanager  of  data  which  is  based  on  limited 
mation  and  thereby  alert  him  to  research 
s  to  be  allocated  among  students, 
ssional  researchers  and  competent  amateurs, 
can  be  developed  to  guide  decisions  on 

and  could  be  improved  by  a  consideration 
zards. 

1  Monitoring  is  a  challenge  rarely  faced  yet 
oring  is  the  way  in  which  the  effectiveness 
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of  management  could  be  assessed.   Two  types  of 
monitoring  can  be  distinguished.   The  first  can 
be  called  "non-target  monitoring"  and  is  that 
used  for  no  particular  purpose  but  provides  a 
valuable  record  of  condition  and  change  :  e.g. 
photographs  from  satellites  and  planes.   The  value 
of  ground  photography  may  be  seen  in  research 
at  Koonamoore  in  South  Australia  (e.g.  Noble, 
197  7)  and  at  Kosciusko  National  Park  in  N.S.W. 
(Wimbush  and  Costin,  1979).   The  second  type 
may  be  called  "target  monitoring"  i.e.  where 
monitoring  is  for  more  specific  purposes  e.g. 
the  monitoring  of  population  sizes  of  rare  and 
endangered  species. 

Management  -  including  aspects  of  inventory, 
monitoring,  operations  and  research  -  can  take 
place  at  many  different  scales  and  appreciation 
of  this  is  most  important.   Flexibility  in 
management  systems  may  be  needed  to  account  for 
this.   This  is  true  also  of  the  understanding 
of  the  natural  ecosystem  in  which  scientific 
management  should  be  based. 

Hazard  Assessment 

Under  this  general  heading  I  identify  three 
issues  pertinent  to  vegetation-management 
planning  in  Mediterranean-type  vegetation. 
They  concern  the  problems  of  boundaries,  and  of 
fires  and  exotics,  and  are  considered  in  terms  of 
hazard  because  each  problem  is  associated  with 
risks  to  the  achievement  of  the  alms  of 
management.   Insufficient  attention  has  been 
given  to  these  problems  and  quantitative 
assessments  of  risk  are  needed  to  rationalize 
the  planning  process  (e.g.  Gill,  1977). 

Boundaries  mark  differences  in  land-use  and 
define  limits  of  responsibility  for  particular 
areas.   Thus,  smoke  management,  fire  management, 
fertilizer  application,  spraying  of  herbicides 
and  insecticides  etc.  need  to  be  contained 
within  the  system  for  which  they  are  designed. 
Land-use  planners  can  minimize  any  adverse 
effects  of  non-complementary  land  uses  being 
adjacent  to  each  other  by  allocating  land  around 
conservation  reserves  as  buffers. 

Urbanization  is  a  particular  problem. 
Many  reserves  are  near  to  or  enclosed  by  cities 
and  towns.   This  often  leads  to  problems  with 
fire  :  the  natural  fire  regime  is  upset  by  the 
fragmentation  of  the  landscape  in  the  first 
place;   and  altered  by  increased  and  unwanted 
ignitions  from  people  in  the  second;   thirdly, 
"natural"  fire  in  the  reserve  may  pose  a  threat 
to  the  surrounds  so  prescription  burning  is 
Introduced  to  protect  property  and  people 
beyond  the  boundary.   Thus,  a  buffer  area  within 
the  reserve  is  being  managed,  not  for  any 
internal  purpose,  but  to  protect  values 
outside  the  reserve.   The  effective  area  of  the 
reserve  for  nature  conservation  may  be  greatly 
reduced  while  the  more  appropriate  solution  to 
the  problem  may  have  been  to  have  the 
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conservation  reserve  bounded  by  a  buffer  area, 
not  by  houses. 

Natural  ecosystems  in  this  region  have 
evolved  under  particular  combinations  of  fire 
types,  frequencies,  seasons  of  occurrence  and 
intensities  (each  combination  being  a  particular 
"fire  regime").   Recognizing  this  assists  the 
manager  in  planning  because  then  it  is  realized 
that  the  events  following  any  one  fire  are  also 
related  to  the  effects  of  previous  fires.   Man 
has  altered  fire  regimes  by  affecting  rate  of 
ignition  and  extents  of  fires  so  we  can  no  longer 
assume  that  a  "natural"  regime  can  be  maintained 
in  a  small  reserve. 

Most  fires  today  are  caused  by  people 
although  lightning  is  an  important  factor.   With 
ignitions  being  more  frequent  the  manager  is 
faced  with  a  dilemma.   He  knows  he  can  reduce 
fuel  on  his  area  by  prescription  burning  and 
thus  reduce  any  impact  of  fires  on  people  and 
property  but  it  is  possible  to  burn  too 
frequently  and  thereby  adversely  affect  the 
resource.   Establishing  reserves  only  in  remote 
areas  has  been  precluded  by  history  in  many  cases, 
so  short-term  plans  need  to  consider  strategic 
burning. 

Maintaining  fires,  whether  natural  or  man- 
ignited,  within  areas  of  management  responsibil- 
ity poses  particular  problems  in  this  region. 
Fires  may  be  ignited  during  thunderstorms  in  dry 
weather  after  a  long  drought  or  be  lit  by 
arsonists  during  similar  conditions.   The  result 
fire  of  enormous  intensity  -  up  to  60,000  Kw  m 
(Luke  and  McArthur,  1978)  -  and  impossible  to 
control  directly.   Such  fires  send  fire-brands 
ahead  of  themselves  causing  further  ignitions. 
Under  such  circumstances  the  usual  fire  breaks 
become  insignificant.   The  spread  of  fires  by  the 
spot-fire  mechanism  and  the  severity  of  Australian 
forest  fires  have  been  a  strong  influence  in 
determining  the  fire-management  systems  operating 
today.   They  are  the  background  against  which 
many  decisions  are  taken.   They  stimulated  the 
introduction  of  prescription  burning  to  reduce 
fire  "hazard". 

Fire  "hazard"  has  too  often  been  conslderd 
as  a  variable  unrelated  In  any  specific  way  to 
people,  buildings  or  the  achievement  of  stated 
objectives.   For  people  and  buildings,  hazard 
will  vary  with  distance  as  well  as  fuel  loads 
and  weather  conditions.   For  nature-conservation 
values  it  could  be  defined,  for  example,  according 
to  the  vulnerability  of  species,  soils  or  water 
quality.   It  also  would  need  to  be  defined  in 
relation  to  the  keeping  of  fire  within  the 
reserve.   The  challenge  remains  as  to  how 
hazards  can  be  defined  and  modified  especially  in 
relation  to  high  intensity  fires.   Large-area 
prescription  burning  has  been  the  common  answer 
to  the  problem  of  high  intensity  fire  since  the 
1960's  with  fires  being  lit,  often  aerially, 
under  mild  conditions  at  times  of  year  when 
severe  fires  are  most  unlikely. 


Fire  may  prepare  the  way  for  weeds,  and 
feral  animals  as  may  other  events.   Whatever  the 
cause,  exotics  are  becoming  more  common  in  some 
areas.   The  alpine  region  of  Kosciusko  National 
Park,  though  by  no  means  an  "island"  in  the 
sense  of  being  surrounded  by  an  exotic  landscape, 
has  had  an  increase  in  exotic  plant  species  from 
6  in  1951  to  27  in  1979:   the  natural  flora 
there  is  about  200  species  (Costin  et^  al .  ,  1979) 

Some  areas  have  inherited  exotics  because 
of  land  use  prior  to  their  being  established  as 
conservation  reserves.   One  such  is  Cleland 
Conservation  Park  in  South  Australia  (South 
Australian  National  Park  and  Wildlife  Service, 
1979).   Of  this  area  approximately  75%  is 
considered  to  be  "weed  infested"  and  several 
feral  vertebrates  are  common. 

Kings  Park  in  Perth,  W.A.,  is  an  example 
of  a  situation  where  frequent  fires  and 
firebreaks  have  aided  the  spread  of  exotics 
particularly  in  or  near  firebreaks  or  where  the 
soil  has  been  disturbed  (Baird,  1977). 

CONCLUDING  REMARKS 


nit 


The  attitudes  and  perceptions  of  people 
have  been  important  forces  in  determining  land 
use.   These  have  changed  with  time.   A  shift  ii 
balance  to  "amenity"  was  indicated  in  the  1960 
The  extent  of  clearing,  the  intensification  of 
forest  management,  perhaps  the  rise  of  aerially 
ignited  management  fires  and  certainly  the 
general  rise  in  awareness  of  the  environment  by 
the  general  public  assisted  this  process. 
Scientific  survey  and  debate  over  the  sizes, 
shapes  and  numbers  of  reserves  also  contributed, 
Land-use  planning  is  needed  to  optimize  the 
choice  of  land  for  nature  conservation  in  a 
society  where  pressures  for  the  use  of  land  for 
urbanization,  recreation  and  the  intensive 
production  of  food  and  fibre  are  increasing. 

In  lands  set  aside  for  nature  conservation 
the  planning  challenge  is  to  develop  frameworks 
for  management  within  the  context  of  available 
manpower,  money  and  technology.  Inventory, 
monitoring,  record-keeping,  risk  assessment  and 
research  should  all  be  considered  in  the  system 
of  management. 
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Vegetation  Management  Planning  on  the  San 
Bernardino  National  Forest ' 


Gay  Almquist  and  Jeanine  Derby- 


Planning  Background 

Natural  resource  planning  is  not  new  to  the 
Forest  Service.   It  has  been  practiced  in  varying 
degrees  since  the  early  1900 's.   However,  much  of 
the  past  planning  has  been  directed  toward 
specific  activities  such  as  timber  harvesting, 
wildlife  management,  and  recreation.   Management 
planning  was  accomplished  in  later  years  through 
such  vehicles  as  Ranger  District  Multiple  Use 
Plans.   These  plans  usually  provided  for  broad 
zoning  of  National  Forest  lands  as  the  basis  for 
future  decisions  and  management  activities.   They 
also  included  coordinating  requirements 
considered  necessary  to  ensure  compatibility  of 
resource  uses.   These  plans  were  limited  in 
scope,  in  that  only  general  resource  management 
goals  were  identified,  and  then  only  from  a 
single  Ranger  District,  rather  than  from  a  Forest 
perspective . 

In  1969,  the  National  Environmental  Policy  Act 
(NEPA)  was  passed.   It  set  the  framework  for  the 
formal  planning  processes  the  Forest  Service 
follows  today.   The  major  changes  from  the 
multiple  use  and  individual  resource  planning  of 
the  past,  as  dictated  by  NEPA,  were  that  plans 
were  to  be  done  in  more  detail,  and  were  to  apply 
to  geographic  areas  containing  similar  social  and 
physical  characteristics.   Plans  were  to  be 
developed  incorporating  strong  interdisciplinary 
interaction,  and  the  public  was  to  play  a  more 
active  role  in  providing  input  and  review  for  the 
documents . 

Within  a  few  years  of  the  passage  of  NEPA,  two 
other  pieces  of  legislation  were  enacted  which 
have  had  a  tremendous  influence  on  the  scope  and 
intensity  of  resource  planning  within  the  Forest 
Service.   These  are  the  Forest  and  Rangeland 
Renewable  Resources  Act  of  1974  (RPA),  and  the 
National  Forest  Management  Act  of  1976  (NFMA). 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 
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Land  Management  Planning  Officer  and  Forest 

Botanist,  respectively,  U.S.  Forest  Service,  San 
Bernardino  National  Forest,  San  Bernardino, 
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Abstract:   Long-range  resource  plans  are  being 
developed  for  National  Forests  under  legislated 
environmental  planning  regulations.   Vegetation 
is  the  common  denominator  of  the  resource 
activities  for  which  the  Forest  Service  is 
responsible.   Through  the  management  of  vegeta- 
tion, water  yield,  sediment  yield,  erosion  ratei 
wildlife  populations,  species  diversity,  wildfi: 
potential,  biomass  production,  plant  vigor,  and 
overall  changes  in  ecosystem  dynamics  are  all 
affected.   An  interdisciplinary  approach  and 
public  involvement  are  both  vital  to  the  process 


RPA  requires  an  assessment  of  renewable  resource 
on  a  nationwide  basis,  and  makes  projections  of 
present  and  future  demands  for  these  resources. 
This  assessment  is  updated  every  ten  years.  RPJ 
projections  provide  the  output  targets  that  are 
used  by  the  Forest  Service  as  National  goals  foi 
production  of  goods  and  services. 


NFMA  takes  the  process  one  step  further  by 
establishing  statutory  direction  for  the  Forest 
Service  to  respond  to  National  demands  by 
developing  very  comprehensive  land  and  resource 
management  plans.   These  plans  will  integrate 
resource  management  direction  for  all  activities 
for  the  next  fifty  years  into  a  single  document. 
They  will  also  specify  the  capability  and 
suitability  of  the  land  to  produce  goods  and 
services,  the  amount  of  land  allocated  to  uses 
such  as  recreation,  wildlife  habitat,  and  biomas 
production,  and  the  schedule  of  outputs  from 
these  activities  over  time.   Driven  by  local 
public  issues  and  management  concerns  to  be 
resolved,  the  Forest  land  management  plans  will '| 
specify  management  practices  to  be  used,  such  as 
labor-intensive  brush  control  or  prescribed  fire 
predict  the  environmental  consequences  of 
specific  management  practices;  and  specify 
monitoring  and  evaluation  steps  to  be 
implemented. 

Identification  of  Resource  Management  Goals  and 
Objectives 

One  of  the  most  significant  changes  Forest 
planning  presents  is  that  for  the  first  time. 
National  Forests  will  be  developing  long-range 
resource  plans  that  not  only  deal  with  the 
integration  and  interaction  of  all  the  resources| 
simultaneously,  but  specify  a  schedule  of 
activities  and  resulting  outputs  over  time. 
Developing  definitive  resource  management  goals,] 
which  are  applicable  to  the  individual  National 
Forest,  is  one  of  the  earliest  tasks  associated 
with  any  forest  planning  process.   Without  this 
initial  step,  there  would  be  no  basis  for 
establishing  individual  resource  objectives, 
determining  what  data  should  be  collected,  or 
knowing  what  end  result  to  anticipate. 
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To  help  develop  resource  management  goals, 
legislated  environmental  planning  regulations 
(NEPA  and  NFMA)  require  the  identification  of 
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ernal  management  concerns  and  public  issues, 
ing  the  initial  phase  of  the  Forest  planning 
ort ,  through  public  involvement,  the  San 
nardino  National  Forest  identified  fourteen 
or  issues  and  concerns  which  represent  a  wide 
ge  of  activities.   The  type  and  intensity  of 
agement  in  chaparral  and  related  vegetation 

identified  as  one  of  the  overriding  concerns 
the  Forest  by  both  management  and  the  public. 

challenge  of  managing  chaparral  lands  to 
ieve  an  integrated  resource  program  will  be  a 

issue  in  the  Forest  Plan.   The  following  are 
;w  of  the  types  of  issues  that  will  be 
ressed: 

le  San  Bernardino  is  one  of  the  four  primary 
>uthern  California  Forests  that  provide 
icreation  opportunities  to  the  more  than  13 
Lllion  people  of  the  area.   The  demand  is 
icreasing  to  open  more  public  land  to  recrea- 
-on  uses.   Many  of  the  proposed  uses  are 
Smpatible  with  other  land  uses,  but  others  are 
:)t.   What  kinds  and  amounts  of  recreation 
iiportunities  should  be  emphasized,  taking  into 
onsideration  all  other  resource  uses  and 
:ipacts?   What  kind  of  vegetation  manipulation 
\   11  most  enhance  these  experiences? 

e  San  Bernardino  National  Forest  provides 
nicipal  water  to  12  individual  water  agencies 
d  numerous  irrigation  districts,  both  within 
d  outside  the  Forest  boundary.   Under 
isting  management  conditions,  the  Forest 
oduces  over  250,000  acre  feet  of  water 
inually.   Water  quality  and  quantity  are 
firectly  affected  by  the  manipulation  of 
■«getation,  and  one  of  the  questions  to  be 
aswered  is  to  what  extent  management  practices 
SDuld  maintain  ojr  enhance  water  production 
fom  National  Forest  lands. 

Hw  can  the  integration  of  resource  management 
9Jectives  with  fire  protection  objectives  be 
t^re  effectively  implemented?   Added  to  this 
dicem  is  the  fact  that  the  San  Bernardino 
clonal  Forest  is  one  of  the  most  fire-prone 
rests  in  the  entire  National  Forest  system. 
Pjtection  of  the  land  from  wildfire  is  a 
ciplex  task  because  of  the  rugged  topography 
ai  vast  expanses  of  highly  flammable  chaparral 
f  ;ls,  the  Mediterranean-type  climate,  Santa 
fli  winds,  and  increasing  urban  intrusion.   The 
r.jidly  developing  interface  between  existing 
u  )an  development  and  the  National  Forest 
c  iparral  slopes  presents  the  dual  problem  of 
E  I'tecting  Forest  lands  from  man-caused  fires, 
c  I  homes  from  wildland  fires.   The  feasibility 
effectiveness  of  establishing  greenbelts  or 
ir  equivalents  as  buffer  zones  between 
elopments  and  chaparral  areas  is  being 
died  as  a  part  of  the  land  management  plan. 

d  use  coordination  has  become  a  vital  issue 
t  ause  of  the  pressures  of  development  in  the 
E  vate  sector  and  the  growing  demand  for  the 
4  of  public  lands.   The  San  Bernardino  is  the 

y  National  Forest  in  the  nation  with  a 


year-round  permanent  population  of  over  40,000 
people  within  its  boundaries.  On  weekends  and 
during  other  high-use  periods,  this  figure  can 
rise  to  over  100,000  residents. 

-  Some  additional  concerns  to  be  dealt  with  are 
increasing  range  opportunities,  enhancement  of 
wildlife  habitat,  protecting  or  enhancing 
visual  quality,  and  what  kind  of  transportation 
network  is  needed  to  support  Forest  activities. 

Issues  will  be  addressed  in  the  Forest  Plan  under 
one  of  three  categories :   management  of 
vegetation;  allocation  of  support  facilities  and 
structures;  or  specially  administered  lands  such 
as  wilderness  areas,  cultural  or  historical 
areas,  and  biological  areas.   Of  the  major  issues 
identified,  more  than  half  will  be  addressed  by 
translating  policies,  standards,  guidelines  and 
management  direction  into  acres  of  vegetation  on 
the  ground  to  be  manipulated  over  time. 

Vegetation  is  the  common  denominator  of  the 
majority  of  the  resource  activities  for  which  the 
Forest  Service  is  responsible.   Through 
management  or  manipulation  of  vegetation,  water 
yield  is  increased  or  decreased,  sediment  yield 
and  erosion  rates  are  affected,  wildlife 
populations  and  species  diversity  may  be 
enhanced,  wildfire  potential  is  changed,  biomass 
production  and  plant  vigor  are  influenced,  and 
overall  ecosystem  dynamics  are  changed.   Not  only 
are  these  activities  controlled  to  a  great  extent 
by  the  periodicity  of  removal,  but  they  are  also 
affected  by  the  spatial  patterns  resulting  from 
vegetation  treatment  and  the  methods  by  which  the 
treatment  is  carried  out — prescribed  burning, 
mechanical  removal,  herbicides,  and  so  forth. 
Since  each  resource  activity  benefits  to  a 
greater  or  lesser  degree  from  various  and 
sometimes  conflicting  approaches  to  vegetation 
management,  the  challenge  to  the  resource  manager 
is  to  determine  the  goals  and  definitive 
objectives  for  which  the  land  will  be  managed 
over  time,  to  recognize  the  complex  interrela- 
tionships among  those  objectives,  and  to  develop 
a  sound  rationale  for  management  that  is 
ecologically,  economically,  socially,  and 
politically  acceptable. 

Although  this  description  depicts  the  San 
Bernardino  National  Forest,  the  basic  scenario, 
in  varying  degrees,  represents  similar  conditions 
all  over  the  world,  wherever  there  are  vast  areas 
of  chaparral-type  vegetation,  a  Mediterranean 
climate,  high  resource  values  to  be  managed  and 
protected,  and  the  increasing  pressure  of  urban 
development.   Management  of  the  vegetation  is  one 
of  our  major  working  tools.   The  diverse 
vegetation  systems  of  southern  California  offer 
some  of  the  greatest  challenges  to  management  in 
the  Nation,  if  both  the  intent  and  the  letter  of 
the  law  as  set  forth  in  the  National  Forest 
Management  Act  are  to  be  met.   The  remainder  of 
this  paper  will  outline  one  possible  approach  to 
the  application  of  the  land  management  planning 
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process,  as  outlined  in  NFMA  regulations,  to  a 
Mediterranean  ecosystem,  specifically,  the 
chaparral  and  related  vegetation  on  the  San 
Bernardino  National  Forest. 

Vegetation  Management  Planning 

Vegetation  management,  as  we  are  defining  it  on 
the  San  Bernardino  National  Forest,  includes 
actively  applying  some  practice  to  the  ground, 
such  as  doing  something  to  the  vegetation,  and 
also  deliberately  excluding  activity,  thus 
allowing  some  growth- related  or  development- 
related  processes  to  occur.   Implicit  in  this 
definition  is  the  requirement  that  the  persons 
responsible  for  land  management  understand  the 
dynamics  of  the  systems  they  manage.   It  requires 
an  understanding  of  the  relationships  between  the 
physical  and  biological  components  of  the  systems 
being  managed.   It  requires  that  managers  be  able 
to  predict  with  confidence  the  effects  of  doing 
or  not  doing  some  specified  activity  or  sets  of 
activities . 

There  are  basic  questions  a  Forest  Plan  must 
address  regarding  vegetation  management. 
Assuming  that  products  include  commodities  such 
as  wood  products  and  water,  and  also 
non-commodities  such  as  wildlife  habitat, 
recreation,  and  visual  experiences,  what  can  be 
produced  from  the  land?   Where  can  it  be 
produced,  and  on  what  schedule?   What  is  the  cost 
of  producing  these  things,  and  what  is  the  value 
of  the  things  being  produced?   What  are  the 
measurable  short-term,  long-term,  on-site,  and 
off-site  effects  of  producing  goods  and  services 
on  National  Forest  lands? 

The  focus  of  this  paper  is  on  techniques  for 
predicting  the  capability  of  the  land  to  produce 
goods  and  services.   The  question  of  whether 
specified  areas  within  the  land  base  are  suitable 
for  a  specific  use  will  not  be  addressed  here. 
Suitability  is  a  function  of  many  social  and 
political  issues  or  constraints  and  must  be 
determined  outside  of  the  physical-biological 
realm. 

The  scientific  community  has  produced  some 
significant  results  in  several  areas  of 
vegetation  and  ecosystems  research.   However,  we 
are  all  aware  of  the  many  gaps  in  existing 
information,  especially  for  southern  California. 
Taking  a  positive  approach,  there  are  a  number  of 
tools  available  to  facilitate  planning.   The 
vegetation  of  southern  California  is  now 
described  in  a  systematic  and  hierarchical  manner 
(Paysen,  et  al,  1981)  which  is  compatible  with 
the  National  Land  Classification  System   and  is 


Driscoll,  Richard  S.,  John  W.  Russell  and 
Marv  C.  Meier,  Recommended  National  land 
classification  system  for  renewable  resource 
assessments.   Unpublished  report  on  file  at  the 
Rocky  Mountain  Forest  and  Range  Experiment 
Stations,  Ft.  Collins,  Colorado. 


patterned  after  the  UNESCO  system  of  vegetation  r 
classification  (UNESCO,  1973).   Some  literature! 
is  available  which  allows  interpretation  of  the 
reproductive  strategies  and  developmental 
processes  of  various  plant  communities  (Keeley 
and  Zedler,  1978,  and  others).   Some  inf ormatior , 
is  available  which  will  allow  planners  to  predio 


relationships  between  the  physical  and  biologies 
elements  of  the  systems  (Bailey  and  Rice,  1969; 
Rice  and  Foggin,  1971).   The  Forest  Service  has 
also  developed  some  in-house  tools  to  facilitat*' 
predictions  about  the  relationships  between 
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various  characteristics  of  the  vegetation  systei 
being  managed  and  the  outputs  being  produced. 

With  that  basic  framework.  Forest  planners  and 
other  team  members  can  begin  to  examine 
management  activities  in  a  manner  which  will 
allow  them  to  predict  outputs,  analyze  effects, 
and  display  the  relevant  cause-and-ef feet 
relationships  between  outputs  and  effects.      8' 
Perhaps  most  important,  predictions  can  be  testfl 
and  examined  through  follow-up  monitoring. 
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Although  the  Forest  Service  conducts  many 
different  activities  on  the  ground  to  meet  a 
variety  of  vegetation  management  objectives,  al]' 
of  those  activities  can  be  grouped  into  one  of  ' 
four  basic  vegetation  management  categories.   T: 
first  category  is  removing  vegetation. 
Activities  in  this  category  include  removing 
entire  plants  or  parts  of  plants,  resulting  in < 
temporary  change  in  vegetation  structure  or 
species  composition.   Generally,  this  treatment 
induces  a  different  successional  phase  in  the 
stand  of  vegetation  being  treated. 


The  second  category  is  changing  the  vegetation 
type  in  order  to  produce  a  relatively  permanent ]|'"" 
change  in  physiognomy,  such  as  converting  trees*'"" 
to  grass,  or  shrubs  to  trees.  Vegetation 
manipulation  activities  which  would  be 
implemented  imply  some  level  of  management  over 
time  to  maintain  the  vegetation  in  the  desired 
state.   Greenbelts  comprised  of  orchards, 
irrigated  pastures,  recreation  areas,  or  manage 
woodlots  are  examples  that  might  be  included  ir 
this  category. 

Third  is  protection  from  insect  or  disease 
epidemic.   This  category  includes  all  activitie 
associated  with  treating  and  protecting 
vegetation  on  a  large  scale,  where  there  may  be 
potential  for  significant  effects  on  system 
dynamics . 

The  fourth  category  is  revegetation;  the  enhanc 
ment  of  existing  vegetation  through  replanting 
a  large  scale,  or  reintroducing  species  into 
historic  range.   It  could  include  the  introduc- 
tion of  non-native  species,  for  example, 
introducing  annual  grass  seed  on  a  b.urn. 


Recreation  Opportunity  Spectrum,  U.S.  Fore 
Service.   Wildlife  Habitat  Relationships,  R-5, 
U.S.  Forest  Service. 
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ly  in  the  process,  a  decision  must  be  made 
lUt  how  the  vegetation  Series,  or  stands  of 
linant  vegetation  which  are  present  on  the 
est  will  be  grouped  for  predicting  land 
■ability  and  for  analysis.   This  is  a  separate 
rcise  from  mapping.   Ideally,  the  decision  is 
ched  through  a  carefully  considered 
erdisciplinary  process.   Each  resource 
cialist  must  determine  the  logical  grouping  of 
station  that  allows  some  amount  of  confidence 
predicting  the  effects  of  a  set  of  activities, 

also  allows  the  prediction  of  the  outputs 
duced  in  goods  or  services.   A  leveling 
sion  must  follow  permitting  the  various 
Durce  specialists  to  bargain  and  to  agree  upon 

common  aggregation  of  plant  communities  that 
{  can  finally  and  vinanimously  live  with.  The 
c  is  much  easier  for  the  conifer  zones  on  the 
list,  where  established  management  practices 

observable  results  are  documented. 

tation  types  which  have  been  managed  for  a 
)er  of  years  provide  an  opportunity  to 
irience  the  effects  of  management .   When 
:ing  in  the  frontier  of  vegetation  management 
as  with  chaparral  and  oaks  or  other 

iwoods  of  the  Mediterranean  ecosystems,  we  do 

have  the  luxury  of  past  experience.   We  must 

all  the  professionalism  available,  in  other 

cies  as  well  as  our  own,  in  developing  a 

OTi  basis  for  writing  management 

criptions . 

igement  prescriptions  will  be  applied  to 
fcegates  of  vegetation  Series  in  order  to 
"eict  outputs  and  set  priorities  for  land 
.loation.   Ideally,  the  criteria  used  to 
igsgate  the  vegetation  should  be  based  upon 
.CDgical  principles.   Criteria  might  include 
^structural  characteristics  of  the 
■igiation — both  characteristics  of  individual 
a:s  as  well  as  community  structure.   They 

g;  also  include  the  physiological 

aicteristics  of  dominant  overstory  plants,  and 

f  cycle  characteristics,  including 

P'ductive  strategies  of  dominant  plants. 

y  cal  characteristics  such  as  percent  slope, 
Bi'orm,  and  climate  zone  will  be  applied  in 
d'  to  ultimately  sort  the  various  groups  of 
9'  ation  into  manageable  units  for  analysis 
r]ses.   The  physical  land  characteristics  will 
»« an  effect  on  the  productivity  potential  of  a 
9«  ation  group  and  will  also  affect  the  method 
ic  can  be  used  to  treat  the  vegetation. 
'<er,  in  most  cases,  it  is  not  possible  to 
2cct  a  direct  relationship  between  the 
yscal  characteristics  of  the  land  and  the 
aiant  overstory  species  that  exist  on  the 
Hd. 

:e  vegetation  has  been  grouped  by  Series  into 
Varies  of  similar  biological  response  and  the 
^ficant  physical  features  of  the  landscape 
"fiDeen  applied  as  a  further  sorting  process, 
i  ,3st  difficult  task  awaits.   Ultimately,  all 
'  s^'lines  must  arrive  at  a  common  understanding 
r  id  agree  upon,  the  various  successional 


stages  or  changes  in  overall  plant  community 
structure  which  produce  significant  changes  in 
outputs,  effects,  or  costs.   This  agreement  among 
disciplines  on  the  relationships  between  changes 
in  resource  production  and  changes  in  vegetation 
structure  or  successional  phase  is  essential. 
This  step  is  key  to  developing  management 
prescriptions,  which  are  the  basis  for  the  plan 
analysis.   At  the  same  time,  standards  that  will 
guide  or  constrain  the  activities  are  developed. 
The  constraints  will  be  carried  through  and 
applied  to  actual  on-the-ground  management. 

EXAMPLE 

A  hypothetical  example  of  a  management  treatment 
or  prescription  which  might  be  applied  to  Chamise 
Chaparral  on  the  south  side  of  the  San  Bernardino 
Mountains  follows: 

Management  Direction 

Within  all  chamise  chaparral  land  units  of  500 
acres  (202.5  ha)  or  more,  the  vegetation  will  be 
managed  in  a  mosiac  of  age  classes  on  a  20-year 
rotation  cycle  and  will  be  treated  at  5-year 
intervals. 

Standards  and  guidelines  applied  with  this 
practice  might  include 

1.  No  more  than  2000  total  acres  (810  ha) 
of  land  shall  be  treated  during  any  one 
year  within  the  Santa  Ana  River 
drainage . 

2.  No  more  than  10%  increase  in  sediment 
will  be  tolerated  within  the  watershed 
through-out  the  treatment  cycle. 

3.  Prescribed  fire  will  be  the  preferred 
treatment  method  on  slopes  >50%. 

4.  Every  initial  treatment  shall  include 
cultural  and  historical  inventories  and 
sensitive  plant  inventories. 

5.  At  least  10%  of  the  chamise  chaparral 
vegetation  shall  be  retained  in  a  mature 
phase  (>50  years  old)  at  all  times. 

6.  The  pattern  of  treated  acres  should  be 
spatially  arranged  in  35-50  acre 
(14-20  ha)  patches  with  at  least  200' 
(61  meters)  of  untreated  ground  between 
the  patches  whenever  possible. 

7.  Treated  acres  abutting  the  urban 
interface  will  be  accomplished  in  a 
manner  compatible  with  any  proposed 
greenbelt  projects. 

For  every  10  acres  (4  ha)  treated  within  the 
chamise  chaparral,  the  treated  land  might 
produce  50  acres  (20  ha)  of  wildlife  habitat 
improved  for  early  successional  indicator 
species,  0.5  acre  feet  (616  cubic  m)  of 
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water  yield,  20  visitor  days  per  year  for 
recreationists,  10  acres  of  cultural 
resource  inventory  completed,  and  one  animal 
unit  month  of  range.   Again,  these  are 
hypothetical  numbers  for  the  purpose  of 
illustration.   The  point  is  that  because  all 
disciplines  have  participated  in  developing 
the  rationale  for  writing  the  prescription, 
each  can  predict  some  outputs  which  are  tied 
to  a  treatment  schedule  on  a  specific  land 
type ,  and  develop  the  standards  and  guide- 
lines which  will  maintain  the  activity 
within  acceptable  impact  levels.   The 
intense  interaction  that  takes  place  among 
disciplines  to  achieve  this  stage  in 
planning  produces  a  confidence  level  which 
will  carry  through  for  the  rest  of  the 
process.   Time  and  energy  spent  in 
developing  feasible  management  prescriptions 
is  rewarded  through  a  commitment  to  the 
reliability  of  the  resulting  plan  and  an 
eagerness  to  implement  it.   Production 
models  can  be  tested  incorporating  ground 
truth  into  the  future  plan  revisions. 

Summary 

Probably  every  person  involved  in  this  stage  of 
land  management  planning  is  somewhate  idealistic. 
They  are  hoping  to  achieve  greater  perfection 
than  is  possible,  given  the  present  level  of 
experience  in  managing  these  lands  and  the  time 
frame  in  which  to  produce  a  plan. 

Each  participant  also  recognizes  that  as  social 
or  political  emphases  change,  the  plan  may  need 
to  change;  that  it  must  be  flexible  enough  to 
accommodate  unplanned  events  such  as  fire,  flood 
or  earthquake.   Given  these  unknowns,  what  is  the 
value  of  investing  so  much  time  and  energy  in  a 
Forest  Plan?   The  real  value  will  be  realized 
when  assumptions  and  predicted  relationships 
relative  to  vegetation  system  dynamics  have  been 
documented  and  tested.   The  set  of  planning 
criteria  being  developed  will  suggest  links 
between  actual  management  practices  being  applied 
to  the  ground  and  measurable  elements  or 
characteristics  of  the  systems  being  managed. 
The  set  of  criteria  and  relationships  can  be 
tested  through  research  and  monitoring  over  time. 
The  plan  will  be  an  attempt  to  define  the  now 
missing  links  between  management  practices, 
measurable  characteristics  of  the  systems  being 
managed,  and  the  goods  and  services  which  can  be 


produced.  Even  though  management  priorities  ma> 
change  or  the  demand  for  various  kinds  of  output 
may  change,  the  basic  principles  upon  which  lane 
capability  is  based  will  not  change. 

The  Forest  Plan  itself  will  be  validated  only  if 
and  when  we  can  show  that  the  sum  of  individual 
projects  applied  to  the  ground  and  implemented  c 
a  specified  schedule,  within  established  con- 
straints, will  produce  the  predicted  outputs  and 
effects. 
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;,egetation  Management  Planning  in 
ilediterranean-Type  Ecosysten^is:  A  Summary 
nd  Synthesis^ 


ecile  Rosenthal" 


The  six  papers  on  vegetation  manage- 
2nt  planning  raise  important  and 
3ntroversial  issues  for  all  levels  of 
jvernment .   These  issues  fall  into  four 
itegories : 

1.  Absence  of  basic  policy  direction. 

2.  Impact  of  private  property  rights. 

3.  Need  to  consider  fire  in  private 
land  use  planning. 

4.  Lack  of  informed  participants. 

JSENCE  OF  BASIC  POLICY  DIRECTION 

Only  the  National  Park  Service  (whose 
)licy  to  preserve  natural  systems  is  set 

legislation)  is  relatively  free  from 
mtroversy  over  land  use  allocations.   In 
■-her  agencies,  however,  decisions  on 
locations  must  be  made  before  planning 
in  begin  for  vegetation  management.   It 

essential  that  planners  and  the  public 
solve  basic  questions  such  as 

1.  Should  some  shrublands  be  managed 
for  direct  commodity  production 
such  as  energy,  fuelwood,  increased 
water  supply  and  grazing? 

2.  Should  some  shrublands  be  managed 
for  indirect  (and  hard  to  quantify) 
commodities  such  as  recreation, 
watershed,  wilderness,  wildlife  and 
aesthetics? 

3.  Are  some  shrublands  suitable  for 
permanent  conversion  to,  and  manage- 
ment as,  other  vegetation  types  that 
can  be  economically  maintained 
without  environmentally  adverse 
consequences? 

Although  it  is  possible  to  get  several 
inefits  from  land  under  multiple  use,  it 


"Presented  at  the  Symposium  on  Dynamics 
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is  not  possible  to  benefit  from  conflicting 
uses  that  require  different  management 
techniques.   Eventually  choices  must  be 
made, such  as 

1.  Should  a  fire  be  allowed  to  burn  or 
should  it  be  put  out? 

2.  Should  the  fuel  be  allowed  to  build 
up,  or  should  it  be  reduced  by 
prescribed  fire  or  other  techniques? 

Not  all  uses  will  thrive  on  the  same 
decision . 

It  is  my  belief  that  these  basic  land 
use  decisions  have  not  been  made  for  most 
Mediterranean  shrublands.   Shrublands  have 
been  neglected  because  of  a  perceived  lack 
of  economic  value.   Planners  and  the  public 
need  to  look  at  the  economic  benefits  from 
shrublands  (such  as  water,  recreation, 
wildlife  and  erosion  control)  and  the  costs 
of  mismanagement  (such  as  fire  losses, 
floods,  sedimentation,  and  slope 
instability) .   Planners  must  provide  the 
public  and  the  decision  makers  with  a 
discussion  of  the  options,  the  costs,  and 
the  benefits  of  various  management  direc- 
tions within  Mediterranean  shrublands. 
These  management  options  have  been 
considered  in  the  allocation  of  timber- 
lands  and  grasslands,  and  the  shrublands 
must  now  get  similar  attention  if  disasters 
of  fire,  flood  and  erosion  are  to  be 
avoided. 


IMPACT  OF  PRIVATE  PROPERTY  RIGHTS 

There  are  obvious  conflicts  between 
urbanization  adjacent  to  public  lands--a 
widespread  problem  which  Gill's  paper 
pointed  out  on  the  basis  of  the  Austrailian 
experience.   Urbanization  is  especially 
difficult  when  fire  is  a  threat  or  a  major 
management  tool.   Problems  of  liability 
were  not  mentioned  in  the  papers,  but 
concern  over  legal  action  is  a  constraint 
on  management  that  cannot  be  ignored. 

The  use  of  fire  can  be  controversial  be- 
tween adjacent  private  landowners  if  one 
objects  to  the  use  of  fire,  while  another 
favors  it  as  a  management  tool.   Urban 
growth  in  rangeland  aggravates  this  prob- 
lem with  neighbors  not  wanting  the  smoke 
nuisance  or  the  escape  risk.   The  paper  by 
Newell  reviewed  California's  approach  to 
using  prescribed  fire  and  discussed  the 
emotional  and  practical  problems  of  using 
prescribed  fire  when  a  landowner  must 
allow  agency  access  and  get  state  approval. 
Under  the  California  approach,  an 
uncooperative  landowner,  who  refuses  to 
participate,  but  who  owns  a  key  piece  of 
land,  can  thwart  the  public  purposes  of 
fuel  reduction  in  the  state's  program. 
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The  California  program  will  test  the 
feasibility  of  fuel  management  on  private 
property  where  permission  of  the  owner 
must  be  obtained.   Furthermore,  if  fuel 
buildup  cannot  be  controlled  on  private 
land,  the  public  cost  for  fire  suppression 
will  continue  to  rise,  damages  to  both 
public  and  private  lands  will  continue. 

The  Oberbauer  and  Evans  paper  based 
on  the  experience  of  San  Diego  County 
implies  thatour  private  land  use 
regulatory  system  may  not  be  capable  of 
preventing  ecosystem  degradation  on 
private  lands.   If  true,  and  I  believe  it 
is,  then  the  entire  preservation  burden 
falls  on  the  public  land  manager  who  is 
also  under  pressure  to  produce  more 
commodities . 


NEED  TO  CONSIDER  FIRE  IN  PRIVATE  LAND  USE 
PLANNING 

Public  expenditures  required  to  support 
building  in  and  adjacent  to  shrublands 
include 

1.  Fire  prevention,  management  and 
suppression. 

2.  Flood  and  debris  control. 

3.  Assistance  to  those  rebuilding 
after  fire,  flood,  or  mudslide. 

These  costs  are  increasing  because  of 
fuel  buildup  and  the  resultant  larger 
fires  that  escape  containment;  growing 
intensity  of  development  in  and  near 
shrublands  that  often  preclude  use  of 
backfires  and  fuel  reduction;  and  general 


inflation.  The  public  costs  must  be 
evaluated  and  balanced  against  the  bene- 
fits to  and  the  rights  of  shrubland 
landowners.  As  a  minimum,  planning  on 
private  land  must  consider  fire  safety  i 
terms  of  building  materials,  location  oJ 
development,  access,  water  availability, 
fire  protection  services,  density,  buffc 
zones,  and  fuel  management.  It  is  a 
challenge  that  planners  and  decision 
makers  must  meet  unless  we  are  to  accep1| 
increasing  fire  damage  in  Mediterranean 
climates  . 


LACK  OF  INFORMED  PARTICIPANTS 

Good  planning  depends  on  an  informed 
public  and  enlightened  decision  makers. 
Since  Mediterranean  shrublands  involve 
fire,  and  fire  involves  risk,  society  mit 
be  knowledgeable  in  order  to  make  the   j 
proper  choices.   In  the  absence  of  de-  H 
cisions,  fuel  continues  to  build  up.   D€  a 
is  often  an  inadvertent  decision  for  a  1 g 
fire.   The  "inform  and  involve"  effort 
advocated  in  the  paper  by  Daniels  and 
Mutch  can  help,  but  all  agencies  involve 
in  Mediterranean  ecosystem  management 
must  be  more  effective  in  explaining  to 
the  public  what  options  and  risks  exist.. 


These  papers  s 
public  agencies  t 
tation  in  Mediter 
papers  also  sugge 
political  systems 
ecological  knowle 
The  true  challeng 
management  plans 
property  rights, 
political  process 


how  the  commitment  of 
o  plan  and  manage  vege- 
ranean  ecosystems.   Thej 
st  that  social  and     [ 

are  lagging  behind 
dge  and  managerial  ski], 
e  will  be  implementing 
in  the  real  world  of 
pressure  groups  and  thel 
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Review  Comments^ 


:harles  W.  Philpot' 


The   quote    I    least   agreed    with   was   by   one   of    the 
•londay  morning   keynote  speakers.      He   was   talking 
about  management   of   Mediterranean  systems.      He 
saia   that   the   science   of    their  management   was 
virtually  unknown.      I  really   think  what  he  meant 
'to  say   was   that  many  management    proposals    for 
■lediterranean  systems  have  no  scientific   basis. 

Point    two   that   I'd   like   to  mention  deals   with 
the  concern  expressed   all   during    the  week   about 
Che   lack  of   social,    political,    and   economic    sub- 
jects  in   this   symposium.      That  was   pretty  much   by 
iesign,    because   this   was  meant   to   be  a   technical 
session,   although   it    is   not   a  classical    symposium 
in  some   senses.      We    tried   to  make   up    for   that 
Lack,    that  we   all   agree   is   important,    by  having 
some   planning   papers   this  morning   dealing   with   two 
issues.      One   is   the  planning   process   itself, 
whether   operational   activity,    program  planning,    or 
Aatever.      That's   how  most   of    this   technical 
information  is   applied,    if   it    is   applied.      And   the 
second    thing,   was   to  make    it   clear   that   there  are 
social,    political,    and   economic  considerations 
chat   in  many   cases   far   outweigh   the   technical 
information  we    tried   to   transfer   this   week.      I 
still  believe,    however,   you   can  have   all    the 
Dolitical    support,    economic   support,    etc.,   and   if 
/ou're  doing    things   that  are   technically  wrong   you 
ire  not   going   to  make   it    in  the   long   run.      But   in 
any  case,   we  were   aware  of    that  problem  and  we 
tried    to   make   up    for    that    this   morning   with    the 
Land  use  management   planning   session.      I  person- 
ally  feel   that    the   speakers   did   a  very   good   job   on 
Chat   issue. 

The    third    thing    I  would    like    to    talk  about   was 
nentioned  by  Malcolm  Gill   and   several   others   who 
lave   been   to    the    last    two    symposiums.       I  was   also 
It  the    1973   symposium  on  Living   with   Chaparral, 
Aich   was    sponsored    by    the   Sierra   Club,    California 
-lepartment   of    Forestry,    and   the   U.S.    Forest   Ser- 
/ice.      At    that    symposium,    prescribed    burning   was 
lot  mentioned  by  anybody.      Now  some   of   us    tried    to 
oention   it   by  using   "sneaky"   words,    but   generally 
:hat   was   a   no-no   at    that   meeting.      That    wasn't    too 
lany   years    ago. 
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In   1977,    what  Malcolm  said   was   entirelv   true, 
prescribed    burning   was   mentioned   by   some    speakers, 
and   occasionally   in   the   audience,   but    you   could 
tell   it   was  a  highly   controversial    subject   and   one 
on  which  we  had   a   long  way    to  go   to  gain   support, 
even   in  research   agencies. 

It's    interesting    to   note   that    in    1981    at    this 
symposium,    there   were   almost   no   papers   that   did 
not  mention  prescribed   burning   either  just    to  say 
that   we   were   considering   doing   it   or   that   the 
paper    itself   was  about   prescribed   burning.      I 
consider   that    quite  a   change    in  just   8  or   9   years. 
In    fact,    amazing    in  many    respects   because    I 
didn't   think   it   would   ever  happen.      But    I   tend    to 
be   a  cynic . 

The   other   two    things    I  noticed   are   that    in    1977 
we  had  a  very  hard   time   getting   people   to   present 
papers   on  soil   nutrients   in  Mediterranean  systems 
and   wildlife    in  Mediterranean   systems.      In   this 
symposium,   we   had    an   overabundance   of    nutrient 
papers.      We  had   to    turn  a   lot    of   nutrient   papers 
down.      We   still,    although  we   had   adequate   papers 
on  wildlife,    do  not   have   adequate   research   in 
Mediterranean  systems  on  nongame   species.      That's 
another  area   we  have    to   address.      Maybe  at    the 
next    symposium  we'll   have   a    lot   of    papers    about 
nongame  species.      You   can  get   all    the   papers   you 
want   on  deer   and   moo   cows ! 

My    fourth    point,    and    Bob    Callaham   did   mention 
it  also,    is   that   it's   very  difficult    to   transfer 
information  to  managers  at   an   International    Sym- 
posium,  because  historically  they   are  designed    to 
transfer    information   among    scientists   and    not    to 
practitioners.      Therefore,    you  have   to  deal   with 
two    things.      One    is    the    format    of    the    symposium 
and    the    participants,    and    the    second    is    the    format 
of    the    presentations.       It's    very   difficult    to   get 
researchers    to   write   papers    and    talk  about    their 
research   in   terms    of  management   needs  or  manage- 
ment   implications,    or  even   to  make   statements   at 
the  end   about    what   this  means   to  management.      We 
did    have    some    good    examples   of    researchers    that 
did    this:      Tim   Paysen,    Lisle   Green,    Paul    Z)nke, 
and    Sid    Shea.       I'm  not    just    singling    them   out,    but 
their   papers   are   examples    of    the    kinds    of    papers 
that   we    can   present    that    clearly   explain  manage- 
ment   implications. 

I'd   also    like    to   say    that   in  mv  opinion   the 
practitioner   papers  at    the   symposium   which  are 
normally  not   included    in   international    symposiums 
are,    for   the  most   part,    outstanding.      I   think  it 
would  have   been  a  good   move   on  our  part    to  have   a 
workshop    format    for   some    of    the    afternoon   sessions 
and    have    some    afternoons    totally   free.      We   argue 
about    this    every    time    we    put   a    symposium    together. 
Someday   some   of   us   will  win   on   that   point. 

Bob   Callaham  also  mentioned    that   we're   going   to 
try   and    rewrite   the   proceedings   into   a  short   50  or 
60  page   synthesis   document    for  managers.      I   think 
we   can  do   that.      At   this   point,    the   proceedings 
would    be    about    700   pages,    which   would    be   a    little 
tough    to   handle    in    the    field. 
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The   next   point    I'd    like    to  make    is   the  point 
that  many   of   us  have   tried   to  make    for  several 
years.      It   has   to  do  with   the  difference  between 
prescribed   burning,    prescribed   fires,    and   wild- 
fire.     There    isn't   any  difference  between   pre- 
scribed  fire  and   wildfire   in  the   fire   behavior  and 
fire  effects  sense.      Prescribed   burning   and  wild- 
fire are   political   terms,    policy   terms,    and    legal 
terms.      They're  not   fire  behavior   terms   or   fire 
effects   terms.      The   reason   I   point   this   out   is 
that   there's   a   lot  of    fire  effects   information 
available    that   has   come   off    wildfires   and    people 
tend   to   ignore   it  because    it   came   off   wildfires. 
It   can  be  a  very   serious   problem.        There   is  no 
difference.      Fires   that   spread    the  same  way,   have 
the  same   intensity,    and   burn  the  same   terrain  and 
the  same   fuel    types — they're   the  same   fire,    pre- 
scribed or  not.      This    leads   to  another   problem  we 
have,   especially   in   research.      We  still   have  a   lot 
of    research   going   on    in   fire    effects,    where    the 
fire    itself    is   not   documented.      People   are   present- 
ing  information   to  managers    from  high    intensity 
fires,    low   intensity    fires,    and   medium    intensity 
fires  and  managers  have   difficulty   using   it, 
because   somebody  assigns   high   intensity    to   a   fire 
in  one  watershed  and   a  mile  away   the  same   fire 
behavior  may   be    somebody   else's    low   intensity 
fire,      A   lot   of    fire   effects   information,    in   fact 
about    95   percent    of    it   nationwide,    is   almost 
useless    from  a   standpoint    of    implementation 
because    it   cannot   be    related    to    fire   behavior 
characteristics   which   is  how  managers  are   writing 
prescriptions.      They  don't   know  how   to   predict 
effects    because    they   don't    know   what    the 
researcher  meant   when  he   said    "low   intensity."      So 
I  hope   we   can   get    that    in   better   shape    in   the   next 
few   years. 

Another   problem   or   concern   I   have   with   pre- 
scribed  burning,   ecpecially    in  Mediterranean 
ecosystems,    is   there  are  people    talking,   at    least 
I   perceive    that    they   are    talking,    about   massive, 
broad-scale   approaches    to   prescribed    burning,      I 
think  they  need   to   look  at   some   of   the   work  Tim 
Paysen   has   done   and    some    of    the   comments   Jeanine 
Derby   made    this   morning    indicating    that    there    is 
quite   a  mosaic    of    conditions    and    sites    out    tfiere. 
There   are   verv   different    fire   needs   and   verv 


short   spatial    changes.      We  have   the   ability   novt( 
write    prescriptions  and   talk  about    fire   effectsoi 
a  much  more   refined    scale   than  just    taking   a 
flying   drip    torch  out,    touching   off    20,000   acre 
every  afternoon  because  we   want    to  manage   fuels 
type  convert,    or   whatever.      If    you're   going   to 
talk  about   vegetation  management,    I   think   you 
ought    to   get   serious   about   it   and   get   a    little  i 
back   from    those    kinds    of    approaches. 

One  more    thing   and    it's   just   a    suggestion    fc 

the    future.      I  started    adding   up    the   number   of 

acres   of    prescribed   fire   officially  planned    foi 

southern  California   for   chaparral  management 

(including   the   Los   Padres   National   Forest).      I 

came   up   with  something    like    150,000   to   200,000 

acres  a   vear.      We   don't   have   the   resources  on  i 

lie 
forest   or  a  district,    or  a  California  Departmei     ^ 

of   Forestry   region,    or  a   County   to   go   into   that 

kind   of   a  prescribed   burning   program   in   southei 

California,    because   of    limitations   of    people, 

money,    air   space,    and  windows — prescription  wii 

dows.      I   think   the    prescribed   burning   people  ai 

the   fire  people   and   the   practitioners    in   this 

room,    and   other   places,   need   to   get    together  ai 

give   prescribed   burning    the   same   emphasis   they 

giving   suppression   through   things    like   FIRESCQ]    I" 

and    the  Operations   Coordination  Center. 

There  are    tools,    organizations,    contracts, 
agreements,    and   all   kinds   of    things   available  i 
coordination  and   sharing   of    resources.      These    | 
ought    to  be    converted   and  modified    so    they   coul ■* 
be   used    for   prescribed   burning.      One   place   in  I'e 
world  where   this  approach   is  very   successful   i; 
Western  Australia,    where    prescribed   burning   is 
planned    about    2  years   ahead.      The  windows   are 
allocated   down   to   the    forest    level,    resources  ie 
allocated   down   to   the   forest    level,   and   everybcv 
isn't    going   out    on   the   same    day   and   burning    18. 0( 
acres   of    their   ground.      It   may    loo'/    like    that 
sometimes    in   the   movies,    but    that's    not    how   th( 
do    it.      We   have    that    same   problem    in    southern 
California.      I  just    can't    imagine   the    prescribe 
burning    that   we    need,    and    are   planning,    and    art 
committed    to   now,    going   on   much    longer   at    the 
district    or   small    organizational    level. 


tl 
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eview  Comments^ 

ichard  Vogl^ 


A  few  concerns  have  arisen  during  this  sympo- 
um.  One  of  these  relates  to  the  transfer  of 
isearch  findings  to  management  practices.  Under 
rmai  circumstances  in  science,  one  study  is  of 
ttle  significance  until  the  study  is  duplicated 
d  similar  findings  are  obtained,  particularly 

various  investigators  at  different  locations. 

this  process  of  reproducibility,  some  hypotheses 
come  principles  and  some  ideas  will  be  eventually 
ated  as  facts.  These  facts  and  principles  must 
en  be  evaluated  by  experienced  researchers  in  the 
ntext  of  the  ecosystem  and  verified  by  seasoned 
source  managers  in  the  light  of  man's  needs 
.fore  they  are  incorporated  into  management. 

jl  I  think  we  should  be  cautious  about  the  signifi- 
nce  of  the  findings  of  one  study  and  of  formula- 
ing  and  executing  management  practices  as  a  result 

it.  Although  chaparral  ecosystems  have  suffered 
om  lack  of  management  or  mismanagement,  and  man- 
ers  are  now  anxious  to  correct  this,  they  must 
tiently  wait  for  research  findings  to  withstand 
e  test  of  time  before  basing  management  actions 
'  them.  This,  of  course,  does  not  mean  that  any 
udy  is  worthless  or  unnecessary,  but  rather  that 

is  an  important  and  essential  building  block  of 
ience. 

Meanwhile,  there  are  numerous  management  prac- 
■,:es  that  can  be  put  into  execution  immediately 
ithout  waiting  for  the  many  details  to  be  resolved 
I  science.  This  can  be  accomplished  by  employing 
nagement  practices  that  work  within  the  natural 
'imework  of  the  system,  --  management  that  works 
tth  nature.  Resource  management  practices,  for 
nmple,  that  duplicate  natural  processes  inherent 
1  a  given  region  are  the  most  likely  to  succeed 
ii  be  compatible.  Sound  management  must  also  use 
(rjnon  sense  and  put  things  into  perspective. 
S;h  management  would  be  a  big  step  forward  because 
i:il  now  we  have  largely  ignored  nature  and  have 
t:empted  to  defy  the  natural  laws  of  chaparral 
^systems. 

We  must  also  be  aware  of  California's  history  of 
i 'brush  fighter's"  mentality  and  that  such  feel- 
';s   toward  "brush"  still  exist  and  might  again 
hvail.  For  years  the  L).  S.  Forest  Service  and 
(lifornia  Division  of  Forestry,  along  with  private 
lidowners,  waged  war  on  chaparral.  One^- twentieth 
c  California  is  occupied  by  this  "worthless  brush" 
lit  has  defied  destruction  by  livestock,  burning, 
^-ting,  spraying,  bulldozing,  and  conversion.  We 
t/e  eradicated  California's  native  grasslands, 
^'e  worn  the  California  deserts  bare,  and  are 
hsently  eliminating  our  forests  with  saws,  smog. 


second-homes,  and  unnatural  fires.  Even  the 
indestructible  tropical  forests  of  the  world  are 
now  being  irreversibly  destroyed  at  the  rate  of 
50  acres  per  minute.  There  must  be  those  who 
believe  that  the  eradication  of  chaparral,  present 
in  the  backyard  of  progressive  California,  must 
also  be  near  at  hand. 

Such  negative  attitudes  toward  chaparral  are 
expressed  less  commonly  today.  In  recent  years 
there  has  been  talk  among  even  the  hard-core  brush 
fighters  of  "learning  to  live"  with  chaparral. 
One  does  not  know  if  this  is  an  admission  of 
defeat  or  the  acquisition  of  ecological  wisdom. 
Current  considerations  of  the  large-scale  harvest- 
ing of  chaparral  for  use  as  fuel  for  energy  may  be 
a  way  that  the  latent  brush  fighters  may  be  able 
to  renew  their  costly  war  on  brush. 

The  brush  fight  will  continue  to  arise  in  var- 
ious forms  unless  we  make  efforts  to  fully  under- 
stand chaparral  ecosystems.  Ecologists  maintain 
that  the  native  plant  growth  that  has  become 
established  in  a  given  region  is  the  best  adapted 
vegetation.   In  other  words,  nature  knows  best, 
and  there  is  little  or  nothing  man  can  do  to 
improve  upon  it.  This  means  that  the  existing 
vegetation  such  as  chaparral  does  the  best  job  of 
controlling  erosion,  stabilizing  the  area,  main- 
taining the  watershed,  surviving  climatic 
extremes,  providing  biological  diversity,  and 
supporting  wildlife  without  the  help  of  man,  or 
without  cost.  If  we  replace  or  alter  the  native 
growth  we  will  find  that  it  is  not  only  unsatis- 
factory in  various  ecological  ways  (triggering 
never-ending  degradation  overruns  and  tailspins), 
but  is  also  an  eternal  commitment  of  time,  money, 
and  energy  (items  in  critical  shortage  in  the  U. 
S.A.).  Without  these  continued  expenditures,  a 
degraded  and  continually  deteriorating  system  that 
may  not  return  to  the  original  vegetation  will 
result.  If  we  think  that  chaparral  presents  prob- 
lems and  appears  worthless,  we  have  not  thought 
ahead  to  the  degraded  alternatives  that  would 
replace  chaparral  if  we  succeeded  in  eliminating 
it.   When  man  wars  against  nature,  man  wars 
against  himself! 

It  seems  that  "practical"  men  have  ruled  our 
world  through  time  and  this  is  one  of  the  reasons 
that  it  is  presently  in  such  a  mess.  Perhaps  the 
only  meaningful  use  of  chaparral  will  be  to  humble 
those  men  --  the  conquerors  --  who  are  ever  trying 
to  change  and  "improve"  the  face  of  the  earth  -- 
who  believe  that  chaparral  is  one  of  nature's 
mistakes.  Maybe  chaparral  will  help  us  to  learn 
to  live  with  nature,  coexisting  with  the  natural 
resources  present  in  an  area.   Perhaps  the  only 
worthwhile  use  we  will  ever  get  from  chaparral  is 
studying  it,  and  in  that  way  understanding  it, 
thereby  helping  us  to  understand  ourselves.  Even 
though  we  come  from  a  long  line  of  ecosystem 
destroyers,  and  it's  in  our  genes,  I  think  we  can 
still  change  our  ways,  and  begin  to  live  with  the 
premise  that  nature  knows  best. 
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Review  Comments^ 


R.  L.  Specht- 


MEDITERRANEAN  ECOSYSTEMS 

The  mediterranean  regions  of  the  world  are 
characterised  by  an  annual  climatic  sequence  in 
which  a  hot  dry  summer  season  alternates  with  a 
cooler  wet  period.   Mediterranean  regions, 
showing  this  climatic  oscillation,  extend  from 
the  semi-arid  to  the  humid  zone. 

A  wide  range  of  plant  communities  may  be 
observed  throughout  mediterranean  regions, 
ranging  from  semi-arid  grasslands  and  shrublands 
to  woodlands,  open-forests  and  even  tall  open- 
forests  (containing  the  tallest  trees  in  the 
world) . 

The  nature  of  the  ground  stratum  depends  on 
the  nutrient  level  of  the  soil  -  a  grassy/ 
herbaceous  ground  stratum  is  characteristic  of 
rich  soils,  while  a  sclerophyllous  (heathy) 
ground  stratum  flourishes  on  soils  very  low  in 
plant  nutrients. 

It  is  this  wide  range  of  ecosystems  which  must 
be  considered  in  a  discussion  on  the  interaction 
of  research  and  management  in  mediterranean-type 
ecosystems. 

CONSERVATION  OF  MEDITERRANEAN  ECOSYSTEMS 

Any  landscape  is  likely  to  be  subjected  to  a 
number  of  competing  methods  of  land-use,  developed 
to  satisfy  the  needs  of  man.   Among  the  various 
land-use  alternatives  may  be  cited:-   urban 
and  industrial  development;   water  supply;   waste 
disposal;   transport;   mining;   agriculture  and 
horticulture;   forestry;    tourism  and  recreation. 
The  conservation  of  ecosystems  and  of  associated 
biota  must  be  regarded  as  sharing  an  equal  place 
with  the  many  other  conflicting  land-uses. 
Unfortunately  for  the  land-use  planner,  natural 
ecosystems  are  often  unique  to  the  area;  in 
weighing  alternatives,  it  may  be  impossible  for 
the  planner  to  dismiss  conservation  reserves  as  a 
land-use  strategy  which  can  be  achieved  elsewhere. 
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The  first  priority  in  landscape  planning 
should  be  to  acquire  a  comprehensive  and 
adequate  system  of  conservation  reserves. 
These  reserves  should  be  of  sufficient  size 
and  diversity  to  ensure  adequate  conservation 
(for  both  perpetuation  and  evolution)  of  the 
range  of  mediterranean  ecosystems  and  their 
component  biota. 

It  is  often  assumed  that  conservation  reserve 
must  be  protected  from  natural  perturbations  sue 
as  fire,  overgrazing  by  herbivores,  insect 
plagues,  etc.  which  have  influenced  ecosystems 
for  countless  years  in  the  past.  Such  decision^ 
may  lead  to  relatively  homogeneous,  overmature 
communities,  often  with  reduced  species  diversity 
Heterogeneity  of  age  classes  and  diversity  of 
landscape  appear  to  be  essential  requirements  fo 
long-range  conservation  and  for  evolution  of 
biota  and  ecosystems.  Management  is  necessary  t 
attain  these  objectives. 

As  well,  environmental  impacts  imposed  on  the 
conservation  reserve  both  from  people  within  thi 
reserve  and  from  adjacent  land-use  strategies  mc 
need  careful  management  techniques  to  conserve 
the  ecosystem  intact. 

MULTIPLE  LAND  USE 


?1 


However,  only  a  small  percentage,  say  5  to  IC 
percent,  of  the  landscape  will  be  declared  as 
conservation  reserves.   Much  of  the  landscape 
will  be  converted  to  man's  immediate  needs  -  url 
and  industrial  development  with  associated  land 
uses  such  as  reservoirs,  grazing,  agriculture, 
forestry,  and  mining  to  supply  water,  food,  timi 
and  minerals.   In  many  mediterranean  landscapes,  ''■^' 
the  topography  may  be  unsuitable  for  complete 
conversion  of  the  original  ecosystem.   Multipl 
land  use  may  be  attempted  in  these  less  accessil 
areas;   conservation  may  be  one  of  the  aims  of 
management  of  these  areas  but  it  is  probable  th. 
in  the  long-run,  only  the  most  resilient  of  the 
species  will  survive.   The  objective  of  manageme 
in  these  areas  is  then,  not  conservation,  but  tl 
maintenance  of  ecological  stability,  possibly  w 
a  continual  supply  of  extractable  products.   Th4B^"^ 
ecological  stability  present  in  the  original 
ecosystem  may  include  a  supply  of  fresh  water 
(with  balanced  nutrient-levels) ,  a  stable  soil 
surface,  a  minimum  of  fires.   Fires  become  an 
increasing  problem  when  urban  development  impin' 
on  these  semi-natural  mediterranean  landscapes. 

What  are  the  extractable  products  which  may  1  '* 
gained  from  semi-natural  mediterranean  ecosystem: 
Water;   fodder  for  grazing  and  browsing  of 
domestic  animals;   fuel  and  timber;   native  and 
feral  mammals  and  birds  (hunting  and  food)  ;   heiB''< 
cut  and  dried  flowers;   some  fruits  and  bulbs; 
honey;   possibly  peat,  clay  and  rock. 

It  would  appear  possible  to  maximise  the 
supply  of  one  or  more  of  these  extractable 
products  by  manipulation  of  the  ecosystem. 
Nevertheless  a  number  of  attempts  to  achieve 
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:ese  objectives  has  led  to  instability.   For 
ample,  conversion  of  the  deep-rooted,  crown-root 
prouting,  evergreen  chaparral  vegetation  to  a 
.allow- rooted  seasonal  grassland  has:- 

(1)  Improved  water  flow,  but  with  release  of 
nitrate  ions  stored  in  soil  (Sodium  ions 
are  released  from  solodic  soils  in 
mediterranean  Australia) . 

(2)  Increased  seasonal  herbage  for  grazing 
animals,  but  with:- 

-  increased  soil  erosion  during  flood 
periods  at  the  end  of  the  dry  summer 
season 

-  invasion  of  mediterranean  weeds  and 
pathogens 

-  increased  fire  hazard  from  both 
lightning  strikes  and  man  (grass  fires, 
often  causing  loss  of  life  and  property 
in  mediterranean  Australia,  may  occur 
every  year  whereas  brush  fires  are 
relatively  infrequent) . 

The  conversion  of  brushland  to  grassland  may  be 
extreme  example  of  the  instability  induced  in 
ecosystem  by  manipulation.   It  is  cited  to 

phasise  the  sensitivity  of  many  mediterranean 

osystems  to  perturbation. 

OSYSTEM  RESEARCH 

In  order  to  provide  a  sound  basis  for 
nagement  decisions,  it  is  necessary  to  continue, 

strengthen,  or  to  establish  a  number  of 
tegrated  projects  for  analysis  of  the  structural 
namics  and  functioning  of  representative 
diterranean  ecosystems  especially  in  response 

the  effect  of  various  environmental  impacts, 
r  example,  fire,  erosion,  grazing,  selective 
imoval  of  plant  or  animal  species  (by  harvesting 

hunting) ,  nutrient  removal  by  harvesting  or 
,azing,  invasive  weeds,  vermin,  pathogens, 
mospheric  pollution,  nutrient  and  other  chemical 
ntamination,  salination  -  all  of  which  can  be 
mulated  by  controlled  experimentation.   Each 
tegrated  project,  investigating  one  or  more 
jor  environmental  impact  ,   should  be  planned 
om  an  holistic  (not  fragmented)  systems  approach. 

is  desirable  to  supplement  the  large  projects, 
|ich  necessarily  have  to  be  limited  in  number, 
th  a  series  of  supplementary  projects  intended 

solve  special  problems,  as  well  as  supplying 
|ditional  information  for  comparison  and  synthesis. 

The  aim  of  the  integrated  project  is  to  define 
e  basic  ecological  rules  operating  within  the 
psystem  -  rules  which  are  applicable  to  all 
diterranean  ecosystems  -  and  to  synthesise  these 
les  into  a  relatively  simple  working  model 
ich  will  enable  the  effect  of  an  environmental 
ipact  to  be  predicted. 

It  must  be  stressed  that  even  a  simple  model, 
•  outlined  in  this  author's  paper  on  the 
;  leral  Characteristics  of  Mediterranean- type 


Ecosystems  in  the  first  session  of  this  Symposium, 
appears  to  provide  a  basis  for  national  and 
international  predictions  of  the  results  of 
management  practices  on  mediterranean  ecosystems. 

The  essential  point  is  to  establish  the 
basic  ecological  rules  as  they  operate  seasonally, 
annually,  and  cyclically  (over  the  life  cycle)  in 
the  ecosystem.   In  the  past,  ecosystem  research, 
which  tackled  the  problems  associated  with  sharp 
environmental  discontinuities  or  with  ecosystem 
change  along  environmental  gradients,  has 
established  many  basic  rules  and  is  likely  to 
be  a  productive  area  of  research  in  the  future. 
Once  basic  ecological  rules  have  been  established, 
the  best  management  policy  can  be  determined  in 
the  light  of  the  various  environmental  impacts 
likely  to  be  experienced  in  conservation  reserves 
or  semi-natural  ecosystems  (where  multiple  land 
use  is  practised) .   The  ultimate  aim  should  be 
long-term  stability  of  the  ecosystems,  associated 
with  sustainable  yield,  albeit  at  a  level  below 
the  maximum  possible  (on  a  short-term  basis) . 

Nevertheless,  it  must  never  be  forgotten  that 
extremely  rare  events  (such  as  volcanic  eruptions, 
land-slips,  cyclonic  storms,  floods  etc.)  are 
virtually  impossible  to  predict  and  may  disrupt 
even  the  most  soundly  based  management  program. 

RECONSTRUCTION  OF  DEGRADED  MEDITERRANEAN  ECOSYSTEMS 

Throughout  mediterranean  regions,  there  are 
many  areas  where  these  objectives  of  sustainable 
yield  and  long-term  stability  have  not  been 
realised.   Long-term  stability  has  been  forfeited, 
often  unintentionally,  for  a  relatively  short 
period  of  maximum  yield.   As  alternate  land-use 
may  not  be  possible,  efforts  should  be  made  to 
restore  these  degraded  areas  to  their  former 
status  of  long-term  stability  (with  or  without 
sustainable  yield) .   Such  reconstruction  efforts 
should  be  based  on  the  basic  ecological  rules 
derived  from  research  projects  such  as  outlined 
above,  rather  than  the  empirical  trial-and-error 
methods  which  are  often  applied.   At  this  stage 
of  our  knowledge,  it  would  be  unwise  to  claim  that 
reconstruction  of  original  ecosystems  (containing 
all  conservation  objectives)  is  possible.   However, 
long-term  stability  (with  or  without  sustainable 
yield)  seems  a  valid  aim. 

FUTURE  RESEARCH  AND  MANAGEMENT 

Research  in  mediterranean  ecosystems  should 
aim  at  understanding  the  basic  ecological  rules 
operating  within  the  system  and  how  resilient  these 
ecosystems  (and  their  component  species)  are  to 
environmental  stress.   Simple  working  models  will 
enable  the  effect  of  an  environmental  impact  to 
be  predicted.   Such  ecosystem  research,  basic  to 
management  problems,  will  be  the  major  theme  of  the 
Fourth  International  Conference  on  Mediterranean- 
type  Ecosystems  to  be  held  in  Perth,  Western 
Australia,  August  1984. 
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Review  Comments^ 


Harold  J.  Biswell' 


Since  1947,  I  have  been  a  strong  advocate  of 
prescribed  burning  in  California's  Mediterran- 
ean-type ecosystems,  primarily  to  reduce  fire 
hazards  and  the  severity  of  wildfires.  Also, 
through  prescribed  burning  the  high  cost  of 
suppressing  fires  can  be  reduced.   I  am  also  a 
strong  advocate  of  fire  prevention  and  suppress- 
ion. All  of  the  three  aspects  of  fire  manage- 
ment —  prevention,  suppression,  and  prescribed 
burning  —  are  extremely  important.   They  should 
go  together  and  be  treated  about  equally.   In 
past  years  much  attention  and  expense  have  gone 
into  fire  prevention  and  suppression,  but  veiy 
little  into  prescribed  burning.   This  has  been 
a  mistake.  About  equal  attention  and  expense 
should  go  into  each  of  the  three  aspects.  When 
Prescribed  burning  is  pursued  vigorously  and 
carefully,  fire  prevention  and  suppression  be- 
come easier  and  less  expensive. 

The  general  public  is  being  involved  more  and 
more  in  decisions  regarding  resource  management 
plans  and  research.  Many  of  those  people  are 
becoming  concerned  about  the  difficulties  enco\in— 
tered  in  controlling  wildfires,  and  the  damage 
they  cause,  the  expenses  involved.   Probably  this 
concern  will  increase;  we  will  be  forced  to  do 
more  prescribed  burning  to  reduce  fire  hazards. 

I  must  emphasize  that  the  foremost  problem  in 
managing  California  Mediterranean-type  ecosystems 
is  that  of  severe  wildfires.   I  am  not  sure  that 
the  symposium  emphasized  this  enough.   In  southern 
California  where  the  soils  are  highly  erodable  on 
steep  topography,  wildfires  in  chaparral  that 
bum  entire  watersheds  can  create  extremely 
severe  flooding  and  soil  erosion  problems.   Fur- 
thermore, the  problem  of  wildfires  is  not  dimin- 
ishing.  On  the  contrary,  it  becomes  more 
critical  each  year  as  fuels  continue  to  build  up, 
particularly  in  the  interfaces  between  country 
and  town  where  there  are  more  houses  to  be 
destroyed  or  damaged. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

2 
Professor  of  Forestry  and  Fire  Ecology, 

Emeritus,  University  of  California,  Berkeley, 

CA  94720. 


Living  as  I  do  on  the  edge  of  Berkeley  and 
Tilden  Regional  Park,  exactly  where  a  wildfire  (I 
September  17,  1923j  burned  625  houses  and  other 
structures  in  two  hours,  and  seeing  the  fuels  o^\ 
this  area  as  they  exist  today,  I  am  very  aware 
and  scared  about  the  risk  and  danger  of  another jj 
but  more , severe  wildfire  in  the  same  area,  burnJ 
ing  under  conditions  of  low  h\imidity  and  winds 
of  60  miles  or  so  per  ho\ir.   Certainly  it  is  no 
too  soon  for  research  to  study  the  social  prob- 
lems involved  and  for  management  to  start  reduc^ 
ing  fire  hazards  in  the  Park  and  surrounding  ar is 
to  abate  the  probability  of  another  wildfire 
disaster. 

One  or  two  basics:   Lightning  strikes  are   ' 
natural  and  so  are  the  fires  they  start.   Recog 
nition  and  acceptance  of  this  fact  is  important 
to  an  understanding  of  fire  ecology.  Fires  hav 
always  burned  over  our  dry  landscapes  and  inevi - 
ably  they  will  continue  to  do  so.   Attempted  fi; 
exclusion  has  introduced  a  new  dimension  into  o: 
wildland  ecosystems.   What  are  we  forcing  upon 
our  natirral  environment  and  what  are  the  enviro- 
mental  impacts  and  consequences?  The  end  produb 
is  usually  a  severe  wildfire  bximing  in  heavy  ti- 
der  fuels.  In  fire  exclusion  activities  one  is 
working  pretty  much  against  nature;  in  doing  so 
the  natural  balance  is  being  upset.  Now  we  nee 
to  use  fire  wisely  and  begin  working  more  in  ha- 
mony  with,  and  not  so  much  against  nature,  Bot 
research  and  management  should  be  centered 
around  this  philosophy. 

The  symposium  did  not  include  enough  on  Medi 
terranean-type  forest  ecosystems.   It  will  be  ^ 
found  someday  that  prescribed  fires  can  be  man' 
most  useful  tool  in  timber  management.  Why  do 
research  and  management  continually  ignore  the 
use  of  fire  in  California's  forest-land  ecosys^ 
terns? 

On  the  whole,  the  symposium  was  very  good, 
need  more  conferences  of  this  sort. 


Question  from  the  audience:   Dr.  Biswell,  h( 
long  have  we  been  effectively  stopping  wildfire 
in  this  country,  now  compared  with  25  and  50 
years  ago? 

Answer  from  Biswell:  Perhaps  I  can  answer 
best  by  referring  to  forested  areas.  Some  50 
years  ago  fuels  in  natural  forests  were  at  a  1< 
level;  they  had  been  kept  down  by  naturally  re^ 
curring  low  intensity  fires  set  by  lightning  ax 
Indians,  At  that  time  fire  suppression  was  eai 
and  effective.  Twenty-five  years  ago  fuels  ha< 
increased  considerably  from  logging  operations 
Thickets  of  young  trees  began  to  grow  in  with 
the  logging  debris,  and  suppression  became  less 
effective.  At  present,  many  forests  are  tindei 
boxes,  full  of  debris  and  ladder  fuels.  Even 
with  all  kinds  of  equipment  and  manpower  for 
suppressing  fires,  those  burning  -under  conditi< 
of  low  humidity  and  strong  winds  are  nearly  iifl' 
possible  to  control  until  the  weather  changes  ( 
until  the  fires  run  into  less  flammable  fuels, 
run  out  of  fuels  altogether. 
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eview  Comments^ 


R.  Fuentes^ 


I  would    like    to  make    two   opening   observations: 

(1)    I   will   speak  as   a   biologist   and   as   a  con- 
•rned   citizen  of   a  developing   country   where  ever- 
een  shrublands    (chaparral/matorral)    are  an 
portant    resource.      (2)   Although   the   responsl- 
,  llty    for   these   comments    Is  mine,    they   were 
scussed   with   the  other  Chilean  participants   In 
is  meeting  and   are   thus   part   of   a  consensus 
ong   us . 

Whereas   there  are  many   striking   similarities 
tween   the   various   Mediterranean  ecosystems 
ound    the  world,    there  are  very   Important   dlffer- 
ces   In  soclocultural   aspects.      Thus,    whereas   the 
ology  satisfies  a  convergence  criterion   in  many 
"ses,    the  history   of  management,    the  history   of 
i fence,   and    the   alms  and    resources   of    the  people 
'labltlng   those   areas   do  not   converge.      People    In 
.^  various  Mediterranean  areas   seem   to   Impact 
>|fferent   requirements   on   their   ecosystems.      In 
irt,    these   differences   are  due   to   the   fact    that 

J  use   of    the  Mediterranean-type   ecosystems 
irublands,    from  man's    point   of   view.    Is   not 
iiependent    from   the   use   of   other   ecosystems. 
'is,    for  example,    the  California   chaparral    is  a 
livlly   subsidized   system   In   which   the   possible 
i:s  are  only   In   response    to   needs   of    city 
(illers:      water  management,    fires,    and   recre- 
lion.      The   Income   and    resources    required   by 
pple   Inhabiting   the  area   of    the   California 
iiparral    come    from   sources   other   than   the   chap- 
c  al  ecosystems.      This   situation   Is   most    likely 
I  be   different   just   across    the  Mexican   Inter- 
r  lonal    border.      There,    although   the   biology 
>i  la  probably  be   very   similar   to    the   one  we   see 
tie,    the   system  Is   much    less   subsidized   and 
:P'ple   have    to    live   out   of    what    the  Mediterranean 
« systems   can   supply   thera.      There,    uses   are   not 
8  much   associated    with    requirements   of    city 
d  Hers   as    to    people   actually    living    In    the 
Sublands.      The    situation  with   California    Indians 
Dht  have   been  similar   to   that    In  developing 
•c  ntrles. 

In  fact,    observing   across    the  various   Medlter- 
r ean-type   ecosystems,    there    Is   a   whole   spectrum 
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of  these  kinds  of  situations  In  which  California 
and  perhaps  South  Africa  are  at  one  extreme  and 
North  Africa,  Mexico,  and  Chile  are  closer  to  the 
other. 

In  central  Chile,  for  example,  the  matorral 
occurs  along  a  1000-mlle-wlde  altltudlnal  vege- 
tation belt  on  the  longitudinally  extended  Andes 
and  on  the  Coastal  Ranges.   The  central  valley 
between  these  mountain  ranges  Is  occupied  by  a 
savanna,  and  the  marine  terraces  along  the  coast 
were  occupied  by  a  mixture  of  evergreen  and 
drought-deciduous  shrublands.   Further  north, 
drought-deciduous  plants  dominate.   Towards  the 
south,  the  predominant  elements  are  evergreen 
forests. 

Chilean  evergreen  shrublands  are  thus  part  of 
wider  management  units  in  which  the  various  altl- 
tudlnal and  to  a  lesser  degree  latitudinal  vegeta- 
tion belts  offer  different  resources  and  Impose 
different  constraints.   Along  the  wider  valleys 
where  there  Is  Irrigation,  fruits  and  other  crops 
are  grown.   On  the  dry,  flat  areas,  the  main 
problem  now  is  grazing.   Fires  seem  not  to  have 
been  part  of  the  natural  situation  In  Chile. 

Historical  grazing  management  units  seem  to 
have  been  strips  of  land  that  would  allow  animals 
to  graze  at  low  elevations  during  the  winter  and 
early  spring,  and  the  high  altitude  grasses  during 
the  summer  and  early  fall.   Today,  this  Is  still 
largely  the  case,  although  a  more  sedentary  situa- 
tion also  holds.   In  both  cases,  however,  manage- 
ment questions  could  be  roughly  dichotomized  Into 
problems  In  the  dry,  flat  areas  and  those  on  the 
slopes. 

On  the  flatter  areas,  continuing  research  is 
dealing  with  substituting  the  existing  shrub  cover 
with  more  palatable  species  (I.e.,  Atrlplex  spp.). 
This  arrangement  should  provide  grasses  during  one 
part  of  the  year  with  the  shrubs  buffering  the 
animal's  requirement  when  the  grasses  are  dry. 
Animal  science,  management  of  plant  cover,  animal 
loads,  and  optimization  are  key  phrases.   A  poster 
was  presented  during  these  meetings  which  explains 
the  research  efforts  and  results  In  more  detail. 


By  contrast  on 
high  enough  so  tha 
managed .   Removal 
severe  soil  losses 
In  fact,  during  th 
the  removal  of  shr 
followed.   Here,  a 
where  the  poorest 
us  are  ecosystems 
and  fuel  extractlo 


the  slopes,  potential  erosion  Is 
t  only  animal  numbers  can  be 
of  the  shrub  cover  could  cause 
and  Is  no  longer  recommended, 
e  19th  and  early  20th  centuries, 
ubs  was  done  and  severe  erosion 
long  the  steeper  slopes  which  is 
people  live,  the  key  phrases  for 
resilience,  management  of  goats, 
n  for  domestic  purposes. 


Earlier  In  this  meeting,  J.  Slmonettl  and  I 
presented  some  results  concerning  the  possible 
devastating  consequences  of  the  Introduction  of 
goats  into  Chilean  shrublands.   We  even  posed  the 
question  that  eventually  goats  may  so  devastate 
the  vegetation  that  they  may  have  to  be  replaced 
as  a  source  of  Income. 
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however,  since  there  are  people  living  in  and 
out  of  the  Chilean  shrub  lands,  biological  con- 
siderations have  to  be  compromised  with  studies  of 
human  desires  and  needs.   Therefore,  as  it  is 
likely  to  be  the  case  in  other  Mediterranean 
ecosystem  regions,  biological  research  in  the 
Chilean  matorral  must  include  collaboration  from 
scientists  in  nonbiological  disciplines.   Thanks 
to  the  efforts  of  the  Man  and  the  Biosphere  (MAB) 
Program,  this  collaboration  is  occurring. 

I  do  not  need  to  refer  here  to  the  problems 
that  arise  when  this  kind  of  effort  must  be  imple- 
mented.  I  believe,  though,  that  symposia  such  as 
the  one  this  week  will  help  increase  the  under- 
standing between  people  working  in  various  disci- 
plines.  Meetings  should  include  not  only  biologi- 
cal and  physical  scientists  and  managers  but  also 
social  scientists. 


In  this  meeting,  as  well  as  in  a  previous  one 
held  in  Chile  about  10  months  ago,  I  found  that 
there  is  a  "gap"  between  managers  and  scientists 
This  should  decrease  in  the  future  and  instead  o 
being  a  drawback,  it  should  be  a  reason  for  more 
meetings  of  this  sort — international  and  diverse 
Particularly,  as  a  biologist  from  a  developing 
country,  I  think  there  is  need  for  true  integra- 
tion among  disciplines  in  which  the  biology  of 
human  use  is  studied  and  later  set  into  a  wider 
perspective  in  collaboration  with  researchers  fr 
other  disciplines.   Within  this  context,  the 
differences  between  Mediterranean  ecosystems  and 
the  aims  and  uses  people  make  of  them  could  actu 
ally  become  a  source  of  fruitful  comparisons  and 
inspiration  for  us  all. 
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leview  Comments^ 


iernon  C.  Bleich- 


I  When  I  was  first  asked  to  participate  in  a 
anel  discussion,  I  was  hesitant  to  do  so.   After 
areful  consideration,  I  consented  because  it 
resented  me  with  the  rare  opportunity  to  voice 
r   views  on  a  subject,  and  to  speak  those  views 
)  an  audience  which  might  be  influenced  by  them, 
le  panel  members  were  provided  with  brief  guide- 
Lnes  on  which  their  discussions  were  to  be  based. 
Lve  major  points  were  included,  but  I  have  elec- 
!d  to  emphasize  certain  ones,  and  mention  others 
ily  in  passing.   It  should  be  pointed  out  that 
lese  views  are  those  of  a  scientist  who  is  em- 
.oyed  as  a  manager,  and  they  may  therefore  be 
irticularly  pertinent  as  they  relate  to  interac- 
-ons  between  research  and  management  disciplines. 


tions  virtually  preclude  this  possibility,  and  one 
of  the  most  important  aspects  of  a  symposium,  the 
opportunity  for  discussion  and  instant  feedback, 
is  lessened  substantially. 

Throughout  the  week,  many  authors  made  outstand- 
ing presentations.   Clearly,  these  individuals  were 
not  only  competent  in  their  areas  of  expertise, 
but  they  were  familiar  with  their  subject  material 
and  used  excellent  graphics  to  accompany  their 
presentations.   In  contrast,  others  had  not  even 
taken  the  time  to  review  a  set  of  slides  to  make 
sure  that  they  were  arranged  properly.   Still 
others  used  material  of  such  poor  quality  that  its 
value  as  a  visual  aid  was  at  best  questionable. 
The  importance  of  presenting  high  quality  graphi- 
cal material  cannot  be  overemphasized  (Hooper, 
1974). 

All  of  us  put  untold  months,  if  not  years,  worth 
of  effort  into  most  traditional  publications  we 
prepare.   The  opportunity  for  immediate  feedback 
from  colleagues  does  not  occur  with  traditional 
publications  as  it  does  with  presentations  at 
symposia.   If  that  important  opportunity  is  to  be 
fully  realized,  we  must  all  make  the  effort  to 
stimulate  responses,  and  adequate  preparation  is 
the  primary  avenue  by  which  that  will  occur. 


During  this  discussion,  I  will  limit  my  remarks 
I  three  main  points:  (1)  the  quality  of  presenta- 
-ons;  (2)  the  observed  interactions  (and  lack 
lereof)  between  persons  affiliated  with  various 
sciplines ;  and  (3)  the  relevancy  of  what  was 
esented  here  to  application  in  the  "real  world," 
id  the  future  common  path  that  researchers  and 
nagers  must  take. 


INTERDISCIPLINARY  INTERACTION 

Now  the  Sirens  have  a  still  more 
fatal  weapon  than  their  song,  name- 
ly their  silence...  Someone  might 
possibly  have  escaped  from  their 
singing;  but  from  their  silence, 
certainly  never. 


ALITY  OF  PRESENTATIONS 

Much  effort  is  required  for  a  man  to 
learn  the  truth — but  it  is  twice  as 
difficult  for  him  to  make  it  known 
to  his  fellow  man. 

Plato 


Franz  Kafka,  Parables 

Throughout  this  Symposium,  observed  interaction 
between  disciplines  was  not  as  evident  as  I'd 
hoped  it  would  be.   This,  I'm  sure,  is  partly  hu- 
man nature,  but  also  is  partially  a  result  of  mutual 
avoidance  reactions  which  seem  to  persist.   At 
future  symposia,  it  is  necessary  that  this  appar- 
ent barrier  to  interaction  degenerate. 


During  this  Symposium,  I  attended  some  of  the 
nest  presentations  I  have  ever  heard;  converse- 
,  many  others  had  been  rather  poorly  prepared, 
mposia  are  designed  to  provide  an  open  communi- 
tion  of  ideas  by  the  speaker  and  a  ready  re- 
lOnse  by  the  audience.   Poorly  prepared  presenta- 


'■Presented  at  the  Symposium  on  Dynamics  and 
magement  of  Mediterranean- type  Ecosystems, 
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Associate  Wildlife  Biologist,  California 
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^  Tech,  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 


With  the  current  Administration,  there  likely 
will  be  a  decline  in  Government  funding  for  much 
research  that  previously  had  been  supported  by  the 
National  Science  Foundation  and  other  such  agencies. 
As  a  result,  I  anticipate  greater  interaction  be- 
tween university  affiliates  and  personnel  employed 
in  management  positions.   Managers  must  be  willing 
and  able  tocommunicate  their  needs  to  researchers, 
and  researchers  must  be  willing  to  provide  managers 
with  the  information  they  require.   I  suspect  that 
at  future  symposia  of  this  type  there  will  be  more 
interaction;  if  not,  these  words  have  been  wasted. 


THE  FUTURE 

Men  ought  to  know  that  in  the  theatre 
of  life  it  is  only  for  gods  and 


567 


angels  to  be  spectators. 

Francis  Bacon,  New  Atlantis 


Throughout  this  Symposium  we  were  exposed  to  a 
variety  of  papers  which  dealt  with  many  subjects, 
all  related  in  one  way  or  another  to  management 
or  research  in  Mediterranean-type  ecosystems. 
Some  of  these  papers  dealt  with  very  esoteric  re- 
search topics-  topics  that  have  relatively  little, 
if  any,  management  implication.   Others  did  an  ad- 
mirable job  of  integrating  with  management  impli- 
cations that  which  superficially  appeared  to  be 
esoteric. 

Our  colleagues  from  foreign  countries  appear 
to  be  at  the  forefront  of  conducting  management- 
oriented  research.   Ed  Fuentes  presented  an  ex- 
cellent example  of  applied  research  in  Chilean 
matorral,  as  did  Leonidas  Liacos  in  Greek  maquis . 
Although  some  Americans  presented  the  results  of 
management-oriented  research,  it  is  evident  that 
this  type  of  work  is  a  much  higher  priority  among 
our  foreign  colleagues. 

An  infinite  number  of  opportunities  exist  for 
us  to  broaden  the  scope  of  research  efforts,  but 
managers  must  be  willing  to  communicate  their  needs 
to  those  capable  of  supplying  the  answers,  and  those 
capable  of  supplying  the  answers  also  must  be  wil- 
ling to  do  so. 

One  thing  that  became  more  evident  as  the  Sym- 
posium progressed  is  that  all  of  the  participants 
are  partners,  and  we  must  be  willing  to  work  to- 
gether toward  a  concept  of  ecosystem  management. 
Our  Australian  colleagues,  as  evidenced  by  Syd 
Shea's  excellent  presentation,  have  adopted  that 
approach,  but  much  out  of  necessity  as  he  related. 
We  Americans  have  some  distance  to  go  toward  meet- 
ing that  objective. 

Sometime  ago,  Frank  Egler  (1974)  published  a 
review  of  a  book  entitled  If^  Deer  are  to  Survive. 
In  that  review,  Egler  said. 

There  is  a  huge  crevasse  that  sep- 
arates the  zoological  field  of  wild- 
life management  from  the  botanical 
field  of  wildlife  habitat  manage- 
ment.  Despite  the  fact  that  each 
field  is  greatly  dependent  on  the 
other,  each  marches  on  his  own  side, 
not  aware  that  they  should  do  more 
than  gaze  coyly  at  each  other  from 
a  distance. 
Evidence  presented  during  the  Symposium  suggests 
that  Egler 's  concerns  no  longer  are  as  appropriate 


as  they  once  were,  at  least  in  Mediterranean-typ 
ecosystems. 


Recently,  Michael  Soule  and  Bruce  Wilcox  (190 
edited  a  book.  Conservation  Biology,  which  poss: 
bly  is  the  most  important  work  in  the  field  of  ]- 
source  management  since  Aldo  Leopold's  classic. 
Game  Management.   In  the  opening  chapter,  Soule 
and  Wilcox  state. 

Unfortunately,  the  emergence  of  con- 
servation biology  as  a  respectable 
academic  discipline  has  been  slowed 
by  prejudice.   Until  recently,  few       ■  ., 
academically  oriented  biologists         |  .;, 
would  touch  the  subject.   While  wild- 
life management,  forestry,  and  re- 
source biologists  (particularly  in 
the  industrialized  temperate  countries)    ,[; 
struggled  to  buffer  the  most  grie-       |  ,j 
vous  or  economically  harmful  of  human 
impacts,  the  large  majority  of  their 
academic  colleagues  thought  the  sub- 
ject below  their  dignity.   But  aca- 
demic snobbery  is  no  longer  a  viable 
strategy,  if  it  ever  was.   Because 
many  habitats,  especially  tropical 
ones,  are  on  the  verge  of  total  ex- 
tinction, the  luxury  of  prejudice 
against  applied  science  is  unafford- 
able. 

Of  course,  most  Mediterranean- type  ecosystem!  <:t. 
have  not  yet  suffered  the  plight  of  many  tropic L 
ecosystems  (see  Whitmore,  1980);  improved  inter 
disciplinary  cooperation  hopefully  will  precludi  ..j^ 
that  possiblity.   Both  as  managers  and  researchrSjj,, 
we  must  work  toward  a  common  goal:  the  sound  an 
productive  management  of  the  world's  Mediterranm 
type  ecosystems. 
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'Review  Comments^ 


Ifoseph  R.  Agozino- 


As  program  designer  and  manager,  I  was  also 
looking  for  both  specific  information  and  con- 
ceptual models  for  structuring  management 
programs.   I  am  satisfied  that  both  of  the  above 
were  to  be  found  in  the  program.   I  must  state 
that  there  were  some  new  things  learned  and /or 
other  concepts  which  heretofore  had  been  sus- 
pected but  now  confirmed.   In  this  I  credit  our 
foreign  researchers /managers  with  some  truly  out- 
standing presentations. 


I  viewed  the  chaparral  symposium  from  the 
multiple  viewpoints  of  professional  ecologist, 
designer,  planner  and  practitioner  of  chaparral 
nanagement  programs,  as  well  as  private  citizen 
iilth   strong  environmental  viewpoint. 

From  this  multiple  perspective,  I  was  first 
gratified  that  the  symposium  accomplished  its 
stated  objectives  of  technology  transfer,  mutual 
interchange  and  heightened  awareness  of  chap- 
arral as  a  functional  ecosystem,  and  clearly  one 
^hich  is  little  understood  by  both  agency  per- 
sonnel and  the  public  as  well. 

I  felt  that  the  quality  of  the  presentations 
was  all  right,  but  there  is  room  for  innovation 
in  the  exposition  of  scientific  thought.   To  be 
more  specific,  I  felt  that  there  were  too  many 
graphs,  tables,  charts,  etc.,  to  assimilate  well 
in  the  short  presentation  time,  and  perhaps  the 
style  of  presentations  were  a  little  on  the 
stuffy  side. 

I  was  a  little  disturbed  by  the  dual 
session,  free  choice,  thematic  format  since  much 
bf  what  would  have  been  useful  information  for 
managers  had  to  compete  with  the  management 
'oriented  sessions.   I  think  this  should  be 
changed  in  future  symposia. 

The  ecosystem  theme  carried  through  the 
week's  sessions  with  some  memorable  presentations 
by  American  and  foreign  scientists  as  well. 
Notably  Richard  Vogl  dramatized  a  so  called 
"shock,  stagnation"  syndrome,  an  arrested  stage 
of  plant  succession  characterized  by  long 
term  dominance  of  weedy  annual  species.   Vogl 
'also  stressed  that  chaparral  systems  suffer  from 
many  abuses  associated  with  the  poor  public  image 
which  chaparral  has. 

Phillip  Rundel's  paper  dealing  with  succes- 
sion from  the  physiological  standpoint 
demonstrated  to  managers  that  basic  research 
ought  to  be  the  basis  for  conceptualizing  all 
management  schemes  in  chaparral  ecosystem. 


"■Presented  at  the  Symposium  on  Dynamics  and 
•lanagement  of  Mediterranean-type  Ecosystems, 
June  22-26,  1981,  San  Diego,  California. 

Resource  Ecologist,  Department  of  Parks  and 
Recreation,  Southern  Region,  State  of  California. 


I  think  that  this  must  be  highlighted  as  the 
best  feature  of  such  a  symposium,  which  is,  after 
all,  a  thought  expanding  process.   I  also  feel 
that  this  process  was  in  evidence  which  I  base 
on  the  many  conversations  with  delegates  before, 
during  and  after  the  sessions.   I  am  convinced 
that  I  did  hear  some  alteration  of  viewpoint  if 
not  attitude  about  mediterranean  ecosystems.   I 
believe  this  was  most  evident  among  managers, 
but  that  view  might  be  biased. 

I  am  guessing  that  de  facto  viewpoint  shifts 
resulted  mostly  from  both  gentle  remonstration, 
and  ominous  messages  issued  by  researchers  who 
collectively  seem  to  evince  the  feeling  that 
managers  lack  the  scope  and  breadth  of  under- 
standing about  ecological  processes,  as  well  as 
specific  data  relevant  to  those  same  processes. 
In  this  I  say  only  "let  the  chips  fall  where 
they  may".   I  personally  was  not  the  least  bit 
offended  by  this  subtly,  discernible  viewpoint. 
I  think  that  it  was,  after  all,  the  intent  of 
the  symposium  planners  to  create  a  favorable 
milieu  for  the  transfer  of  technology  and 
consciousness  raising.   I  feel  that  those 
objectives  were  actualized.   To  what  extent, 
only  the  future  will  tell. 

I  have  one  additional  observation  on  this 
point  and  then  I  will  pass  on  to  more  general- 
ized subject  matter.   I  come  away  from  the 
symposium  a  confirmed  believer  in  "experimental 
management"  a  term  coined  by  Austr   lian 
Scientist,  A.  M.  Gill,  in  his  Friday  presenta- 
tion.  This  concept  to  me  has  remained  a 
trancendent  theme  which  emerges  as  the  single 
most  important  new  direction  for  land  managers 
in  mediterranean  ecosystems.   Briefly  I  say 
this  because:   1.  Major  mediterranean  biotypes 
are  badly  depleted,  2.  This  results  from  the 
fact  that  mediterranean  biotypes  are  in  the 
path  of  major  adverse  social  forces,  3. 
Scientific  research  and  land  management  with- 
in mediterranean  systems  has  been  largely 
reactive  with  primary  emphasis  upon  facilita- 
ting the  socialization  process.   A.  Ecological 
research  in  mediterranean  systems  is  still  in 
its  infancy  and,  therefore,  has  not  been  a 
moderating  force  in  this  process.   5.   All  of 
this  boils  down  to  historic  and  current  manage- 
ment schemes  which  attempt  to  alter,  destabilize 
and  replace  major  components  of  the  mediterranean 
ecosystem.   In  short,  Pest  Control  emerges  as 
the  underlying  theme  of  land  management  within 
the  mediterranean  ecosystem. 


ien    Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
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Ejqserimental  management  seems  to  me  to  be 
not  only  the  way  to  reverse  old  practices,  but 
also  can  be  readily  integrated  into  existing 
management  as  a  means  for  assumption  testing  and 
evaluation  of  gross  impacts  to  ecological  systems 
which  result  from  our  management  schemes.   I  am 
heartily  in  favor  of  such  "experimental  manage- 
ment" which  is  nothing  more  than  a  scientifically 
credible  monitoring  process  which  helps  establish 
acceptable  management  practices  while  isolating 
others  which  are  unacceptable.   With  these 
observations,  let  me  pass  on  to  the  question  of 
future  symposia. 

What  of  symposia  planners  of  the  future? 
Their  job  will  be  to  reconcile  the  growing 
differences  between  two  great  power  bases  which 
now  operate  within  the  context  of  mediterranean 
ecosystems.   On  the  one  hand  are  those  forces 
mentioned  in  (3)  above,  the  purveyors  of  socio- 
politico  mandates  which  strive  to  develop  and 
utilize  ecosystem  resources.   Historically  that 
power  base  has  exerted  a  will  aimed  at  controll- 
ing natural  forces  -  taming  recalcitrant  nature, 
altering,  changing,  modifying  again  the  Pest 
Control  directive. 

On  the  other  hand  is  an  emerging  environ- 
mental ethic  embraced  by  both  citizen  and 
scientist  alike  which  tests  old  assumptions  and 
challenges  historic  premises  of  land  management. 

I  believe  that  future  planners  and  program 
designers  will  meet  their  greatest  challenge  in 
developing  an  integrative  approach  to  educating 
these  two  groups,   I  would  suggest  that  some 
balance  between  open  and  frank  discussion  and 
more  subtle,  less  direct  methods  will  meet  this 
need.   Perhaps  the  services  of  a  consulting 
psychologist  who  specializes  in  communication 
and  group  dynamics  is  worth  considering. 

All  of  this  is  to  say  firmly  that  I  be- 
lieve in  the  value  of  such  exchanges  and  I  would 
like  to  see  this  first  attempt  perpetuated.   I 
am  optimistic  that  persistent  efforts  will  be 
rewarded.   I  personally  hope  to  attend  the  next 
symposium. 


In  my  closing  statements  let  me  speak  as  a 
private  citizen  who  maintains  the  disquieting 
feeling  that  management  of  public  lands  today 
is  not  that  good.   Certainly  lands  held  by  the   i. 
private  sector  are  atrociously  managed.   Govern- 
ment does  not  seem  to  be  able  to  effect  much 
change  in  what  I  perceive  to  be  a  worsening 
picture.   I  feel  as  though  the  symposium  enhancec 
that  feeling  and  particularly  since  I  now  have  a 
new  awareness  about  the  problems  of  land  manage- 
ment in  foreign  fields. 

Certainly  this  situation  is  perpetuated  by 
the  very  bad  image  of  our  native  shrub  lands, 
the  primary  cover  type  in  mediterranean  systems. 
This  bad  image  results  primarily  from  those 
social  factors  outlined  above  which  speak  to 
the  high  habitation  potential  of  chaparral  lands 
and  the  pernicious  growth  habit  of  the  mediter- 
anean  shrub  complex,  which  unfortunately  also 
appears  to  be  rather  homogeneous  in  color, 
texture  and  distribution,  attributes  which  are 
sure  to  engender  in  some  feelings  of  dislike 
while  in  others  absolute  detestation. 

I  also  sense  that  there  exists  a  kind  of 
public  attitude  x  government  attitude  syndrome 
which  results  in  the  perpetuation  of  this  bad 
image  about  mediterranean  landscapes  with  their 
associated  drab  cover  types  and  unexciting 
faunal  habitats.   I  somehow  get  the  feeling 
that  what  we  would  really  like  to  do  with  these 
systems  is  completely  make  them  over  to  some- 
thing more  like  our  image  of  "what  they  should 
be",  which  is  mostly  different  from  what  they 
really  are. 

Is  it  too  much  to  ask  for  a  symposium 
like  this  one  to  strive  for  a  greater  feeling 
of  acceptance  for  this  natural  ecosystem  and  to 
somehow  effect  an  altered  state  of  consciousness 
about  these  lands  in  those  of  us  who  manage 
them?  As  a  private  citizen,  I  would  only  hope 
that  the  chief  aim  of  future  symposia  will  be 
to  achieve  this  most  exalted  objective  -  to 
understand,  to  acquiesce,  to  live  in  harmony 
with  our  natural  world.   If  those  who  attend 
such  symposia  do  not  do  this,  then  who  will? 
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Review  Comments^ 


iLeonard  A.  Newell" 


I  had  a  number  of  remarks  prepared  as  of  yesterday 
on  the  technical  aspects  of  this  symposium,  and 
then  something  came  up  which  made  me  throw  those 
out  and  take  a  different  tack  for  my  summary  today. 

I  think  that  we  all  have  been  enriched  by  the 
international  flavor  of  this  meeting.   We  have 
all  felt,  in  watching  the  presentations  by  people 
from  other  countries,  that  while  we  are  dealing 
with  different  species,  and  in  some  cases 
different  problems  entirely,  we  find  a  great  many 
lareas  where  our  interests  converge. 

This  international  communication  is  a  very 
valuable  thing.   The  proof  is  the  fact  that  every 
three  or  four  years  we  find  it  necessary  to  have 
one  of  these  symposia.   There  is,  however,  a 
need  to  communicate  on  a  more  frequent  basis,  and 
I  think  a  lot  of  us  feel  that  there  are  too  few 
mechanisms  for  doing  so. 

One  of  the  keynote  speakers  of  this  symposium 
suggested  a  Mediterranean  Ecosystems  Institute 
as  a  possible  way  of  helping  this  international 
communication.   Dr.  Oechel  thought  a  great  deal 
about  this  idea,  and  came  to  me  yesterday  to 
suggest  that  we  have  a  discussion  on  the 
International  Institute  idea  with  the  international 
visitors.   The  occasion  would  be  the  dinner  that 
was  given  by  San  Diego  State  University  for  the 
international  guests  last  night. 

International  matters  are  something  we  can  not 
just  charge  into;  there  are  a  lot  of  things  that 
ought  to  be  prepared  for,  and  we  hadn't  much 
time.   I'm  afraid  we  didn't  prepare  as  well  as 
we  wanted  to;  for  instance,  we  didn't  have 
interpreters  or  advance  announcement  of  the 
meeting.   Perhaps  some  of  the  guests  felt  like 
throwing  us  out  of  the  room  at  times  last  night 
because  we  let  them  have  a  very  nice  dinner,  get 
relaxed  and  then  sprung  this  heavy  discussion  on 
them.   Yet  we  thought  that  the  International 
Institute  was  really  an  idea  worth  following,  to 
see  what  the  attitudes  of  the  visitors  were 
concerning  this  proposal. 


The  things  that  came  out  are  very  interesting, 
and  I  would  like  to  report  them  to  you.   First 
we  examined  the  question:   is  there  a  need  for 
such  a  thing?   There  were  several  needs  that 
were  identified  and  that  we  generally  agreed  on. 
One  of  the  strongest  areas  of  agreement  was  in 
the  area  of  student  exchange:  students  from  one 
part  of  the  world  going  to  another  part  of  the 
world  to  study,  under  auspices  and  with  the 
support  of  such  an  institute.   We  do  not  seem  to 
have  much  of  that  interchange  taking  place  now. 

A  second  item  that  occurred  very  notably  in  the 
discussion  was  the  fact  that  we  do  not  have  a  good 
way  of  translating  things  from  one  language  to 
another.   A  translation  service  could  serve  the 
international  community  very  well  by  taking 
papers  from  one  language  and  distributing  them  to 
people  who  can  read  them  in  another.   The  general 
idea  of  dissemination  of  information  seemed  to 
receive  a  good  deal  of  support. 

A  third  area  that  came  up  from  several  of  the 
people  who  commented  was  the  need  for  a  journal 
or  a  newsletter  on  what  is  happening  in  the  field 
of  mediterranean  ecosystems.   Abstracts  could  be 
published.   At  present,  it  is  possible  that  some- 
one could  publish  a  paper  that  another  interested 
person  in  another  part  of  the  world  would  not 
find  for  five  years  or  so.   Such  an  institute 
could  get  this  paper  much  more  quickly  into  the 
hands  of  the  people  who  are  in  need  of  it. 

A  final  area  of  discussion  as  to  what  we  need  was 
the  idea  of  more  frequent  face-to-face  communi- 
cation.  Is  there  a  way,  with  tele-conferencing 
and  other  kinds  of  methods,  that  small  groups  of 
people  can  get  together,  without  spending  days 
on  airplanes  and  thousands  of  dollars  on  motels 
and  other  expenses,  to  exchange  ideas  from  various 
parts  of  the  world?   These  things  are  now 
possible  with  communication  satellites.   The 
information  could  keep  flowing. 

The  other  major  topics  discussed  last  night  were 
the  things  that  should  be  done  before  charging 
into  setting  up  an  institute.   We  heard  that 
people  from  the  European  Countries  in  particular 
were  very  skeptical  about  new  institutes;  they 
have  seen  a  great  many  efforts  get  underway, 
including  lUFRO,  MAB  and  other  programs  of  the 
United  Nations.   These  existing  programs  and 
institutes  have  been  organized  to  deal  with  some 
of  the  needs  we  have.   The  cautions  that  we  heard 
last  night  were:   don't  rebuild  the  wheel;  have 
a  look  at  these  existing  organizations:  can  they 
accommodate  our  needs,  and  if  not,  can  they  be 
adjusted  to  accommodate  these  needs? 
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A  second  suggestion  was  to  establish  a  small 
permanent  committee  or  board  of  directors  (one 
person  used  the  term  "secretariat")  to  investi- 
gate the  need  for  an  institute.   Publishing  a 
simple  newsletter,  it  was  suggested,  might  be 
enough  at  this  stage  to  let  people  chew  on  these 
ideas  and  see  what  comes  back  from  them.   This 
was  brought  up  particularly  in  connection  with 
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the  1984  Symposium  in  Perth,  Australia,  which 
Dr.  Specht  mentioned  earlier,  as  a  way  of 
helping  people  organize  these  international 
meetings.   A  newsletter  would  aid  in  getting 
the  information  passed  around  and  in  achieving 
good  attendance  at  that  symposium. 

Finally,  it  was  someone's  very  astute  observation 
that  we  have  to  explore  the  aspect  of  internation- 
al funding,  both  private  and  public,  because  of 
course  we're  not  going  to  be  committed  to 
anything  that  we  don't  ourselves  support.   Thus, 
if  it  were  funded  solely  out  of  California,  the 
international  community  would  not  have  a  very 
strong  sense  of  ownership  in  it.   This  is 
another  area  that  has  to  be  investigated. 


To  conclude,  the  information  that  we  received 
last  night  will  be  assembled  in  written  form. 
Walt  Oechel  and  Gene  Conrad  are  going  to  write 
a  letter  which  appears  to  represent  the  sense  of 
last  night's  discussion,  and  it  will  be 
circulated.   We  will  continue  the  dialogue  on 
the  idea  of  an  International  Institute  on 
Mediterranean  Ecosystems,  to  see  if  there  are 
some  needs  that  could  be  met  in  such  a  way,  or 
perhaps  in  some  other  way. 

Perhaps  as  a  result  of  such  efforts,  the  next 
meetings  that  we  have  will  be  even  more  success- 
ful than  this  one.   On  behalf  of  Doctors  Conrad 
and  Oechel,  I  thank  all  of  you  who  took  part 
in  the  discussions  and  contributed  your  valuable 
thoughts . 
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eview  Comments^ 


obert  Chandler 


My  summary  will  be  from  a  what  I  think  is  a 
ery  different  perspective  since  I  have  lived  in 
outhern  California  only  two  and  a  half  years.   I 
ransferred  to  Los  Angeles  to  set  up  our  newest 
ational  recreation  area  in  the  Santa  Monica 
Duntains.   My  introduction  to  a  mediterranean 
cosystem  was  right  after  the  Agoura  fire  that 
urned  some  26  thousand  acres  in  Mallbu,  and  the 
andeville  Canyon  fire  which  occurred  at  the 
ame  time.   I  remember  looking  at  those  charred 
ills  and  saying  to  myself,  "My  God,  what  have  I 
otten  into?"   It  was  not  long  before  those  same 
Ills  were  ablaze  with  wildflowers  and  new 
rowth.   It  was  the  beginning  of  a  fascinating 
jarning  experience.   I  was  at  once  impressed 
Lth  the  resilience  and  diversity  of  a  mediterra- 
ean  ecosystem  and  I  felt  a  tremendous  need  to 
:celerate  my  learning.   This  symposium  has  cer- 
ainly  been  a  continuation  of  my  education  in 
lis  special  area. 

The  focus  of  this  summary  then,  is  from  the 
tandpoint  of  putting  together  a  national  recrea- 
Lon  area  in  a  mediterranean  ecosystem  in  the  Los 
igeles  megalopolis.   I  am  looking  at  the  indica- 
3rs  that  are  present  here  that  may  apply  to 
Lmilar  ecosystems  in  this  country,  and  perhaps  in 
:her  parts  of  the  world  as  well.   We  need  to  have 
Lir  antennae  out  to  sense  what  is  happening  in 
lese  ecosystems  as  a  result  of  mass  urbanization, 
lis  will  give  us  insight  into  the  issues  many  of 
3,  both  scientists  and  managers,  will  face  in  the 
Jture  as  the  migration  to  these  areas  continues, 
insider,  for  example,  the  Southern  California 
iin  belt.   It  is  attracting  a  tremendous  number 
t  people,  businesses,  and  industries  because  it 
5  a  great  place  to  live  and  work.   The  housing 
idustry  continues  to  grow  rapidly  in  spite  of 
le  economy,  and  vast  areas  are  being  converted 
ito  subdivisions.   We  must  understand  the  impact 
L  this  continual  urban  growth  on  the  ecosystem, 
id,  conversely,  how  the  system  affects  those 
iving  in  it.   From  ray  perspective,  this  urban/ 
Lldland  interface  is  the  area  which  needs 
icreased  attention  by  researchers  and  managers, 
would  like  to  see  more  emphasis  in  the  future 
1  the  people  as  a  part  of  these  systems.   One  of 
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the  things  that  would  have  been  useful  at  this 
symposium  would  be  a  look  at  how  people  live  and 
recreate  within  mediterranean  ecosystems. 

Relating  to  the  focus  on  people,  there  is  a 
tremendous  need  for  better  educational  methods  so 
people  begin  to  understand  in  common  terms  the 
dynamics  and  importance  of  mediterranean  eco- 
systems.  From  what  I  have  heard  here  it  appears 
that  in  some  areas  scientists  are  working  extreme- 
ly well  with  managers  in  applying  the  increased 
knowledge  to  better  manage  the  resource.   However, 
I  am  concerned  about  how  much  of  this  good  work  is 
passed  on  to  the  public  at  large  as  information. 
I  think  it's  principally  the  role  of  the  managers 
to  make  sure  that  such  information  is  shared  with 
the  public  in  an  understandable  form.   We  are  all 
facing  a  time  where  budgets  are  not  going  to  pro- 
vide for  a  lot  of  publications.   The  major  publi- 
cations that  are  produced  are  technical  papers 
which  are  useful  but  miss  the  mark  in  reaching 
average  people  living  in  these  areas.   We  should 
be  looking  for  new  ways  to  communicate  this  infor- 
mation.  Our  public  information  staffs  need  to  be 
more  involved  in  getting  the  word  out.   Also,  in 
relation  to  the  need  to  look  more  closely  at  the 
urban/wildland  interface,  I  would  recommend  that 
future  symposiums  include  more  land  use  planners, 
economists,  sociologists,  etc.   I  realize  that 
time  is  a  problem  but  this  could  be  handled 
through  a  workshop  format  during  part  of  the  week. 

There  was  an  underlying  focus  on  fire  this 
week,  and  I  think  it's  appropriate  from  what  I 
understand  of  the  progress  in  this  area  in  terms 
of  the  application  of  research.   Perhaps  the  next 
session  will  not  need  to  be  as  heavily  weighted  in 
this  area. 

I  would  like  to  see  more  consideration  of  the 
esthetic  qualities  of  mediterranean  ecosystems. 
Millions  of  people  come  to  places  that  are  medi- 
terranean ecosystems  for  recreation.   The  more  the 
ecosystems  are  understood  and  appreciated,  the 
more  they  will  be  seen  as  very  special  resources 
rather  than  just  brush.   Too  few  people  see  or 
understand  the  complex  beauty  of  these  dynamic 
biotic  systems.   Maybe  this  is  not  appropriate 
for  a  scientific/management  symposium,  but  if  we 
are  going  to  reach  the  people  that  will  ultimately 
determine  the  kind  of  support  and  funding  for 
these  important  programs  then  we  must  give  our 
attention  to  how  these  ecosystems  are  perceived. 
The  more  people  understand  the  ecosystems,  the 
more  they  will  support  research  and  the  management 
programs  we  have  been  talking  about  this  week. 
I'm  not  sure  how  that  gets  incorporated  into  this 
kind  of  symposium,  but  to  understand  something 
about  the  special  nature  of  this  resource  is 
something  that  needs  to  be  communicated  to  the 
public  at  large. 

The  people  that  I  have  worked  with  for  a  very 
short  time  in  the  Santa  Monica  Mountains  really 
get  turned  on  when  they  begin  to  understand  the 
mountain  resources.   I  believe  these  newcomers  to 
mediterranean  ecosystems  are  hungry  to  understand 
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those  systems.   When  you  give  them  a  little  bit, 
they  begin  to  appreciate  the  subtleties  of  chapar- 
ral and  it's  amazing  to  see  how  the  desire  for 
knowledge  grows  as  they  reach  out  for  more. 

There  is  also  a  need  to  consider  the  coastal 
marine  resource  as  part  of  the  mediterranean 
ecosystem  where  appropriate.   Too  often  in  plan- 
ning for  the  Santa  Monica  Mountains  we  tend  to 
stop  at  the  Pacific  Coast  Highway,  or  it  may  be  at 
the  beach,  without  looking  at  the  relationship  to 
the  marine  offshore  resource.   The  link  between 
the  near  shore  resources  and  the  coastal  uplands 
is  too  often  neglected.   Remote  sensing  tech- 
niques could  be  helpful  to  better  understand  water 
quality  and  coastal  resources. 

One  of  the  values  of  these  kinds  of  conferences 
is  that  we  can  "shop  the  competition"  and  take  a 
look  at  who's  doing  what  where.   I  hope  that  fu- 


ture conferences  attract  more  managers.   Looking 
at  what  is  happening  in  similar  areas  should  pro 
vide  a  great  stimulus  to  our  resource  management 
systems.   It  is  a  kind  of  healthy  competition  th: 
really  pays  off.   I  heard  a  discussion  yesterday 
between  two  managers  arguing  about  who  had  the 
biggest  chaparral.   That's  good  stuff  and  maybe 
next  year  the  two  will  be  discussing  who  has  the 
best  burn  program  or  the  best  management  program 
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aguna-Morena  Demonstration  Area:  A 
/lultiagency  Chaparral  Management  Project^ 

'homas  C.  White,  Gary  L.  Larsen,  and  Kim  K.  Bergstrom^ 


Abstract:   The  disastrous  Laguna  Fire  of  1970 
caused  government  agencies  and  officials  to  rec- 
ognize the  need  for  comprehensive  vegetation  man- 
agement programs  designed  to  reduce  the  potential 
for  large  wildfires.   In  response  the  Laguna-Morena 
Demonstration  Area  was  organized.   The  Demonstra- 
tion Area  represents  ten  federal ,  state  and  local 
agencies  and  private  landowners  seeking  to  demon- 
strate the  newest  available  chaparral  management 
tools  and  techniques.   Projects  focus  on  those 
techniques  which  have  wide  applicability  to  others 
facing  similar  vegetation  management  decisions. 


Chaparral  is  a  resource  which  requires  unique 
anagement  strategies  and  can  provide  many  multi- 
esource  benefits.   Historically,  however,  chap- 
rral  has  often  been  thought  of  as  valueless  or 
imply  as  a  carrier  of  destructive  fires.   In  the 
ast,  society  has  attempted  to  gain  complete  con- 
rol  over  these  fires  through  prevention  and 
oppression  without  realizing  that  fire  can  only 
e  delayed,  not  eliminated.   Fire  plays  a  funda- 
ental  role  in  the  functioning  of  chaparral  eco- 
ystems.   Long  term  management  must  acknowledge 
he  importance  of  fire  as  the  climax  event  in 
haparral  plant  communities. 

These  philosophies  are  beginning  to  be  inte- 
rated  into  the  direction  and  policies  of  land 
anagement  agencies  concerned  with  chaparral, 
he  following  quote  from  the  Forest  Service,  USDA, 
raft  Regional  Plan  for  the  Pacific  Southwest 
egion,  indicates  Forest  Service  perspective  re- 
arding  chaparral  management  activities. 

Management  activities  over  the  past 
80  years  in  California  chaparral 
have  been  focused  primarily  on  pro- 
tection from  burning.   This  long 
term  protection  has  resulted  in  ex- 
tensive areas  of  decadent  brush  that 
is  highly  flammable  and  virtually 
impenetrable  to  wildlife,  livestock, 
and  man.   Protection  from  burning 
has  proven  not  to  be  a  realistic 
means  of  preventing  large  conflag- 
rations.  The  present  rate  of  fuel- 
break  construction  and  prescribed 
burning  has  not  been  able  to  reduce 
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fuel  loadings  to  the  extent  neces- 
sary to  reduce  sizes  of  wildfires. 

Chaparral  lands  have  capabilities 
for  producing  several  multi-resource 
benefits  that  are  now  being  realized 
below  their  potential.  .  An  increase 
in  vegetation  management  activities 
to  eliminate  decadent  chaparral 
stands  will  provide  increases  in 
water  yield,  decreases  in  flood 
flows  and  sediment  yields,  improved 
wildlife  habitat,  reduced  fuel  avail- 
able for  extensive  wildfires  and  in- 
creased forage  for  livestock.^ 

This  quote  suggests  the  need  for  an  active  man- 
agement program  on  the  20  million  acres  of  chap- 
arral and  related  vegetation  types  in  California 
(Table  1) .   Both  the  Forest  Service  and  the  State 
of  California  are  presently  developing  plans  and 
programs  to  protect  watersheds  and  communities 
from  the  threat  of  wildfire  and  associated  floods 
while  increasing  the  other  benefits  received  from 
the  chaparral  lands. 


Table  1--  Areas  of  chaparral  and  related  vegeta- 
tion types  in  California.-'- 


Acres 

Hectares 

Chaparral 

9,866,000 

3,994,000 

Great  Basin  Sagebrush 

5,021,000 

2,053,000 

Coastal  Sagebrush 

2,249,000 

911,000 

(Soft  Chaparral) 

Woodlands  (Hardwoods) 

2,457,000 

995,000 

Total 

19,643,000 

7,953,000 

-"-Wies lander,  A.E.;  Jensen,  Herbert  A.   Forest 
areas,  timber  volumes  and  vegetation  types  in 
California.   Berkeley,  Calif.:   Pacific  Southwest 
Forest  and  Range  Exp.  Stn.,  Forest  Service,  U.S. 
Dep.  Agric:   1946,  Forest  Survey  Release  No.  4 


3Draft  Regional  Plan,  Pacific  Southwest  Region. 
Forest  Service,  U.S.  Dep.  Agric,  San  Francisco* 
Calif.  1981. 
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The  Laguna-Morena  Demonstration  Area  is  at  the 
forefront  in  demonstrating  large-scale  comprehen- 
sive chaparral  management.   Much  of  what  is  being 
accomplished  on  this  130,000  acre  (52,000  hectare) 
proving  ground  will  aid  vegetation  managers  around 
the  world  in  developing  strategies  for  managing 
this  unique  resource. 


THE  LAGUNA-MORENA  DEMONSTRATION  AREA 

The  Laguna-Morena  Demonstration  Area  is  the 
result  of  one  of  the  broadest  based  efforts  ever 
to  focus  on  land  management  problems  in  Califor- 
nia.  It  began  with  the  disastrous  1970  Laguna 
Fire  which  claimed  six  lives,  destroyed  382  homes 
and  1,200  structures,  burned  176,000  acres  in  36 
hours,  and  stopped  at  the  front  door  of  San  Diego. 
A  task  force  of  federal,  state,  county  and  city 
agencies,  the  University  of  California,  private 
citizens  and  various  associations  was  appointed 
by  Governor  Reagan  to  recommend  actions  for  re- 
ducing the  threat  of  wildfire.   One  of  the  rec- 
ommendations was  to  begin  a  cooperative  program 
to  demonstrate  and  develop  fuel  management 
techniques  on  a  large  scale  basis,  resulting  in 
the  establishment  of  the  Laguna-Morena  Demonstra- 
tion Area. 

Six  major  goals  were  identified  for  the  Demon- 
stration Area: 

Reduce  the  catastrophic  potential  of  wildfire 

Provide  a  forum  for  all  who  have  an  interest 
in  wildland  fuel  management 

Demonstrate  chaparral  management  techniques 

Monitor  environmental  impacts  of  large  scale 
chaparral  management 

Develop  widely  applicable  guidelines  for 
chaparral  management 

Develop  and  test  new  techniques  for  chaparral 
management. 

One  of  the  initial  challenges  facing  the 
Laguna-Morena  Demonstration  Area  was  the  effec- 
tive integration  of  vegetation  management  pro- 
grams of  several  agencies  and  private  landowners. 
Widely  divergent  management  goals  and  philosophies 
and  complex  land  ownership  patterns  caused  an 
acute  need  for  cooperative  planning.   After  three 
years  of  work  by  ten  federal,  state  and  local 
agencies  the  Laguna-Morena  Demonstration  Area 
Coordinated  Resource  Plan,  Managing  Chaparral 


was  signed  in  March  of  1980. 


Managing  Chaparral:   Management  plan  and  en- 
vironmental analysis,  Laguna-Morena  Demonstration 
Area.   On  file,  Descanso  Ranger  District,  Cleve- 
land National  Forest,  Forest  Service,  U.S.  Dep. 
Agric,  Alpine,  Calif.  1979 
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The  plan  details  a  complex  combination  of  in 
tegrated  resource  and  fire  management  strategie 
and  outlines  a  range  of  activities  to  take  plac 
in  the  200  square  mile  (520  square  kilometer) 
Demonstration  Area  over  the  next  15  years.   Al 
though  the  fire  problem  was  the  driving  force  b  js 
hind  the  establishment  of  the  Demonstration  Are  dil 
the  goal  of  integrated  resource  management  is  n  itt 
simply  to  limit  the  number  and  size  of  fires. 
It  is  also  important  to  minimize  social  losses 
and  to  maximize  benefits  by  emphasizing  variousBies 
combinations  of  fire  supression,  fire  preventic 
land  use  planning,  and  fuel  management  tools  su 
as  prescribed  burning. 
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Physical  and  Biological  Setting 

The  130,000  acres  (52,000  hectares)  of  the 
Demonstration  Area  lie  in  eastern  San  Diego 
County  in  the  Laguna  Mountains ,  the  northern  er 
of  the  Peninsular  Mountain  Range  which  extends 
into  Baja  California  (Figure  1)  .  Elevations  irjMtat 
the  Demonstration  Area  range  from  3000  to  over  jta 
6000  feet.   To  the  east  the  land  drops  off  shai  Ity 

the: 


to  the  Colorado  Desert. 

Climate  in  the  Demonstration  Area  is  classif 
as  warm-summer  to  cool-summer  Mediterranean, 
erage  annual  temperatures  range  from  5  30F  (120( 
to  61°F  (16°C)  and  average  annual  precipitatior 
from  15-30  inches  (380-760mm) .  Most  of  the  raj 
fall  occurs  between  October  and  April  with  an 


M 
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Figure  1 — Location  of  Laguna-Morena  Demonstrat,  Bjt 
Area  in  California  and  in  San  Diego  County. 
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lasional  thunderstorm  in  the  late  summer  months 
riner  and  Pryde  1976) . 

Each  fall  and  winter  high  pressure  systems  to 
!  north-east  produce  the  infamous  Santa  Ana 
ids  throughout  southern  California.   During  the 
rst  periods  these  hot,  dry  winds  can  exceed  60 
.es  per  hour  (100  kilometers  per  hour) .   Large 
I  difficult  to  control  wildfires  often  result 
im  these  Santa  Ana  winds . 

Vegetation  in  Laguna-Morena  Demonstration  Area 
iges  from  soft  chaparral  at  the  lower  eleva- 
ins  (California  sagebrush- Artemisa  californica, 
te  sage-Salvia  apiana,  and  California  buckwheat - 
.ogonum  fasciculatum)  to  oak  and  pine-oak  wood- 
ids  over  5000  feet  (black  oak-Quercus  Kelloggi 
1  Jeffrey  pine-Pinus  Jeffrei) .   Most  of  the 
lonstration  Area  is  covered  with  various  chap- 
■al  communities  including  the  following  species: 
mise  (Adenostoma  fasciculatum) ,  ceanothus 
:anothus  greggii  and  Ceanothus  palmeri) ,  scrub 
.  (Que reus  dumosa) ,  and  birchleaf  mountain  ma- 
any  (Cerocarpus  betuloides) .   Most  changes  in 
station  communities  result  from  variations  in 
iperature ,  available  water  and  nutrients,  and 
,1  type.  The  most  significant  factors  influenc- 

these  variables  are  elevation,  aspect  and 
ilogy . 

Chaparral  soils  in  eastern  San  Diego  County 

generally  formed  from  granitic,  dioritic,  and 
broic  rocks  of  the  Southern  California  Bath- 
th  (Griner  and  Pryde  1976)  .   These  rocks  give 
e  to  coarse  textured,  weakly  developed  soils 
h  low  water  and  nutrient  storage  capacity. 
;e  areas  of  schist  are  also  found  at  higher 
vations  and  usually  indicate  a  less  fertile 
1.   Deep  soils  formed  in  the  valleys  and  near 
arian  areas  are  usually  residual  rather  than 
ositional  formations.   Live  oak  woodlands  are 
en  associated  with  these  pockets  of  deep  soil. 

The  range  of  vegetation  communities  found  in 
Demonstration  Area  provide  a  variety  of  re- 
rce  values.   These  include  recreation  oppor- 
ities ,  diverse  wildlife  habitats,  livestock 
age ,  watershed  protection  which  minimizes 
sion  and  inhances  water  quality,  and  scenic 
tas  that  change  with  the  seasons .   In  addition 
the  six  overall  goals,  management  of  the  Demon- 
ation  Area  attempts  to  maintain  and  enhance 
se  significant  resources. 


IVITIES  OF  THE  LAGUNA-MORENA  DEMONSTRATION 
A 


Reduce  the  Catastrophic  Potential  of  Wildfire 

The  general  vegetation  management  strategy  for 
fuels  within  the  Laguna-Morena  Demonstration  Area 
involves  breaking  up  large  continuous  stands  of 
old  growth  chaparral  and  developing  a  mosaic  pat- 
tern of  different  vegetation  ages.   By  maintaining 
portions  of  chaparral  in  young  vigorous  growth 
stages  the  chance  for  a  large  wildfire  is  greatly 
reduced.   By  reducing  the  amount  of  fuel  available, 
a  wildfire  will  burn  with  lower  intensity  and  will 
be  easier  to  control.   This  strategy  will  not  elim- 
inate wildfires,  although  it  can  greatly  reduce 
their  potential  for  destruction. 

In  implementing  projects,  prescribed  burning 
will  be  the  major  management  tool.   Ten  thousand 
acres  (4050  hectares)  of  existing  fuelbreaks, 
along  with  roads  and  natural  features  including 
variations  in  plant  communities,  will  act  as  con- 
trol lines  for  large  prescribed  burns.   In  treat- 
ing various  plant  communities  differences  in  fire 
frequencies  will  be  considered.   Frequencies  which 
will  maintain  existing  communities  range  from 
approximately  10-50  years.  For  example,  chamise 
chaparral  appears  to  be  adapted  to  a  15-20  year 
burning  cycle  while  the  scrub  oak-mountain  mahogany 
community  may  be  adapted  to  a  frequency  of  at 
least  40  years.   The  Tecate  cypress  has  a  50-100 
year  fire  cycle.    On  the  north  slope  of  Guatay 
Mountain  in  the  Demonstration  Area  stands  of  cy- 
press have  not  burned  for  over  90  years.   Physical 
characteristics  including  high  water  holding  capa- 
city of  the  soil  and  the  north  aspect,  seem  to 
have  protected  the  site  from  fire. 


Provide  a  Forum  For  All  Who  Have  An  Interest  In 
Wildland  Fuel  Management 

The  Demonstration  Area  has  drawn  together  many 
agencies  and  individuals  with  an  interest  in  veg- 
etation management.   Ten  agencies  with  land  or 
program  management  responsibilities  comprise  the 
Laguna-Morena  Demonstration  Area:   Forest  Service- 
United  States  Department  of  Agriculture,  California 
Department  of  Forestry,  Soil  Conservation  Service, 
Bureau  of  Land  Management,  Bureau  of  Indian  Affairs, 
California  Department  of  Parks  and  Recreation, 
California  Department  of  Fish  and  Game,  University 
of  California  Cooperative  Agricultural  Extension, 
County  of  San  Diego,  Greater  Mountain  Empire  Re- 
source Conservation  District.   Three  owners  of 
large  ranches  are  actively  involved  in  program 
planning  while  other  landowners  participate  in  in- 
dividual projects. 


Activities  on  the  Demonstration  Area  range 
scope  and  complexity  from  the  use  of  vegetation 
agement  tools  such  as  the  brush  rake  to  scien- 
ic  tools  such  as  a  computerized  geographic- 
ed  information  system.   Many  of  these  activities 
moving  the  Demonstration  Area  toward  accomp- 
hment  of  the  six  major  goals.   Following  is 
ummary  of  some  acitivities  as  they  relate  to 
se  goals. 


^Zedler,  Paul  H.   Life  history  attributes  of 
plants  and  the  fire  cycle :   A  case  study  in  chap- 
arral dominated  by  Cypressus  fordesii.   Paper  pre- 
sented at  the  Symposium  on  Environmental   Conse- 
quences of  Fire  and  Fuel  Management  in  Mediterran- 
ean Ecosystems.   1977  August  1-5;  Palo  Alto,  Calif. 
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The  Demonstration  Area  also  provides  opportun- 
ities for  students,  researchers,  and  the  public 
to  contribute  ideas  and  gain  knowledge  relating 
to  chaparral  management.   Since  1978,  over  one 
thousand  people  with  professional  interest  in 
chaparral  have  toured  the  Demonstration  Area. 
Eleven  student  interns  have  been  involved  in  a 
variety  of  projects  including  wildlife  monitoring, 
studying  the  effects  of  fire  on  plant  succession, 
vegetation  classification  mapping  and  wood  densi- 
fication  studies.   In  addition,  field  research 
studies  have  been  conducted  on  the  Demonstration 
Area  by  the  Chaparral  Research  and  Development 
Program  of  the  Pacific  Southwest  Forest  and  Range 
Experiment  Station. 

The  development  of  effective  interagency  co- 
operation has  resulted  from  bringing  together 
many  interested  people  with  various  perspectives 
on  fuel  management.   Broad  scale  coordinated  re- 
source planning  has  evolved  through  several 
phases  as  shown  in  figure  2.   Initial  contacts 
and  communication  networks  were  established 
through  cooperation  on  interagency  projects.   In- 
dividual agency  goals,  philosophies,  and  guide- 
lines were  molded  into  project  objectives  that 
provided  mutual  benefits. 

During  the  second  phase  of  cooperation  an  over- 
all philosophy  for  chaparral  management  was  de- 
veloped.  The  Laguna-Morena  Demonstration  Area 
Coordinated  Resource  Plan  establishes  these  long- 
term  goals,  principles',  and  strategies. 

The  final  phase  of  cooperation  involves  ongoing 
project  planning  and  implementation.   Each  agency 
or  landowner  with  an  interest  in  a  given  project 
coordinate  their  efforts  based  on  agency  objec- 
tives and  the  goals  developed  in  phase  two.   Co- 
operation provides  several  benefits  for  each  par- 
ticipating agency.   By  sharing  resources  project 
costs  can  be  significantly  reduced.   Projects 
can  be  completed  with  greater  ease  and  fewer 
problems  if  natural  rather  than  agency  boundaries 
are  utilized.   And  finally,  by  pooling  profess- 
ional knowledge  and  experience  higher  quality, 
more  comprehensive  planning  and  implementation 
results.   This  type  of  cooperation  is  necessary 
for  successful  comprehensive  vegetation 
management . 


Demonstrate  Chaparral  Management  Techniques 

One  of  the  important  functions  of  the  Demon- 
stration Area  is  to  provide  a  place  where  land 
managers  and  the  public  can  see  on-the-ground 
chaparral  management  techniques  in  one  area.   The 
first  three  years  emphasized  resource  planning 
and  project  implementation  using  a  wide  range  of 
techniques.   At  the  Buckman  Demonstration  Project 
sample  plots  demonstrate  various  mechanical,  hand, 
and  prescribed  fire  treatments.   This  area  offers 
side  by  side  comparison  of  a  range  of  chaparral 
management  methods.   More  extensive  treatments 
can  be  seen  on  projects  taking  place  throughout 
the  Demonstration  Area. 
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A  second  aspect  of  demonstration  involves 
making  activities  more  visible  to  the  public,  p: 
fessionals,  academia,  and  other  resource  manage 
Currently,  the  Demonstration  Area  is  emphasizini 
the  transfer  of  information  to  these  groups  thr 
several  types  of  media.   Tours  are  avialable  to 
any  interested  group  or  individual.   Hundreds  w 
tour  the  Demonstration  Area  this  year.   Slide-t, 
programs,  brochures,  a  self -guided  auto  tour,  t 
nical  reports,  and  poster  displays  are  being  de 
veloped  for  various  audiences  on  many  topics. 
Those  involved  with  these  projects  expect  them 
be  useful  to  others  facing  similar  vegetation 
management  decisions. 


Monitor  Environmental  Impacts  of  Large  Scale 
Chaparral  Management 

Monitoring  is  being  conducted  at  various  in- 
tensities for  all  major  projects  on  the  Demonst 
tion  Area.   Attainment  of  objectives  and  projec 
costs  are  monitored  for  each  project.   Some  pro 
jects  undergo  more  intense  types  of  monitoring 
For  example,  effects  of  fire  on  deer  and  bird 
populations  have  been  studied.   Forage  product! 
and  erosion  rates  have  also  been  examined  on  pi 
following  a  fire.   The  Riverside  Fire  Lab,  Paci 
Southwest  Forest  and  Range  Experiment  Station  h 
monitored  fire  effects  on  projects  such  as  the 
Kitchen  Creek  Prescribed  Burn  Project.   Finally 
overall  program  direction  will  be  evaluated  on 
yearly  basis  in  an  annual  report. 


Develop  Widely  Applicable  Guidelines  For  Chapar 


Management 

The  field  of  chaparral  management  is  in  its 
fancy  especially  with  regard  to  development  of 
specific  management  guidelines.  Most  chaparral 
management  projects  have  occured  on  a  more  or  1 
random  basis  with  little  broad  level  direction. 
A  chaparral  compartment  examination  and  analysi 
process  developed  on  the  Laguna-Morena  Demonstr 
tion  Area  will  provide  some  of  this  direction. 

A  compartment  ranges  in  size  from  500  to  10 
acres  (240-4050  hectares)  and  is  based  on  watei 
shed  boundaries.   Within  a  compartment  smaller 
units  are  identified  which  describe  relatively 
homogeneous  units  of  land  based  on  soil  type,  \ 
etation,  and  slope.   These  units  serve  to  give 
managers  a  rapid  "feel"  for  the  land  and  provic 
a  system  of  easy  access  to  a  wide  range  of  site 
specific  data. 

During  a  compartment  examination  informatior 
assembled  in  a  computer,  resource  units  defined 
and  management  goals  and  objectives  identified. 
Inventory  of  each  compartment  will  occur  every 
10  years  with  a  resulting  package  of  project  pi 
posals.  During  planning  for  an  individual  pro- 
ject, actions  are  identified  to  meet  objectives 
already  outlined  during  the  compartment  examin 
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It  is  likely  that  this  process  will  be  applied 
on  a  broad  scale  throughout  California.   The  Dem- 
onstration Area  has  been  instrumental  in  inte- 
grating the  examination  process  into  the  Cleveland 
National  Forest  Land  Management  Plan  and  will 
assist  in  its  development  in  the  Pacific  South- 
west Region  of  the  Forest  Service. 


Develop  and  Test  New  Techniques  For  Chaparral 
Management 

The  Demonstration  Area  is  a  proving  ground  for 
the  application  of  new  techniques  in  chaparral 
management.   Some  of  the  most  notable  techniques 
include  the  helitorch,  use  of  goats  for  fuel- 
break  maintenance ,  and  the  use  of  chaparral  as 
a  wood  fuel  product  in  the  form  of  densified 
pellets. 

The  helitorch  is  a  thirty  gallon  drum  of  gelled 
gasoline  slung  beneath  a  helicopter.   The  gelled 
fuel  is  released  from  the  drum  and  ignited  as  it 
falls  to  the  ground.   The  helitorch  provides  a 
number  of  advantages  over  traditional  burning 
methods  including  greater  flexibility  in  fir- 
ing patterns,  prescription  ranges,  size  of  burn 
unit,  and  accessibility. 

Browsing  by  goats  has  been  demonstrated  as  an 
alternative  to  traditional  methods  of  fuelbreak 
maintenance.   Goats  cause  fewer  environmental 
effects  than  chemical  or  mechanical  methods,  are 
an  alternative  to  the  unpopular  use  of  herbicides, 
and  provide  a  product  in  the  form  of  meat  and 
hides.   The  feasibility  of  using  goats  on  a 
large  scale  still  presents  problems  due  to  the 
large  initial  investment  required  to  purchase 
the  goats.   Improved  market  conditions  and 
better  knowledge  of  goat  husbandry  could  make 
this  a  more  valuable  tool. 

The  California  Department  of  Forestry  in  co- 
operation with  the  Forest  Service  is  beginning  a 


wood  energy  demonstration  program.   Hand  harvest.! 
chaparral  from  fuelbreaks  and  other  treatment 
areas  will  be  chipped  and  pressed  into  a  wood 
product  for  use  in  fireplaces,  wood  stoves  or 
campfires.   An  initial  study-^  shows  that  only 
17  percent  of  the  potential  energy  will  be  used 
in  the  harvest  and  densif ication  process.  Howevej 
the  economic  feasibility  of  the  project  is  not 
currently  attractive.   Increasing  fuel  costs  cov 
alter  this  in  the  future . 


FUTURE  DIRECTION  OF  CHAPARRAL  MANAGEMENT 


The  Coordinated  Resource  Plan,  Managing  Chap' 


^Riley,  John  G.;  Moini,  Samad;  Miles,  John  A. 
An  engineering  study  of  the  harvesting  and  densi- 
f ication  of  chaparral  for  fuel.   Davis,  Calif.: 
Department  of  Agricultural  Engineering,  Univ. 
of  Calif.  1980. 


arral ,  identifies  the  overall  objectives  and 
direction  for  the  Demonstration  Area  until  1992 
Identification  of  specific  projects  and  demonstjj 

tions  to  accomplish  the  objectives  will  occur 
more  frequently.   For  example,  an  Action  Plan  fc 
Demonstration  for  fiscal  years  1981-1982  lists 
31  demonstrations  to  be  completed  during  those 
years.   Informal  and  ongoing  evaluation  of  accorj 
lishments  and  direction  will  occur  in  annual  re 
ports ,  monitoring  reports ,  yearly  Coordinating 
Group  meetings ,  and  during  compartment  examina- 
tions and  project  planning. 

By  1990  all  of  the  Demonstration  Area  will  b^ 
under  active  management.   Each  compartment  will 
have  been  inventoried  and  management  activities 
implemented  to  maintain  age  class  mosaics.   The 
demonstration  of  integrated  and  coordinated  re- 
source management  on  chaparral  lands  is  not  in- 
tended to  end  with  the  activities  taking  place 
on  the  Laguna-Morena  Demonstration  Area.   The 
tools  and  techniques  developed  here  such  as  co- 
ordinated resource  planning,  chaparral  manage- 
ment tools  like  the  helitorch,  and  the  compart- 
ment examination  process,  can  be  applied  on  all 
chaparral  lands  and  related  vegetation  types 
throughout  the  Nation  and  the  World. 


LITERATURE  CITED 


Griner,  Lee  E.;  Pryde ,  Philip  R.   Climate,  Soil, 
and  Vegetation.   In:   Pryde,  Philip  R. ,  ed. 
San  Diego :   An  Introduction  to  the  Region. 
Debuque ,  Iowa:   Kendall,  Hunt  Publishing 
Company;  1976:   29-46. 
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Conceptual  View  of  the  Development  of 
editerranean-Type  Ecosystems  in  Europe^ 


Duhme  and  T.  M.  Hinckley- 


While  we  were  working  on  the  water  economy  of 
■ees  and  shrubs  in  the  Macchia  of  Southern 
irkey,  Province  Antalya,  we  recieved  an  impres- 
.on  of  the  basic  constraints  for  an  overall 
ivelopment  of  this  landscape.   Because  of  the 
lort  duration  of  our  stay  in  Turkey  (3  1-month 
iriods,  October-November  1978,  April-May  1979 
id  July-August  1979)  and  because  of  budgetary 
.mitations,  we  were  unable  to  undertake  a  compre- 
ssive research  effort  on  an  ecosystem  level, 
lerefore,  important  biological  aspects  such  as 
itrient  cycling  and  socio-biological  aspects  such 
;  urbanization  trends,  rural  land  use,  etc.  were 
it  studied.   So  our  contribution  at  this  confer- 
ice  is  based  almost  entirely  on  personal 
ipressions  of  the  environment  as  an  entity,  while 
iing  convinced  that  a  better  knowledge  of  the 
Iter  economy  of  Macchia  plants  is  at  the  moment 
\   minor  importance  for  the  people  living  in  this 
losystem. 

The  Mediterranean  in  North  Africa,  Southern 
irope  and  parts  of  the  Near  East  is  very  much 
-fferent  from  all  other  mediterranean-type  eco- 
'stems  of  the  world  in  some  major  respects: 

-  It  has  by  far  the  longest  history  of  very 
intense  human  use. 


-  There  are  strong  conflicts  between  land 
managing  agencies  such  as  forest  and 
national  park  managers  and  local  citizens 
because  land  is  removed  from  the  private- 
individual-community  sector  and  placed  in 
the  public  sector. 

Major  development  trends  in  these  countries  do 
not  meet  the  needs  of  the  people  living  in  the 
rural  Macchia  environment.   These  trends  include, 
to  name  but  a  few: 

-  Further  urbanization  with  major  social 
changes  occurring  in  both  rural  and  urban 
environments. 

-  Unwise  development  of  tourism,  thereby 
steepening  and  making  gradients  of  income 
and  social  behavior  increasingly  signifi- 
cant . 

-  The  use  of  high  technology-energy 
intensive  developments  such  as  road 
construction,  export  crops  and  timber 
production  which  consume  badly  needed 
foreign  money,  reduce  local  employment 
and  increase  the  dominance  of  foreign 
goods. 

In  summary,  these  developments  bring  "western" 
ideas  without  appreciating  the  needs,  existing 
skills  and  available  resources.   We,  as  ecologists, 
claim  a  holistic  view  of  our  discipline  and, 
therefore,  should  be  involved  in  these  problems. 
In  fact,  we  seem  entirely  bound  to  academics  and 
offer  little  help  or  insight.   We  erroneously  hope 
and  feel  that  other  people  are  responsible  for  the 
transfer  of  our  scientific  knowledge  to  such 
special  problems. 


It  is  still  an  area  of  underdeveloped 
countries  with  millions  of  people  depend- 
ing on  this  vegetation  type  more  or  less 
directly  for  their  entire  livelihood. 

There  are  very  strong  social,  religious 
and  economic  dichotomies. 

Much  of  this  land  is  an  interface  between 
semi-nomadic  and  subsistence  farmers  with 
their  associated  values  and  the  tourist 
and  associated  tourist  industries. 

There  are  substantial  gradients  in  income 
and  standards  of  living. 
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Today,  ecological  thought  regarding  Macchia 
vegetation  is  still  bound  to  the  idea  of  degrada- 
tion from  a  much  more  desirable  climax  situation. 
Most  people  even  tend  to  make  the  goat  a  classical 
symbol  of  this  degradation.   One  might  just  as 
appropriately  take  another  view. 

The  Macchia  is  an  amazing,  genetically  diverse 
resource  which  at  least  partly  originated  through 
"disturbance"  by  man.   This  human-induced  environ- 
mental stress  definitely  was  and  still  is  a 
driving  force  in  the  evolution  of  this  ecosystem 
during  the  last  10,000  years.   We  have  to  bear  in 
mind  that  disturbance  by  man  was  and  is  a  major 
agent  in  such  high  species  diversity  and  site 
heterogenity.   Man  himself  probably  should  be 
looked  upon  as  living  more  or  less  in  harmony  with 
this  environment  except  perhaps  during  times  of 
major  social  shifts.   Therefore,  the  Macchia  as  a 
whole  should  be  regarded  as  a  system  in  equilib- 
rium for  long  intervals.   Although  we  do  not 
presently  know  the  role  of  Pinus  brutia  under 
premanagement  conditions,  we  can  assume  that 
plantations  of  Pinus  brutia  on  former  Macchia 
landscape  represent  a  possible  major  biotic 
degeneration  and  an  apparent  social  alternation. 


'■  Tech.  Rep.  PSW-58.  Berkeley.  CA;  Pacific  Southwest  Forest  and  Range 
leriment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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What  we  want  to  point  out  is  not  a  new  philoso- 
phy in  dealing  with  man-landscape-ecosystem 
interactions,  but  perhaps  a  different  focus  for 
ecologists  and  land  managers  dealing  with 
mediterranean  ecosystems.   We  would  encourage  them 
to  view  the  problem  in  a  different  way,  focusing 
on  people  as  well  as  on  the  environment. 

If  we  took  such  an  approach,  the  first  conclu- 
sion would  be  a  reevaluation  of  existing  resources 
and,  as  a  consequence,  the  development  of  new 
management  concepts  for  Macchia  vegetation  types. 
The  next  conclusion  would  be  a  translation  of 
successional  studies  on  heavily  disturbed  sites 
into  practical  reclamation  work. 

Regarding  the  people,  there  is  a  very  strong 
need  for  alternative  strategies.   One  possible 
strategy  involves  more  labor-based  concepts  such 
as  those  championed  by  the  International  Labour 
Office  in  Geneva,  Switzerland.   This  may  apply  to 
road  construction,  handicrafts  and  other  activi- 


ties.  This  low  energy,  low  investment  concept 
will  lead  to  a  new  evaluation  of  labor  and  might 
change  the  balance  of  an  underdeveloped  country  i 
the  long  run. 

Developing  more  diverse  concepts  for 
afforestation  could  be  another  objective  for 
future  development.   We  think  especially  of  affor 
estations  with  indigenous  Macchia  shrubs  and  tree 
serving  for  hardwood,  firewood  and  browsing 
material  if  properly  managed.   Here  the  scientifi 
work  on  the  water  economy  of  plants  could  be  of 
some  practical  importance. 

The  development  of  tourism  should  first  respec 
the  physical  constraints  of  the  environment. 
Second,  we  need  to  know  possible  schemes  for 
coupling  touristic  interests  with  the  problems  of 
the  region.   Tourism  in  itself  may  not  solve 
economic  or  social  problems.   It  may  have  a  posi- 
tive impact  on  some  economical  aspects,  but  may 
also  cause  more  problems  in  the  long  run. 
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iomass  Response  of  Chamise  {Adenostoma 
isciculatum  H  &  A)  Chaparral  to  Clipping^ 


leodore  E.  Adams,  Jr.,  and  Walter  L.  Graves'' 


Chamise  is  often  the  dominant  species  of 
lifornia  chaparral,   and  it  crown  sprouts  vigor- 
sly  after  tops  are  removed  by   fire  or  other 
ans.     To  determine  the  effect  of  top  removal 
chamise  as  a  possible  fuel   management  tech- 
que,   two  spring  clipping  treatments  were 
plied  to  3-year-old  regrowth  in  a  chamise  stand 
covering  from  wildfire  in  San  Diego  County, 
ipping  the  50-cm-high   resprouts  to  a  height  of 
.5  cm  for  4  successive  years,   1974-1977,   con- 
ituted  treatment  one.     Clipping  once  to  this 
ight  in  1974  was  the  second  treatment. 

Winter- season  dry-weight  standing  biomass, 
eluding  four  replications  of  treated  and  con- 
ol   plots   (3  m  X  6  m)   organized  in  a  randomized 
mplete  block  design, was  measured  4  years  begin- 
ng  in  1975.     All   plot  aboveground  biomass  was 
vided  into  three  components:   chamise  above  and 
low  30.5  cm,  and  other  herbaceous  and  subshrub 
omass. 

The  effect  of  clipping  on  chamise  became 
parent  in  1977.     Chamise  biomass   in  1977  and 
78  was  significantly  less  in  plots  clipped  re- 
atedly   (Fig.   1).     However,   as  an  apparent 
suit  of  the  reduction  of  apical    dominance,   bio- 
ss  of  chamise  below  the  clipping  height  was 
gnificantly  greater   (Fig.  2).     Clipping  once 
1974  had  no  lasting  effect   (Fig.   1,  3). 

The  herbaceous  and  subshrub  component,   which 
eluded  grasses,   forbs,   subshrubs  and  residue 
om  spring  clipping  in  treated  plots,    showed  no 
gnificant  difference  among  treatments  within 
ars.     By  the  end  of  the  study  in  1978,   when 
is  component  was  included  with  chamise,   total 
omass  in  plots  clipped  repeatedly  was  signifi- 
ntly  less  compared  with  undipped  plots   (Fig. 


The  results   suggest  annual    spring  top   removal 
3-year-old  chamise  resprouts  does  not  suppress 
owth  of  the  shrub  and  companion  vegetation 
fficiently  to  justify  this  as  a  fuel   manage- 
nt  technique. 
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Figure  1--Chamise  aboveground  standing  biomass 
in  winter. 
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Figure  2--Chamise  aboveground  standing  biomass 
in  winter  below  30.5  cm. 
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Figure  3--Total    aboveground  standing   biomass   in 
winter. 


Control :    • 
Clipped  once:  O 
Clipped   repeatedly:   A 


Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
Timem  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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Postfire  Recovery  of  Chamise  Chaparral  in 
Sequoia  National  Park,  California^ 

Gail  A.  Baker,  Philip  W.  Rundel,  and  David  J.  Parsons^ 


Chamise  (Adenostoma  fasclculatum)  recovers 
after  a  fire  by  resprouting  from  root  crowns  and 
establishing  seedlings.   Growth  in  chamise  is 
largely  determined  by  the  seasonal  patterns  of 
its  physiological  condition.  Therefore  the  season 
of  burning  may  affect  root-crown  survival  and 
resprout  growth  rates.  The  following  study  examines 
the  effects  of  a  fall  and  spring  burn  on  root-crown 
survival  and  seedling  establishment. 

Field  studies  were  carried  out  in  the  foothills 
of  Sequoia  National  Park  (Tulare  County,  California) 
in  old-growth  chamise  chaparral.   Experimental 
manipulations  consisted  of  paired  burn  and  clip 
treatments  during  November  1979   and  June  1980. 
An  unmanipulated  control  stand  was  monitored 
throughout  the  study.   Dimensional  analysis 
techniques  were  used  to  estimate  pre-and  post- 
burn  biomass  of  shrubs. 

Our  data  suggest  that  spring  treatments  induce 
considerably  higher  levels  of  shrub  mortality  than 
do  fall  treatments  (fig.  1).   This  differential 
pattern  of  survival  is  related  to  the  annual  cycle 
of  growth  reserves  in  chamise.   At  the  end  of  the 
spring  growing  season,  root  reserves  of  carbo- 
hydrates are  depleted  and  may  not  be  sufficient 
to  ensure  resprouting.   Fall  treatments  do  not 
cause  this  type  of  mortality  since  carbohydrate 
translocation  to  the  root  crown  over  the  summer 
months  allows  a  recharge  of  stored  reserves. 

In  addition  to  the  seasonal  difference  of  root- 
crown  survival  there  is  a  significant  difference 
in  survivorship  between  spring  burn  and  clip 
treatments  that  was  not  present  in  the  fall.   Ue 
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Figure  1 — Percent  of  resprouting  chamise  root 
crowns  following  seasonal  treatments.  Numbers 
in  parentheses  indicate  shrub  sample  size. 


hypothesize  that  this  differential  pattern  is 
related  to  the  behavior  of  fire  in  the  two  seaso 
Fall  fires  burn  intensely  and  move  quickly  throu 
the  stand.  Higher  fuel  moisture  contents  in  spr 
mean  that  increased  pre-heating  times  are  necess'y 
before  combustion  can  take  place.  The  slower  sp'id 
of  spring  fires  causes  a  greater  depth  of  soil  ! 
heating  to  occur  and  this  appears  to  be  the  caus 
of  the  differential  spring  treatment  mortality. 

Pre-burn  biomass  of  individual  shrubs  is  a 
determinant  of  root-crown  survival  and  post-burn 
growth  rate.   High  mortality  occurred  in  shrubs  [ 
of  the  spring  treatments  whose  pre-burn  biomass  } 
was  1-5  kg.   These  smaller  shrubs  with 
hypothetically  smaller  carbohydrate  reserves  havi 
a  lower  probability  of  surviving  defoliation. 
Resprout  biomass  of  surviving  crowns  at  the  end 
of  the  first  season  following  fire  is  positivelyjj 
correlated  with  pre-burn  biomass  (r  =  0.60, 
y  =  16.8(x)  +  126.9). 

The  lack  of  fire-induced  mortality  of  our 
fall  burn  indicates  that  pre-burn  shrub  density 
maintained, leaving  little  potential  for  seedling 
establishment.   In  the  spring  burn  with  less  thai 
50  percent  survival,  establishment  and  successfu- 
growth  of  seedlings  is  of  critical  importance 
if  succession  is  to  restore  prefire  density. 
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Gen.  Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Rs'e 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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The  Algarve  is  a  very  well  differentiated 
ovince  of  Portugal.  Its  singularity  aones  from 
s  geology,  geomorphology  and  climate.  In  the 
.garve,  we  find  six  ecological  districts:  l)the 
luthem  (Algarvian)  Coast;  2)  the  Western 
tlantic)  Coast;  3)  the  "Barrocal";  4)  the 
garvian  Highlands  ("Serra");  5)  Monchique 
luntain;  and  6)  the  Eastern  Plateau. 

The  main  vegetation  units  found  in  the  Algarve 
e  Pinev\ODds  (P.  pinaster   and  P.    pinea)  ;   Acacia 
odlands  [A.   pycnantha) ;  Eucalyptus  woodlands 
'.  globulus)  ;  cork  oak  woodlands  {Q.    suber)   with 
xav^Derry  trees  [Arbutus  unedo)  ;  cork  oak 
odlants  with  cistus  (C.  landanifer);    strawberry 
ee  woodlands;  "  Barrocal"  (shrub  layer  formed 
'  holm  oak,  Q.   rotundi foliar,   or  carob  tree, 
ratonia  stliqua;   cistus  formations;  Calluna 
Igaris   and  Erica  australis   formations;  mountain 
ngelands  [Pteridium  aquilinwn   and  Festusca 
pla) ;  vegetation  of  stabilized  dunes  {Juniperus 
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phoeniaa   and  Genista  hirsuta) ;  vegetation  of 

mobile  dunes  (Polygonum  maritimum,   Maloomia 
littorea,    Lotus  oretiaus);   cliff  vegetation; 
saltraarshes . 

This  vegetation  has  been  influenced  by  several 
peoples  that  have  colonized  the  Algarve.  The 
introduction  of  new  plants  (the  fig  tree, 
presumed  to  have  been  introduced  by  the 
Phoenicians;  the  chestnut  by  the  Remans  C.  200  BQ 
the  olive  tree  by  the  Visigoths;  the  carob  tree, 
almond  tree,  lemon  tree,  orange  tree,  rice,  cottcn 
and  Triticum  durum   by  the  Arabs),  the  intensifi- 
cation of  cereal  crops  (Romans,  Arabs,  Portugues^' 
irrigation,  grazing,  afforestation,  the  rights 
given  by  the  kings  to  the  local  peoples,  and  more 
recently  the  development  of  tourism  have  each  had 
a  certain  iirpact  upon  the  Algarve 's  vegetation. 

Rare  and  endangered  plants  in  the  AJLgarve  can 
be  grouped  as  follows: 

Very  rare  and  endangered  plants:  Asplenium 
petrarchae,   Loeflingia  tavaresiana,   Mathiola 
parviflora,    Tuberaria  major,    Erodium   laainiatum. 
Astragalus  sesameus,   Pinguicula   lusitaniaa, 
Orobanohe   triohocalyx,   Seneoio   lopezii, 
Hyacinthoides  vicentina,    Bellevallia  haokelii, 
Avena  hackelli. 

Rare  and  endangered  plants:  Quercus  canariensis, 
Querous  x  marianica,    Quercus  faginea,    Silene 
rothmaleri,    Iberis  sampaiana.    Ilex  aquifolium. 
Rhododendron  ponticum  subsp.   haetioum,   Llnaria 
algarviana,   Linaria  saturoides ,   Merendera  fili- 
folia.   Narcissus  willkormii ,   Narcissus  gaditana, 
Biarum  galiani. 

Plants  which  are  rare  but  v^ose  potential  for 
extirpation  is  apparently  low  at  present: 
Aristolochia  baetica,   Biscutella  vicentina, 
Diplotaxis  vicentina,    Ulex  argenteus     subsp. 
erinaceus.   Astragalus  massiliensis,   Convolvulos 
siculus,    Trisetaria  dufourei. 

Plants  of  limited  distribution  or  uncertain 
status:  Silene  rothmaleri,   Asteriscus  maritirms, 
Scilla  odorata,   Hyacinthoides  non-scripta,   Stipa 
tenacissima. 
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The  Impact  of  Human  Activities  on  the  Fauna 
of  the  Algarve^ 

Luis  S.  Barreto  and  Liicio  do  Rosario" 


By  Mediterranean  standards  the  Algarve  is 
still  very  well  preserved.  In  this  region  we  can 
find  14  anphibians,  23  reptiles,  181  species  of 
avian  fauna  and  13  iTHinnHls. 

There  are  eight  main  wildlife  habitats  in  the 
region:  1)  humid  zones:   with  7  anphibians,  4 
reptiles,  87  species  of  avian  fauna  and  4 
maimels;  2)  cliff  coast:    23  species  of  avian 
fauna  and  3  mammals;  3)  watersheds:    6  anphibians, 
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3  reptiles,  27  avian  species  and  9  manmals;  4) 
mountains:    6  anphibians,  14  reptiles,  63  avian 
species  and  11  itHinmals;  5)  eastern  plateau:    2      j 
anphibians,  5  reptiles,  51  avian  species  and  6 
mammals;  6)  western  coast:    9  anphibians,  8 
reptiles,  64  avian  species  and  7  mamrals;  7) 
coastal  plain:    9  anphibians;  13  reptiles,  73  avJn 
species  and  7  marartals;  8)  beaches:    13  avian 
species . 

Man's  inpact  on  the  faijna  of  the  Algarve 
changes  with  the  habitats.  Among  the  most 
disruptive  actions  one  can  cite  land  developmei' 
for  dwellings  and  tourist  resorts  (especially  ner 
the  coastline) ;  destruction  of  vegetation  in  orcr 
to  bring    land  under  cultivation;  afforestat:n 

with  exotic  trees  and  pines;  degradation  of  corl 
oak  woodlands;  recreational  canping  (especially 
near  the  coastline) ;  coincidence  of  the  hunting 
season  with  the  tourist  season  which  leads  to  a 
very  nigh  concentration  of  hunters  in  the  regis; 
use  of  poisons  and  explosives  in  the  streams; 
sand  quarries;  large  dams. 

The  endangered  species  of  the  Alaarye  are: 
Chamaleon  chamaleon,   Porphyrio  porphyria,    FuliaT 
cristata,   Padion  haliaetus,   Aquila  heliaaa 
(adalberti) ,   Lynx  pardina. 

The  Algarve  is  also  an  inportant  stopover 
along  the  routes  of  migratory  species. 
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fluence  of  Prescribed  Burning  on  Small 
ammals  in  Cuyamaca  Rancho  State  Park, 
ilifornia^ 


niel  J.  Blankenship- 


This    study   evaluated   the    responses   of  small 
nmal  populations    to   disturbance   or   depletion   of 
jetation    following  prescription  burns    of  April 
-30,    1978   and   December    3    and   4,    19  79.       Results 
»  based  on    5430    trap  nights. 

The   areas    of   study    consisted   of  mixed   conifer 
jdland  with    a   chaparral   understory   in   most 
ices.      The    result   of   the    fire   was    a   reduction    in 
rubs    (trees   not   affected)    of  9  3   percent    for   the 
member    1979   bum   and   91  percent    for   the   April 
78  bum,   based   on   evaluation    3  months    and    1   year 
ter   the    fire    respectively. 

The  abundance  of  small  mammals  was  reduced  (p  < 
I)  in  the  April  1978  burn  as  well  as  in  the  Dec- 
3er   1979   burn  when    compared  with    controls    (Table 

Figure    1) .    The    species    composition   did  not   dif- 
r  significantly    (p>.05)    in    the  burned   areas 
;n  compared  with    the    controls    (Table    2) .      The 
ninunity   did  not   show   the    regular  pattern    of 
jtfire   succession    (brush   species    to   grassland 
>cies)    that    is    usually   expected   since   the    vege- 
tion  had  not  been   completely    altered  by    the 


3le    1 — Small  mammal   abundance    for   Control    (C) 
i  Experimental    (E)    study   sites   Al   on   East  Mesa 
3  Bl-3   on   Cuyamaca   Peak    Road. 
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Figure    1 — Graph    showing   relative    abundance   of 
animals    for   each   month    during  the    trapping  period 
of   December   19  79-December   1980   on   East  Mesa   study 
site. 


light    fire    that    is   present   under   prescribed  burn- 
ing  conditions.      Consequently,    very    little   damage 
results    to   the   mammalian    community   structure   when 
a   carefully    controlled    fire   is    used.      There  was   no 
significant   difference    (p>.05)    in  weight   or  sex 
ratios    in    the   bum    areas   when    compared  with    a   con- 
trol. 


Table    2 — Percent   composition   based   on    total   cap- 
tures   (N)    of   small   mammals    in   study   sites    Al   on 
East  Mesa  and  Bl-3   on   Cuyamaca  Peak   Road.      c=Con- 
trol ,    E=Experimental. 
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4otal   =   Trapping   Success    and   Recapture    Success, 
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The  quantity  of  litter  on   the    forest   floor  was 
found  to  be   an   important   factor  in  maintaining 
maximum  density   in   a  population  of  mammals.      In 
one   study   site    (April    19  78)    where    the   density    and 
composition   of   the    vegetation   did   not   differ    from 
the   control,   there  was   still   a  reduction   in   the 
abundance   of  small  mammals.      This   indicates    that 
the    reduction   could  possibly  be   attributed  to  the 
loss    of   litter   and   ground   cover   in    the   burn   plots. 
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Soil  Resources  and  ORV  Use  Planning  in 
Southern  California  National  Forests^ 


Robert  Blecker,  James  O'Hare,  Tom  Ryan,  and  Jeff 
Specter- 


National  Forests  are  mandated  by  law  to  develop 
land  management  plans  according  to  specific  rules 
and  regulations  (36  DFR  Part  219,  September  17, 
1979).   The  regulations  dictate  that  areas  and 
trails  will  be  classified  according  to  whether  or 
not  off-road  vehicle  (ORV)  use  will  be  allowed. 
The  four  Southern  California  National  Forests 
are  in  the  planning  process  now. 

The  Forest  Service  must  also  respond  to 
Executive  Orders  (E.O.)  11664,  "Use  of  Off-Road 
Vehicles  on  the  Public  Lands"  (2/8/72)  and  E.O. 
11989,  "Off-Road  Vehicles  on  Public  Lands"  (5/24/ 
77).   These  two  E.O.'s  require  positive  action  on 
the  part  of  the  Forest  Service  in  the  management 
of  ORV's  on  public  lands. 

The  Los  Padres  National  Forest  (LPNF)  has  de- 
veloped an  ORV  plan  to  meet  the  objectives  of  land 
management  planning  and  Executive  Orders.   The 
Forest  has  signed  and  designated  trails  suitable 
for  ORV  use,  closed  and  rehabilitated  all  hill- 
climbs  and  trails  unsuitable  for  ORV  use,  and 
trained  ORV  enforcement  officers  to  patrol  and 
manage  ORV  use  areas. 

In  the  Ballinger  Canyon  area  the  LPNF  has  im- 
plemented a  rehabilitation  and  monitoring  program 
that  will  serve  as  a  model  for  the  remainder  of 
the  Forest's  ORV  use  areas.   Soil  erosion  is  moni- 
tored using  the  California  Division  of  Forestry's 
3F  erosion  bridge  method.   Several  monitoring 
methods  are  used  to  measure  the  impact  ORV  activity 
has  on  the  land.   The  method  used  by  the  LPNF~is 
the  3F  method  developed  by  the  California  Division 
of  Forestry.   Equipment  consists  of  a  level,  two 
heavy  steel  stakes,  and  a  length  of  welding  rod. 
The  level  is  modified  so  that  it  fits  over  the 
stakes, and  ten  holes  equally  spaced  are  drilled 
to  fit  the  rod.   The  rod  is  inserted  in  each  of 
the  drilled  holes.  The  distance  from  the  top  of  the 
level  to  the  end  of  the  rod  is  measured.   Changes 
in  this  measurement  with  time  determine  the 
erosion  rate.   The  3F  method  is  used  to  measure 
the  natural  erosion  rate  on  the  badlands  in 
Ballinger  Canyon. 
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LPNF  has  modified  the  3F  method  by  using  a 
2x4  board  to  measure  erosion  impact  on  wide  trais. 
Where  deep  channels  or  gullies  are  found,  the  sas 
tape  technique  is  used.    A  measuring  tape  is 
placed  across  the  study  area,  and  the  distance 
from  the  tape  to  the  soil  surface  is  measured. 
The  heavy  rope  is  used  as  a  safety  line  on  hill 
climbs  with  slopes  greater  than  60  percent.   The 
Soil  Conservation  Service  has  a  guide  for  rating 
soils  for  ORV  activity.   The  LPNF  has  amended  an 
expanded  these  guides  to  fit  local  conditions. 
The  Speedy  moisture  meter  is  used  to  measure  so 
moisture  conditions  that  could  change  as  a  resul 
of  ORV  activity.   A  core  sampler  is  used  to  mea- 
sure changes  in  soil  compaction.   In  heavy  soils 
compaction  has  been  found  to  a  depth  of  0.4  foot 
This  compaction  could  result  in  increased  runoff 
from  the  site  and  cause  an  impact  to  onsite  and 
offsite  resource  values. 

Soil  piping  is  a  characteristic  of  some  of  th 
heavier  textured  soils.  The  soil  is  high  in  ex- 
changeable sodium  (Na)  and  shrink/swell  clays. 
Surface  cracking  as  a  result  of  the  high  clay 
content  facilitates  the  channeling  of  water  with 
the  subsoil.  This,  in  combination  with  the  dis- 
persion action  of  sodium,  causes  piping. 

When  the  heavy  soils  are  compacted,  runoff 
increases^ which  aggravates  the  piping  problem. 
For  the  past  two  years  hill  climbing  has  been 
reduced  extensively  by  the  LPNF  management  polic 
Hill  climbing  activity  has  had  an  impact  on  the 
area  immediately  adjacent  to  the  Ballinger  Camp- 
ground.  The  soils  on  many  of  the  hill  climbs 
near  Ballinger  Campground  have  a  heavy  texture  a: 
an  annual  plant  community.   These  two  factors 
lend  the  area  to  short  recovery  period  (1-2  year 
once  the  ORV  activity  is  removed.   The  harsh  sit 
conditions  of  steep  slopes  and  shallow  sandy  sol 
at  many  other  Southern  California  ORV  use  areas 
may  increase  the  recovery  time  for  hill  climbs 
and  trails  to  five  or  even  ten  years.    The  trai 
also  exhibit  this  ability  to  recover,  given  some 
rehabilitation.   Rehabilitation  structures  such  • 
waterbars  play  an  important  part  in  ORV  trail 
management.   Waterbars  need  constant  maintenance 
withstand  the  impact  from  trail  bike  use. 

Where  trails  are  narrow  or  have  been  washed  oi 
watershed  improvement  structures  are  used  to  mai; 
tain  the  trail  and  make  it  safe  for  use.  Dead 
native  plant  material  is  placed  and  compacted 
within  the  rills  to  control  erosion  on  the  steep( 
trails.  Twenty  to  thirty  percent  material  tends 
to  wash  out  if  not  properly  anchored.  Since  biki 
will  not  run  in  rills,  the  trails  may  widen  over 
time  if  they  are  not  maintained. 

The  issue   of  the  use  of  public  lands  for  ORV 
activities  is  national  in  scope.   While  this  is 
a  single  focus  issue,  there  are  two  very  importai 
components — social  and  environmental — which  must 
be  considered.   The  Forest  Service  will  continue 
to  implement  policies  as  directed  by  our  ORV 
planning  and  management  effort.   We  will  continueJ 
to  seek  the  balance  needed  for  both  the  social  anj 
environmental  needs  that  man  has  for  himself  and  ; 
for  his  environment. 
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Bgetation  Change  on  Santa  Cruz  Island, 
alifornia:  The  Effect  of  Feral  Animals' 


jbert  W.  Brumbaugh  and  Norman  J.  Leishman^ 


Coastal  saqe   scrub   and  chaparral   communities 
Santa  Cruz   Island,   California, have  been   substan- 
ally  modified  by    feral   sheep  qrazina  within   the 
ist   130  years.      The   sheep  population    rapidly 
creased  after  a  probable   introduction    in   the 
irly   1850 's   as   part   of  a   large-scale   sheep  ranch- 
,q  program.      By   1870,    at   least   45,000  sheep  were 
,  the   island    (U.S.    Census  of  Agriculture    1870). 
her  estimates  of  sheep  population   on   the   61,000- 
;re   island  during  the   late    19th   century   range 
itween   45,000   and   100,000    (Brumbauqh   1980). 
iday   feral  sheep  are   confined  to   the  more    rugged, 
ss   accessible  northwest   and  northeast  mountains 
,d  marine   terraces.      Fewer  and   fluctuating 
imbers  of  sheep  remain   on  the  hilly  southern 
irtion  while   sheep  are   excluded  from  the 
ntral  valleys. 

A  sizeable   reduction   of  brush   cover  on   south- 
icing  slopes  north  of  the  Central   Valley   is   evi- 
int   in  the   comparison   of  photographs   taken   of  the 
intral  Valley   in    1869.      An   extensive   chaparral 
)ver  with  patches  of  coastal    sage   scrub   is 
lown   in   the   1869  photographs.      The   coastal   sage 
irub    (e.g.  ,   Artemisia  califomica)    has  been 
ipecially  affected  by   feral   sheep  orazing. 
imparison   of  photoqraphs   taken   in    1869  with 
icent  photoqraphs   show   complete   destruction  of 
>astal  sage   on   the  heavily  qrazed  south-facinq 
opes   alonq  the  Central  Valley.      Only  6  percent 
'  Santa  Cruz   Island   is   presently  covered  by 
>astal  saqe   scrub    (Minnich   1980) .      Reaeneration 
■  coastal   sage   is  occurrinq  on   some  portions  of 
le  island  in   response   to  sheep  removal   from 
ilected  areas  within   the   last   2  5  years. 

A  more   exten:-ive   chaparral   cover  existed   in 
169   than   exists   today  on  the   slopes   immediately 
)rth  of   the  Central  Valley.      Changes   are  species 
elective.      Ad eno stoma   fasclculatum  has  been 
ipecially   susceptible    to    feral    sheep   impacts, 
lile  Que  reus   dumosa  and  Heteromeles   arbuti folia 
ive  suffered  less   attrition.      In   addition,    the 
!69  photoqraphs   show   that   chaparral   plants   lacked 
le  arborescence   characteristic  of  much  of  the 
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woodlands  today.   Brumbaugh  (1980)  and  Minnich 
(1980)  have  suqqested  a  role  of  fire  on  the  island, 
prior  to  the  advent  of  sheepqrazinq,  as  a  reason 
for  this  lack  of  arborescence.   There  is  abundant 
charcoal  in  late  Holocene  sediments  and  on  many 
almost  barren  ridgetops.   It  is  also  possible  that 
late  19th  century  manaqement  practices  included 
controlled  buminq  in  order  to  provide  more  sheep 
pasturage.   The  woodland  slopes  shown  in  the 
historic  photoqraphs  have  not  been  burned  during 
the  last  half  century. 

Stature  of  Que reus  dumosa  and  Adenostema  fasci- 
culatum,  two  abundant  species  in  the  chaparral 
woodland,  increases  with  qrazinq  intensity  as 
does  the  chaparral  community  as  a  whole.   Their 
stature  was  examined  in  contrastinq  regimes (heavily, 
moderately,  and  lightly  grazed)  across  a  large 
north-south  belt  in  the  middle  of  the  island. 
Trunk  diameter,  number  of  trunks  per  shrub,  and 
canopy  areas  of  the  two  species  were  recorded  in 
4- meter- wide  belt  transects.   Only  populations 
on  north-facing  slopes  were  sampled  in  order  to 
help  reduce  variation  caused  by  unmeasured 
environmental  factors.   The  two  species  have 
responded  similarly  to  grazina  pressure  with  respect 
to  magnitude  of  stature  variation  within  the  3 
grazing  regimes.   However  Adenostoma  fasciculatum 
is  more  susceptible  to  eradication  as  indicated  by 
a  paucity  of  basal  sprouts  in  heavily  grazed  areas. 
In  the  heavily  grazed  areas  shrubs  tend  to  have 
a  noticeable  browse  line  and  a  definite  trend 
toward  increased  trunk  diameter,  canopy  area,  and 
height.   A  younger  aued  population  has  become 
established  in  areas  where  sheep  have  been  reduced 
in  number  over  the  past  25  years. 

There  is  a  rapid  response  in  areas  completely 
removed  from  feral  sheep  use.   Three  exclosures  in 
heavily  grazed  shrub-savanna  communities  were 
sampled  over  a  two-year  period  after  construction 
(Brumbaugh  1980  and  Leishman  1981)  .   Vegetation 
changes  included  an  increase  in  herbaceous  cover 
within  the  exclosure.   In  addition,  Quercus  dumosa 
and  Heteromeles  arbutifolia  immediately  sprouted 
at  their  bases  and  within  3  years   the  pruned 
appearance  was  qreatly  diminished. 
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Life  History  and  Seed  Dispersal  of 
Dendromecon  rigida' 

Stephen  H.  Bullock' 


Longevity,  fecundity  and  reproduction  were 
studied  in  bush  poppies  (Dendromecon  rigida  Benth.) 
focusing  on  a  site  burned  in  1970  in  the  Santa 
Monica  Mountains  (densities  up  to  38  plants  per 
m^,  fig.  1);  15  other  populations  were  examined 
from  San  Diego  to  Shasta  counties. 

Germination  is  normally  restricted  to  the  first 
winter  after  a  fire.  Seedling  growth  rates  are 
high,  total  dry  weight  averaging  8.5  g  at  age  1  yr 
(Otay  Mtn,  1980;  compared  to  1.45  g  for  Ceanothus 
and  0.12  g  for  Cupressus  forbesii).  However, 
adults  are  usually  less  than  2m  height. 


Reproduction 
The  plants  are 
unspecial ized. 
age  3yr  and  6.3 
eared  but  means 
weight  of  the  o 
1  5.8  mg.  The  n 
barren  plants  b 
percent  at  lOyr 
San  Jacinto  Mtn 


can  begin  in  the  second  spring, 
self-compatible  and  the  flowers  are 
Seed  set  averaged  7.6  per  fruit  at 
at  Syr;  no  geographic  trends  app- 
ranged  from  2.9  to  10.7.  Mean 
il-rich  seeds  ranged  from  10.1  to 
umber  of  fruits  per  plant  was  small, 
eing  common  (46  percent  at  3yr,  39 
However,  a  sparse  population  on 
had  many  plants  with  >100  fruits. 


Survivorship  was  95  percent  at  age  3yr,  21  per- 
cent at  7yr,  and  5  percent  at  lOyr.  The  causes  of 
adult  mortality  in  undisturbed  stands  are  obscure. 
Fire  kills  all  except  seeds;  various  herbivores 
and  seed  predators  are  known. 

The  seeds  are  dispersed  by  explosive  fruits  and 
by  gravity,  and  are  also  collected  by  ants,  princi- 
pally carpenters  (Camponotus  spp)  and  harvesters 
(Pogonomyrmex  subnitidus) .  ^Ants  consume  a  carun- 
cular  appendage  in  their  nests  and  discard  the  in- 
tact seed,  Camponotus  in  subterranean  middens  and 
Pogonomyrmex  on  surface  middens.  Camponotus  pro- 
vides burial  and  predator  avoidance,  but 
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Pogonomyrmex  moves  longer  distances,  often  uphill 
to  ridge-top  nests.  Birds  and  rodents  are  pred- 
ators of  the  seeds.  Experiments  showed  that  ants 
were  more  ubiquitous  foragers  than  vertebrates: 
Visitation  to  baited  stations  was  67  and  30  per- 
cent respectively.  Ants  were  also  more  thorough 
than  vertebrates:  Removal  of  bait  seeds  was  55 
and  18  percent  respectively.  Birds  may  focus  the 
foraging  on  aggregations  of  seeds  discarded  by 
Pogonomyrmex. 


Figure  1--This  stand  extended  over  several 
varying  densities,  including  perhaps  5  mill 
Dendromecon , 


km^  at 

ion 


L..^mm 


Figure  2--Pogonomyrmex  loses   a  negligible  percent 
of  the  seeds   during  transport. 
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Seasonal  Progressions  in  the  Water  Relations 
)f  Deciduous  and  Evergreen  Perennials  in  the 
\lorthern  California  ChaparraP 

loward  W.  Calkin  and  Robert  W.  Pearcy' 


Perennial  plants  native  to  Mediterranean  di- 
lates should  exhibit  behavioral  adaptations  allow- 
.ng  survival  during  drought  periods.   Buffering  of 
;ell  volume  and  turgor  is  thought  to  be  important 
:or  maintenance  of  metabolism  (Zimmermann  1978) . 
Itomatal  reactivity  and  osmotic  adjustment  interact 
fith  environment  to  buffer  cell  volume  and  turgor. 

In  this  study,  a  pressure  bomb  (Tyree  and 
ithers,  1973)  and  null  balance  diffusion  porometer 
lere   used  to  follow  the  seasonal  progression  of 
ismotic  adjustment  and  stomatal  reactivity.   Toyon 
^Heteromeles  arbutif olia  M.  Roem)  is  an  evergreen 
Jtlerophyll  shrub.   Redbud  (Cercis  occidentalis 
!orr.  ex  Gray)  is  a  winter- deciduous  shrub  and 
luckeye  (Aesculus  californica  (Spach)  Nutt.)  is  a 
Irought-deciduous  small  tree.   These  p.lants  exhi- 
liting  different  adaptive  syndromes  were  growing 
;ogether  in  the  G.L.  Stebbins  Cold  Canyon  Reserve 
.n  the  Vaca  hills  of  northern  California. 

Figure  1  shows  diurnal  courses  of  water  potential 
ind  leaf  conductance  for  two  days.   This  6-wp.ek  span 
.llustrates  the  trends  seen  throughout  the  rest  of 
;he  season  (Table  1).   In  general,  as  the  season 
irogressed,  stomatal  opening  became  more  restricted 
;o  morning  hours,  and  the  magnitudes  of  the  morning 
leak  and  mid-day  plateau  decreased.   Leaf  water 
lotentials  became  more  negative  and  for  Heteromeles 
ind  Cercis  reached  values  near  their  turgor  loss 
loint.   Aesculus  leaves  maintained  turgor  pressures 
if  at  least  .5  MPa  (72.5  psi)  all  season. 

The  seasonal  drop  in  osmotic  potentials  C^TLP) 
md  plant  water  potentials  was  greatest  in  Hetero- 
leles,  intermediate  in  Cercis  and  least  in  Aesculus. 
luring  the  next  winter  and  spring,  the  water  poten- 
;ial  of  Heteromeles  recovered,  but  the  osmotic 
potential  of  the  leaves  from  the  previous  spring 
emained  low  (data  not  shown) .   Daily  water  loss 
'as  similar  for  Cercis  and  Heteromeles,  decreasing 
ifter  May.   In  April,  Aesculus  had  a  total  transpi- 
■ation  much  higher  than  the  other  species;  but 
Iready  in  May,  water  use  had  decreased  by  60  per- 
ent  and  was  much  lower  than  in  the  other  species. 


In  Heteromeles  and  Cercis  both  stomatal  and 
osmotic  adjustments  contribute  to  the  buffering  of 
cell  volume  and  turgor.   Osmotic  adjustment  played 
little  role  in  Aesculus. 

Table  1 — Seasonal  changes  in  osmotic  potential 
CJ^TLP)  ,  leaf  conductance  and  dally  transpiration 
during  1979 


Date 

Aesculus 

Cercis 

Heteromeles 

yiLpi 

g2 

Ts^ 

yiLP 

g 

Ts 

fjlP 

9 

Ts 

Apr  25 

-1.3     n     4.3  -1.3     7.2     2.7  -1.6     4.2     1.9 

May  20 

-1.4     10     2.1  -1.6     7.0     4.3  -1.9     6.9     3.4 

Jul      5 

-1.6       4     2.8  -2.3     6.0     3.7  -3.1     3.7     3.1 

Aug     8 

-1.7                     -2.6     5.3     2.5  -3.4     3.0     3.0 

Oct  17 

-2.5     4.2     1.1  -3.9     3.0     1.8 

Water  potential  at  turgor  loss  point  MPa. 


Leaf  surface  conductance  to  water  vapor  mm/ sec 
(averaged  over  mid-day  hours). 

■^Total  daily  transpiration  Kg/m  leaf  surface. 
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Figure  1 — Daily  courses  of  water  potential  and 
leaf  conductance  illustrating  the  seasonal  changes. 
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Distribution  of  Grasshoppers  (Orthoptera: 
Acrididae)  Along  Environmental  Gradients  in  a 
Mediterranean-Type  Ecosystem' 


Susan  L.  Coon' 


In  the  past,  most  studies  of  faunal  distribu- 
tions along  environmental  gradients  have  analyzed 
large,  taxonomically  diverse  groups  of  animals, 
such  as  birds  and  insects.   This  study  analyzes 
the  distribution  of  the  family  Acrididae  (grass- 
hoppers) ,  a  large  group  of  species  with  relative- 
ly similar  behavior  and  food  preferences. 

The  vegetation  and  soil  characteristics  of 
nine  field  sites  on  the  east  (rainshadow)  slope 
of  the  San  Jacinto  Mountains,  California,  ranging 
in  elevation  from  65  meters  below  sea  level  to 
1920  meters  above  sea  level,  were  earlier  studied 
by  R.  B.  Hanawalt  and  R.  H.  Whittaker.   Grass- 
hopper species  were  sampled  by  "sweeping"  the 
vegetation  along  a  randomly  chosen  transect  and 
by  searching  for  specimens  for  a  specific  timed 
interval  at  each  site.   Collected  specimens  were 
preserved  for  identification  and  analysis.   En- 
vironmental variables  including  temperature, 
precipitation,  relative  humidity,  and  percent 
soil  moisture  were  also  recorded. 

Grasshopper  species  tended  to  be  more  widely 
distributed  along  the  elevational  gradient  than 
plant  species,  with  some  grasshopper  species 
found  at  as  many  as  six  elevations,  but  no  plant 
species  found  at  more  than  three  elevations. 

Species  richness,  the  number  of  species 
present  at  a  site,  was  very  low  at  the  lowest 
elevations,  increased  to  a  maximum  at  mid- 
elevations,  and  decreased  again  at  the  highest 
elevations.   A  regression  line  (r  =  0.30)  showed 
a  general  trend  for  the  number  of  species  to 
increase  as  elevation  increased  (fig.  1).   There 
was  a  positive  correlation  between  the  number  of 
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grasshopper  species  present  at  a  site  and  the 
percent  of  ground  covered  by  herbs  (r  =  0.52) 
and  semi-shrubs  (r  =  0.A6),  the  most  important 
food  sources  for  grasshoppers. 

Acridid  abundance,  the  total  number  of  grass- 
hoppers of  all  species  present  at  a  site,  tended 
to  decrease  wi.th  increasing  elevation   (r  =  -0.4^ 
(fig.  2).   This  may  be  explained  by  the  fact  that 
along  the  elevational  gradient,  total  percent 
vegetation  cover,  especially  percent  cover  by 
trees,  increased  with  elevation.   The  increase  ir 
total  vegetation  cover  was  correlated  with  a 
decrease  in  herb  cover  and  semi-shrub  cover,  the 
food  sources  of  the  grasshoppers. 


Species  Richness  with  Elevation 
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Figure  1 — Species  richness  with  elevation. 
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Acridid  Abundance  with  Elevation 


800  1000  1200  1400  1600  1800  2000 

elevation  in  meters 


Figure  2 — Acridid  abundance  with  elevation. 
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LANDSAT  Approach  to  Mapping  Vegetative 
jel  Type  and  Density  Classes^ 


ichael  J.  Cosentino" 


Maps  that  accurately  describe  the  physical 
laracteristics  of  the  vegetative  cover  within  the 
!diterranean-type  ecosystem  of  Southern  Califor- 
.a  are  needed  to  drive  computer  simulation  models 
:  wildland  fires.   Remotely  sensed  data  can 
rovide  spatial  maps  of  vegetative  characteris- 
.cs.   These  vegetative  characteristics  contain 
iluable  information  concerning  factors  which  in- 
.uence  fire  behavior.   Landsat  data,  including  a 
mthesized  standard  deviation  "texture"  channel, 
IS  used  to  produce  a  physiognomic  classification 
:  vegetative  fuel  types  and  densities  (relative 
:own  closure)  for  a  7.5-minute  quadrangle  area  in 
le  Angeles  National  Forest  in  Southern  California. 

Digital  Landsat  data  was  precisely  registered 
)  terrain  data  derived  from  orthophotoquads . 
le  Landsat  data  was  resampled  to  50  meter  cells 
ich  that  each  cell  represented  approximately  .27 
jctares  (.6  acres)  on  the  ground.   A  fuel-type 
.assif ication  scheme  was  devised  based  upon  the 
.scrimination  capabilities  of  the  Landsat  sensor 
7   first  identifying  129  unique  spectral  "types" 
iherent  in  the  data,  and  then  labeling  each  type 
;cording  to  actual  ground  conditions  as  interpre- 
jd  on  1:24000  color  infrared  air  photos.   Similar 
^pe-labels  were  grouped  into  12  distinct  fuel 
^pe  and  relative  density  classes. 

The  accuracy  of  the  classification  was  deter- 
ned  by  selecting  over  500  random  points  and 
mparing  the  mapped  fuels  information  with  actual 
ound  conditions.   The  overall  accuracy  of  almost 
percent  was  the  result  of  several  factors: 
individual  fuel  type  and  density  classes  which 
ntained  spectral  variation  due  to  illumination 
d  reflection  geometry,  were  expressed  as  a  large 
mber  of  classes  with  low  variance  rather  than  a 
all  number  of  classes  with  high  variance,  thus 
ducing  the  impact  of  differential  illumination 
e  to  topography  and  sun  angle;  2)  spectral 
asses  derived  from  the  Landsat  classification 
re  described  in  terms  of  actual  ground  condi- 
ons  and  then  aggregated  into  fuel  classes  rather 
an  forcing  the  spectral  classes  into  pre-deter- 
ned  fuel  type  systems  or  models;  and  3)  highly 
curate  registration  of  the  Landsat  data  to  the 
thophotoquad  allowed  for  precise  location  of 
e  spectral  classes  on  the  ground,  which  greatly 
cilitated  the  labeling  process. 
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Figure  l--Portions  of  a  standard  USGS  orthophoto- 
quad  and  a  precisely  registered  Landsat  fuels 
classification.   Fuels  data  can  be  reproduced  on 
transparencies  for  overlay  with  the  map  and  used 
in  pre-attack  planning,  or  input  as  digital  data 
to  computerized  fire  simulation  models. 

Table  l--Landsat-based  Fuel  Type/Density  Classes 
Mixed  Chaparral  /  Low  (density) 
Mixed  Chaparral  /  Medium 
Mixed  Chaparral  /  High 
Mixed  Chaparral  /  High  - 
Mixed  Chaparral  /  Medium 
Mixed  Chax^arral  /  High  - 
Mixed  Conifers  /  Medium 
Soft  Chaparral  /  High 
Soft  Chaparral  /  Medium 
Soft  Chaparral  /  Low 
Grass 
Sx^arse-barren 

Table  2 — Fuels  Map  versus  Field  Observations 


w/  Oaks  /  Medium 

-  w/  Mixed  Trees  /  Low 

w/  Mixed  Trees  /  High 


LANDSAT  CLASSIFICATION  ACCURACIES 
FOR  FUEL  TYPE  AND  DENSITY 
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Effects  of  Fire  on  Certain  Physical  Properties 
of  Selected  Chaparral  Soils' 

Dan  M.  Duriscoe,  Wade  G.  Wells  IP 


The  effects  of  heating  to  wildfire  temperatures 
on  the  particle  size  distribution  and  mineralogy 
of  soils  were  investigated  in  the  laboratory. 
Samples  from  the  San  Dimas  Experimental  Forest  and 
the  Pine  Canyon  study  area  of  the  Los  Padres 
National  Forest  were  subjected  to  temperatures  of 
from  400°  to  800°  C.   Particle  size  analysis  was 
performed  on  heated  and  unheated  control  samples, 
with  results  summarized  in  table  1, 

Table  1 — Percent  by  weight  of  sand,  silt,  and  clay 
in  chaparral  soils  heated  for  10  min. 


Pine 

Canyon 

soil 

San 

Dimas 

soil 

Temperature 

Sand 

Silt 

Clay 

Sand 

Silt 

Clay 

Unheated 
400°   C 
600°   C 
800°   C 

61,4 
68.4 
72.7 
77.0 

26.6 
30.3 
26.8 
23.0 

12.0 
1.3 
0.5 
0.0 

38.8 
43.7 
40.7 
44.5 

43,4 
51,0 
51.6 
50.8 

18.6 
5.3 

7.7 
4.7 

smectite  structure  in  a  stepwise  fashion  (fig. 
lA) .   Clays  from  the  San  Dimas  soil  were  found  ti   Di 
contain  mica  as  well  as  kaolinlte.   Heating  agaii,  ..^ 
resulted  in  the  dehydration  of  kaolinlte  at        ' 
600°  C,  while  collapse  of  the  mica  structure 
occurred  between  800°  and  950°  C  (fig.  IB). 
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Figure  1 — X-ray  dif fractograms  of  the  clay  frac- 
tion of  the  soils  investigated. 


Soils  from  both  areas  display  a  shift  in  par- 
ticle size  distribution  when  heated.   Most  notable 
is  the  reduction  in  the  amount  of  clay  present 
before  and  after  heating.   The  effect  is  most 
dramatic  in  the  Pine  Canyon  soil,  which  contains 
12  percent  clay:   after  heating  to  800°  C,  no 
measurable  clay  could  be  detected.   The  percentage 
of  sand-size  particles  increases  proportionately 
with  the  decrease  in  clays,  while  the  silts  remain 
essentially  unaffected.   Lumping  or  fusion  of  clay 
particles  upon  heating  as  a  possible  cause  of  this 
phenomenon  has  been  reported  by  other  researchers 
(Sertsu  and  Sanchez  1978),  but  the  mechanism  by 
which  it  occurs  is  not  clear. 

Changes  in  clay  mineralogy  were  identified 
using  x-ray  diffraction  analysis.   Heating  the 
Pine  Canyon  soil  to  600°  C  resulted  in  the  decom- 
position of  calclte,  dehydration  and  collapse  of 
kaolinlte,  and  partial  decomposition  of  smectite. 
Higher  temperatures  led  to  further  collapse  of  the 
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These  results  suggest  that  soils  on  steep 
slopes  may  become  less  stable  after  fire  because 
the  cohesive  Influence  of  the  clays  is  dimlnlshe( 
Particle  size  shifts  have  not  been  detected  in 
field  samples,  but  there  is  reason  to  believe  th; 
they  occur.   Dunn  and  DeBano  (1977)  report  tempei 
atures  of  800°  C  at  the  surface  and  350°  C  at  2  . 
depths  during  prescribed  burns.   Increases  in  boi 
dry  ravel  and  rill  formation  on  freshly  burned 
slopes  have  been  reported,  and  both  can  be  ini- 
tiated by  failures  at  depths  of  2  cm  or  less 
(Wells  1981).   Both  of  these  erosion  processes  m<: 
be  caused  or  enhanced  by  this  shift  in  particle 
size  distribution. 
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f\symbiotic  N2  Fixation  and  Nitrogen  Content 
Df  Bulk  Precipitation  in  Southern  California 
3haparraP 


Jarbara  A.  Ellis- 


The  nitrogen(N)  budget  for  southern  California 
haparral  remains  uncalculated.  Particularly  evi- 
ent  is  the  lack  of  understanding  concerning  the 
mportance  of  asymbiotic  N2  fixation,  which  has  not 
een  evaluated  in  southern  California  to  date, 
imilarly,  few  measurements  of  N  input  by  atmos- 
heric  deposition  exist  for  inland  chaparral  sites. 

Limiting  factors  of  asymbiotic  N2  fixation  seem 
0  be  energy  (carbon)  and  soil  moisture  (fig.  1). 
ssays  with  unamended  soil  cores  did  not  always  in- 
icate  N2  fixation.  However,  rates  of  N2  fixation 
n  unamended  soils  when  measurable,  indicated  that 
2  fixation  may  fluctuate  year  to  year.  Experiments 
nder  a  range  of  controlled  environmental  conditions 
hould  clear  this  uncertainty. 

Deposition  of  N  from  bulk  precipitation  (dry 
allout  +  rainfall)  is  not  correlated  with  rainfall 
ntensity  in  this  study  due  to  inadequate  frequency 
f  sampling  (fig.  2).  Values  from  May  25,  1978 
hrough  Nov.  2,  1978  reflect  N  concentration  prim- 
rily  in  dry  fallout.  The  extent  to  which  the  N03~ 
on  in  bulk  precipitation  may  originate  from  local 
ources  of  dust,  though  thought  to  be  minimal, 
hould  be  considered  in  an  internretation  of   the  re- 
ults. 
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Figure  1 --Comparison  of  N2-fixing  activity  (C2H2-C2 
H4)  in  glucose  and  water  amended  soil  cores.  (C2H2 
concentration  0.1  atm.;  ambient  p02  incubation  con- 
ditions; assay  duration  ca.  65  h) 


Estimated  annual  deposit 
precipitation  is  ca.  3,6  kg 
of  contributions  from  symbi 
Ceanothus  greggii  (0,1  kg  N 
biotic  N2  fixation  (0.5  kg 
cores).  The  importance  of 
angiosperms,  especially  leg 
stands  has  yet  to  be  thorou 
carbon  seems  an  important  1 
biotic  N2  fixation  (fig.  1) 
microorganisms  may  play  in 
carbon-enriched  early  post- 
triguing  question. 
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otic  N2  fixation  by 
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N/ha/yr,  unamended  soil 
symbiotic  N2  fixation  by 
umes,  in  early  post-burn 
ghly  investigated.  Since 
imiting  factor  for  asym- 
,  the  role  that  these 
replenishing  N  losses  in 
burn  soils  poses  an  in- 
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Figure  2--Total  M  (TKN  and  NO2"  +  NO3-)  in  bulk  pre- 
cipitation. First  five  data  points  represent  ionic 
concentration  of  total  N  in  dry  fallout  only 
(Vertical  bars  =  Standard  Error). 
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Nutrient  Cycling  in  Montane  Evergreen-Oak 
Forest  at  La  Castanya  (Montseny,  Catalunya, 
NESpain)^ 

L.  Ferres,  F.  Roda,  C.  Verdii,  and  J.  Terradas" 


We  are  studying  the  circulation  of  N,P,K,Ca,Mg, 
and  Na  in  an  evergreen-oak  (Quercus  ilex  L.)  forest 
in  the  montane  stage  of  the  Montseny  mountains. 
All  sairpling  is  made  in  a  0.23  ha  experimental  plot 
(41°  46'  N,  2°  24'  E)  at  660  m  a.s.l.  near  the 
bottcm  of  a  30° ,  W-facing  slope.  Slope  within  the 
plot  is  gentler  (7-20°).   The  soil  is  a  brunisol 
on  schist  bedrock.  Annual  rainfall  is  c.  900  mm. 
Mean  annual  temperature  is  c.  9°C.  Sumner  drought 
is  present.  The  sea  is  at  27  km.  The  site  now 
experiences  acid  rain  (mean  volume-weighted  pH  is 
4.7).  The  Barcelona  conurbation  is  at  25-50  km. 
Q.  ilex  is  the   only  tree  species  in  the  plot. 


Canopy  is  closed,  dense  (2010  boles  dbh>5  cm/ha) 
and  9-13  m  high.  Dominant  trees  have  17-27  cm  dli. 
Basal  area  is  26.6  m  /ha.   Undein^rowth  is  very 
sparse.  Litter  (11  t/ha)   accumulates  on  the  forct 
floor.  Part  of  the  plot  was  under  cultivation  ii 
the  past,  but  it  was  abandoned  probably  >100  yea;! 
ago.  The  stand  was  later  coppiced.  Present  age 
of  1±ie  trees  is  unknown,  but  they  are  probably 
<  60  years  old. 

Results  are  shown  in  figure  1.  Bicmass  and  m- 
neralcmass  refer  to  trees  of  dbh  >5  cm.  All 
fluxes  are  averages  of  2  years  of  study  (June  19'!- 
May  1980).  Ccmpared  with  the  lowland,  limestone 
underlain,  older  Q.  ilex  forest  at  Le  Rouquet, 


France  (Lossaint  and  Rapp  1971) ,  our  stand  is  mui 
lower  in  bicmass;  mineralanasses  of  the  6  elanen 
vdiole-tree  concentrations  of  P,  Ca,  and  Na;  Ca 
litterfall  flux;  Na  precipitation  flux;  and  K,  C 
and  Na  throughfall  fluxes.  Whole-tree  concentra 
ions  of  N,  K,  and  Mg  are  witliin  20%  of  those  at 
Le  Rouquet.  All  Mg  fluxes  are  very  similar  at 
both  stations.  Litterfall  and  K  flux  in  litter- 
fall are  higher  at  La  Castanya. 


'  ii 
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Figure  1 — (A)   above-ground  tree  bianass    (t/ha)    and 
litterfall    (t/ha/yr) .       (B)   mineralomasses    (kg/ha) 
and  mineral   fluxes    (kg/ha/yr)    in  the  montane  ever- 
green-oak forest  at  La  Castanya    (Montseny,   Catalunya) 
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cosystems  Management,  Renewable 
esources,  and  Urban  Habitats' 


arry  Fishbain^ 


Air  pollution  must  be  stopped  at  the 
source,  yet  pollution  abatement  prac- 
tices which  merely  turn  air  pollution 
into  a  solid  waste  disposal  problem  are 
not  sollutions. 


Water 


Historically  technology  has  been 
eveloped  with  a  short-sighted  disregard 
or  its  effects  on  natural  systems, 
hese  systems  provide  the  raw  materials 
hich  make  modern  urban  society  poss- 
ible, and  any  damage  done  to  them  limits 
he  potential  of  future  human  develop- 
ent.   Impending  shortages  of  food,  ener- 
y,  and  mineral  resources;  pollution;  and 
he  increase  in  environmentally  aggrava- 
ed  diseases  are  just  the  most  visible 
igns  of  these  self-imposed  limits. 

The  use  of  technology  to  manage  re- 
ewable  resources  will  require  a  new 
ramework  for  evaluating  its  costs  and 
enefits,  one  which  considers  long-range 
mplications  as  well  as  immediate  mone- 
ary  costs,  one  that  takes  into  account 
uch  social  costs  as  the  effects  on 
uman  health  and  personal  satisfaction. 
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following  are  a  few  guidelines 
chnological  development  that  meets 
eds  of  a  healty  human  and  natural 
nment.   Some  relate  specifically 

Mediterranean-type  ecosystem  and 
problems  of  the  San  Diego/Tijuana 
,  This  is  certainly  not  the  only 
for  development,  nor  is  the  model 
te.  We  hope  this  work  will  stim- 
thinking  in  this  area. 


We  all  breathe  the  same  air.   Because 
lements  of  the  ecosystem  are  inter- 
ctive,  air  pollution  soon  becomes  water 
nd  soil  pollution.   Air  pollution  re- 
uces  the  useable  solar  flux,  thereby 
ebbing  us  of  needed  energy  potential. 
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Water  resource  management  in  the  San 
Diego/Tijuana  Region  is  almost  non- 
existent.  Urban  areas  here  are  90  pet. 
dependent  upon  imported  water  supplies, 
yet  experience  damaging  flooding  with 
every  substantial  rainfall.   Urbaniza- 
tion has  contributed  to  increased  runoff 
and  a  reduction  in  groundwater  storage 
potential.   Water  storage  is  inadequate 
for  any  long-term  disruption  in  imported 
supplies.   Present  plans  call  for  the 
construction  of  expensive  facilities  to 
increase  water  imports  from  areas  where 
local  demand  is  also  increasing,  and 
supplies  are  not  assured.   There  is 
legitimate  concern  that  these  facilities 
will  cause  serious  environmental  damage 
at  the  source  of  supply. 

The  use  of  local  water  supplies  will 
require  a  comprehensive  program  includ- 
ing improvements  in  air  quality;  control 
of  substances  in  common  use  that  might 
pollute  runoff;  management  of  flood- 
plains  to  control  and  store  runoff,  and 
prevent  damage  to  buildings ,  roads ,  and 
aquifers,  while  preserving  estuary  and 
other  wildlife  habitats. 

An  integral  part  of  water  management 
must  be  a  program  of  water  reclaimation, 
San  Diego's  present  sewage  system  is 
operating  over  capacity  while  99.9  pet. 
of  sewage  volume  is  just  water.   Recog- 
nizing this  as  a  source  problem  can  re- 
lieve pressures  on  sewage  capacity,  and 
the  majority  of  water  can  bs  recycled 
more  easily. 

Present  sewage  treatment  facilities 
produce  methane  gas,  only  a  small  part 
of  which  is  utilized.   Dilution  of 
nutrients  by  excess  water  reduces  the 
amount  available  for  gas  production,  and 
necessitates  the  disposal  of  the  excess 
water.   If  the  plumbing  system  handled 
only  toilet  wastes,  present  methane 
digester  capacity  could  fully  utilize 
available  nutrients.   By  excluding  toxic 
materials  from  the  waste  stream  digester 
residue  containing  valuable  soil  nutri- 
ents can  be  used  in  agriculture. 

Grey  water  from  sinks  and  baths,  and 
storm  runoff  could  then  be  treated  sep- 
arately in  oxidation  ponds.   Aquatic 
biomass  from  these  ponds  can  be  used 
to  increase  methane  production,  and 
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treated  water  is  suitable  for  irrigation, 

Industry  which  produces  toxic  wastes 
must  reclaim  and  reuse  its  own  water. 


Food 

A  healthy  agricultural  system  is  a 
healthy  ecosystem.   There  is  a  diversity 
of  plant  and  animal  life  adapted  to  the 
conditions  of  soil,  water,  and  climate. 
The  soil  is  kept  fertile  by  the  recy- 
cling of  basic  nutrients,  and  pests  are 
kept  under  control  by  natural  enemies. 

Modern  agricultural  practices  are 
unhealthy  monocultures,  supported  by 
a  constant  supply  of  biocides  and  force 
feeding  of  fertilizers  and  water.   These 
practices  are  energy  intensive,  increas- 
ingly expensive,  destructive  to  the  eco- 
systems they  supplant,  and  surrounding 
ecosystems  as  well. 

Integrating  agriculture  with  other 
urban  activities  can  help  solve  many 
urban  problems.   Using  reclaimed  nutri- 
ents and  water  from  sewage  for  soil 
fertility  and  irrigation  reduces  water 
pollution  and  imported  water  demand. 
Recycling  of  organic  wastes  into  compost 
also  helps  save  valuable  canyons  from 
becoming  landfills.   Employment  oportun- 
ities  are  created  near  population  cen- 
ters, food  requires  less  transportation, 
processing,  storage,  etc.,  all  of  which 
saves  energy  and  reduces  costs. 


Energy 

Sunlight  is  the  energy  that  sustains 
all  ecosystems.   Properly  developed  it 
can  drive  the  machinery  of  urban  indus- 
trial society,  replace  fossil  fuels  and 
nuclear  power,  and  improve  the  quality 


of  life.   Developed  improperly  it  can  b< 
as  destructive  to  ecosystems  as  strip 
mining.   Large  energy  "plantations"  of 
windmills,  biomass  farms,  or  solar  col- 
lectors have  the  same  limitations  as 
monoculture  agriculture.   Sited  far  fror 
population  centers  they  lose  efficiency 
and  require  new  transmission  facilities, 


A  decentralized,  diversified  solar 
energy  program  including  liquid,  gas- 
eous and  solid  fuels  from  biomass,  wind 
and  the  direct  use  of  the  sun  can  be 
located  near  urban  areas  to  provide 
safe,  clean,  dependable  energy,  jobs, 
and  a  healthier  environment. 


Industry 


Sic 
wJ 
ss 
Ca 
iCa 
m 

HS 

ns 

IB 

ifi: 


Industrial  production  should  be  gear- 
ed to  the  use  of  local  materials,  ener- 
gy, and  labor.   Product  utility,  longev-jjj 
ity,  and  racyclability,  and  the  health 
effects  on  workers  and  users  must  be 
given  high  priority.   Any  toxic  by- 
products of  manufacture  must  be  kept 
within  the  production  facility  for 
reclamation  and  reuse.   The  true  social [i{ 
and  environmental  costs  of  production 
must  be  borne  by  the  industry,  and  not 
externalized  as  waste,  pollution,  and 
disease. 


Summary  and  Conclusion 

A  healthy  ecosystem  provides  the 
guidelines  for  its  own  management,  and 
the  keys  to  improving  the  conditions  of 
human  life  as  well.   The  need  for  a 
healthy  "environment"  and  the  need  of 
the  World's  people  for  adequate  food, 
shelter,  health  care,  and  personal  ful- 
fillment are  not  exclusive  needs,  but 
are  one  in  the  same. 
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le  Effects  of  Ryegrass  on  Erosion  and 
itural  Vegetation  Recovery  After  Fire^ 

ayton  R.  Gautier^ 


intercept  rainfall  (Figure  1).   Seeding,  however, 
also  substantially  increased  shrub  seedling 
mortality  (from  59  percent  in  controls  to  91 
percent  in  seeded  treatments)  and  apparently 
reduced  end-of-season  cover  of  resprouting  shrubs 
in  north  facing  plots  (Table  1) . 


Excessive  transport  of  sediments  from  recently 
rned  chaparral  watersheds  during  intense  winter 
orms  has  long  been  a  serious  problem  in  south- 
n  California.   As  part  of  a  state-wide  program, 
e  California  Department  of  Forestry  and  other 
vernment  agencies  have  been  seeding  burned 
tersheds  with  fast-growing  annual  plants  since 
56  to  reduce  sediment  yields  during  floods, 
e  assumption  behind  the  "emergency  revegetation" 
ogram  has  been  that  increasing  plant  cover  in 
e  first  few  years  after  fire  reduces  hillslope 
osion  rates  and,  hence,  the  quantity  of  material 
ailable  for  sediment  discharge.   Few  quantita- 
ve  data  exist,  however,  to  support  this 
sumption  and  there  is  doubt  that  seeding  is 
fective  enough  to  justify  its  cost.   Moreover, 
ere  is  concern  that  seeding  burns  may  increase 
llslope  erosion  later  in  the  fire  cycle  by 
tarding  the  recovery  of  the  native  shrub  vege- 
tion.   The  purpose  of  this  study  was  to 
termine  whether  seeding  annual  ryegrass  (Lolium 
Itif lorum) ,  the  most  commonly  used  species, 

reduces  erosion  rates  in  the  first  year  after 
re,  and  b)  Interferes  with  the  post-burn 
covery  of  the  native  vegetation  sufficiently  to 
tard  reestablishment  of  native  plant  cover. 

The  study  was  performed  in  southwestern  San 
ego  County  within  a  recent  (1979)  burn, 
asurements  of  rainfall,  erosion  and  the  vegeta- 
on  were  taken  throughout  the  1979-1980  growing 
ason  in  4  large  experimental  plots  (half  seeded 
th  ryegrass  at  the  standard  8  lb/acre  rate  and 
If  left  unseeded)  located  within  the  burn. 

Because  of  above-average  rainfall  and  generally 
ol  climatic  conditions  at  the  study  site,  rye- 
ass  establishment  was  axcellent.  End  of  season 
ver  in  the  seeded  treatments  of  the  4  experimen- 
1  plots  (comprised  almost  completely  of  ryegrass) 
nged  from  39  to  86  percent.  In  controls,  end  of 
ason  cover  was  substantially  less,  ranging  from 

to  35  percent.   High  cover  values  in  seeded 
eatments  (both  early  and  late  in  the  season) 
parently  reduced  hillslope  erosion.   Mean  soil 
rface  displacement  (measured  with  an  erosion 
idge)  was  consistently  lower  in  seeded  treat- 
nts  than  in  controls  once  ryegrass  plants  grew 

a  sufficient  size  (late  February)  to 


Presented  at  the  Symposium  on  Dynamics  and 
tiagement  of  Mediterranean- type  Ecosystems,  June 
—26,  1981,  San  Diego,  California. 

2 
San  Diego  State  University,  Dept.  of  Biology, 

1  Diego,  Calif. 


Table  1.   Shrub  resprout  cover.   Asterisks  indi- 
cate statistically  significant  differences  (P>'.01) 
from  control  values. 


Aspect 


North 
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Plot 


Cover  (percent) 
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Figure  1.   Soil  surface  displacement  averaged 
(without  considering  sign)  over  all  plots. 
Vertical  bars  approximate  2  standard  errors.  Rain- 
fall occurring  during  each  interval  is  shown  above. 


Although  ryegrass  seeding  seems  to  be  able  to 
reduce  hillslope  erosion  in  the  first  year  after 
fire  if  climate  conditions  are  conducive  to  rye- 
grass establishment  and  growth,  this  early  post- 
burn  erosion  control  may  be  obtained  only  by 
sacrificing  control  of  future  long-term  hillslope 
erosion.   Reducing  shrub  seedling  density  and 
slowing  the  recovery  of  resprouting  shrubs  will 
retard  the  reestablishment  of  native  plant  cover 
after  fire.   Loss  of  shrub  seedlings  may  be 
especially  important  since  they  contribute  greatly 
towards  rapid  recovery  of  the  shrub  canopy  even 
though  many  may  be  eliminated  from  the  stand 
through  thinning.   Because  there  is  a  reciprocal 
relationship  between  cover  and  erosion  rates 
(documented  in  this  study  and  elsewhere) ,  slowing 
the  recovery  of  shrub  cover  will  almost  certainly 
result  in  increased  erosion  rates  once  ryegrass 
disappears  from  the  vegetation  (2 — 3  years). 
Increasing  erosion  rates  during  the  interval 
beginning  a  few  years  after  fire  and  ending  with 
canopy  closure  (or  another  fire)  would  be  counter- 
productive from  an  erosion  management  point  of 
view  since  all  hillslope  erosion  occurring  through- 
out the  fire  cycle  contributes  to  the  size  of 
sediment  loads  discharged  during  floods. 
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Insect  Herbivory  and  Polyphenols  in  Three 
Mediterranean-Type  Ecosystems' 

J.  p.  Glyphis  and  G.  M.  Puttick^ 


Some  recent  tropical  ecological  studies  have 
suggested  that  forest  vegetation  growing  on  low- 
nutrient  substrates  contains  high  levels  of 
digestibility-reducing  "defensive"  compounds. 
Theoretically,  a  plant  drawing  nitrogen  from  a 
very  low-level  nutrient  pool  should  conserve  this 
nitrogen  in  some  way.    This  could  be  achieved, 
for  example, by  lowering  the  dietary  quality  for 
primary  consumers.    Mediterranean-type  ecosystems 
with  their  characteristic  low  soil  nutrient  status 
are  interesting  from  this  point  of  view.    We 
therefore  examined  a  range  of  plants  in  three 
mediterranean-type  shrublands  for  total  poly- 
phenols and  insect  herbivory. 
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Our  data  show  a  clear  relationship  between  soi 
nitrogen  and  plant  polyphenol  levels  in  South 
Africa,  France  and  California  (Table  1).    Insect 
herbivory  correlates  significantly  with  plant 
polyphenol  levels  in  South  Africa  (r  =  -0.64, 
p  <  0.01,  n  =  20)  but  not  in  France  (  r  =  -0.37, 
p  >  0.1,  n  =  16).    The  relationship  between 
insect  herbivory  and  plant  "quality"  is  certainly 
also  dependent  on  other  factors  such  as  leaf 
nitrogen  and  phosphorus,  fibre  and  moisture 
content.    We  are  currently  testing  these  for 
their  possible  effects  on  herbivory. 


Table  1.  Soil  nitrogen(%) ,  soil  C:N  ratios,  anc 
total  polyphenols (mg/g  fresh  weight  Tannic  acid 
equivalents)  in  plant  species  collected  at  the  en 
of  the  growing  season  in  South  Africa,  France  anc 
California. 


Plant 
Polyphenols 


Mean   S.D.   n 


Soil 
Nitrogen 


Soil 
C:N 


Strandveld   117.9   76.1   13    0.013    21.1 
(South  Africa) 


Maquis 
(France) 

Garrigue 
(France) 

Chaparral 
(California) 


56.9   21.6   12    0.330    18.0 


54.8   15.0   25    0.320    14.7 


52.2   19.0   17    0.300 


1.9 
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jndscape  Analysis  and  Ecosystems 
anagement  at  Portola  Valley  Ranch^ 


ncy  M.  Hardesty" 


Portola  Valley  Ranch  is  a  450-acre  planned 
it  development  of  200  homes  designed  around  a 
gnificent  hilly  oak  woodland  site  with  spectacu- 
r  views  of  San  Francisco  Bay  and  coastal  moun- 
ins .   Because  many  nearby  towns  have  undermined 
eir  oak  woodland  heritage  with  insensitive  de- 
lopment,  the  Town  of  Portola  Valley  enforces 
ringent  environmental  standards  to  protect  its 
tural  wealth.   Portola  Valley  Ranch  exceeds 
wn  standards  in  preservation  of  native  vegeta- 
on  and  strict  use  of  native  plants  for  land- 
aping. 

Landscape  analysis  and  design  criteria  for 
le  project  involve    1)  preservation  and  perpetu- 
ion  of  existing  oak  woodland,  2)  preservation 
id  perpetuation  of  existing  watersheds  and  natu- 
.1  drainage  patterns,  3)  open  space  analysis  for 
ass  land  and  native  oak  maintenance  and  fire 
.nagement ,  and  4)  visual  resource  inventory. 

Site  vegetation  consists  of  a  250-acre  ridge 
■  dense  oak-madrone  woodland,  permanently  dedi- 
ted  to  open  space,  and  200  acres  of  "monarch 
ks"  and  rolling  grassy  hills  with  fingers  of 
k  woodland.   Six  types  of  California  native  oaks 
;ist  on  the  site:   Quercus  agrifolia,  Q.  chryso- 
pis ,  Q.  wislizenii,  Q.  kelloggii,  Q.  douglasii 
.d  Q.  lobata.   An  oak  chart  developed  to  study 
ese    oaks  summarizes  habit,  habitat,  character, 
ological  niche,  landscape  use  and  fire  tolerance. 

Oak  management  guidelines  outline  procedures 
r    1)  field  assessment  of  individual  oaks,  2) 
nstruction  and  landscape  planting  near  existing 
ks ,  3)  watering  of  existing  oaks,  4)  planting 

new  oaks,  and  5)  contract  growing  of  plant 
terials.   Oak  analysis,  management  and  design 
idelines  have  been  adapted  into  "Nature  Notes" 
r  distribution  to  project  homeowners  on  such 
bjects  as  acorn  planting  and  plant  communities. 

Watershed  and  watercourse  preservation  and 
nagement  are  equally  as  significant  as  oak  wood- 
nd  preservation  in  this  drought  vulnerable 
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location.   An  early  project  design  and  engineering 
team  decided  against  storm  sewers  which  would 
carry  runoff  away  from  native  oaks  and  down  into 
the  San  Francisco  Bay.   Later,  watershed  manage- 
ment guidelines  were  compiled  to  achieve  these 
goals:   1)  maintenance  of  natural  watercourses, 

2)  storage  of  water  in  ponds,  ditches,  creeks, 

3)  design  of  subdivision  drainage  systems  to 
direct  water  into  existing  drainage  channels. 

Design  guidelines  for  watercourse  preservation 
suggest    1)  curb  less  roads,  minimal  non-absorp- 
tive pavement  and  minimal  compaction  to  help 
recharge  ground  water,  2)  tree  preservation, 
erosion  control  seeding,  native  plant  landscaping 
and  mulching  to  help  stabilize  slopes  for  water 
and  soil  retention,  3)  on-site  drainage  swales 
controlled  with  storm  water  dispersers,  mini-dams 
and  wattling.   Wattling  bundles  of  live,  native 
riparian  twigs  are  buried  in  trenches  in  project 
drainage  swales,  creeks  and  ponds;  installation 
in  December  takes  full  advantage  of  California 
winter  rains  for  optimal  soil  moisture  and  rooting 
conditions.   Wattling  field  days,  under  the  super- 
vision of  the  landscape  architect,  have  involved 
both  project  staff  and  homeowners. 

Landscape  analysis  and  ecosystems  management 
at  Portola  Valley  Ranch  have  enabled  builder, 
homeowners  and  townspeople  to  develop,  use  and 
appreciate  this  unique  site.   Equally  important, 
guidelines,  concepts  and  techniques  developed  for 
the  project  are  now  part  of  town  policy  and  home- 
owner land  management  programs 


Oaks: 


Quercus  agrifolia 
Q.  chrysolepis 
Q.  wislizenii 
Q.  kelloggii 
Q.  douglasii 
Q.  lobata 


Other  common 

shrubs  and  trees: 

Ceanothus,  Manzanita, 

Buckeye,  Toyon,  Coffeeberry,  Holly  leaf  Cherry,  Bay,  Madrone 

ECOLOGICAL  ZONE  FUNCTIONS: 

1.  Watershed  recharge  (east-facing  slopes). 

2.  Maintenance  of  water  quality. 

3.  Nutrient  recycling. 

4.  Growth  processes  filter  air  pollutants. 

DESIGN  GUIDELINES: 

1.  Require  native  plants  for  species  preservation. 

2.  Establish  open  space  corridor/fire  breaks  between  trees: 
30-50'  corridors  required,  as  roads,  trails,  easements. 

3.  Plant  placement/ fue 1  management  under  oaks: 

a.  Avoid  medium  story  woody  fire  ladder  plants. 

b.  Avoid  vertical  and/or  resinous  planes  (including  pines). 

c.  Avoid  resinous  ground  cover  plants  near  low  branching  trees 

d.  Limit  lawns  near  oaks  to  drought  tolerant  grass  mixes. 

TOWN  IMPACT: 
Fire  protection  of  heritage  oaks. 

MAINTENANCE  SUGGESTIONS : 
Monitor  tree  pruning  to  avoid  fuel  loading. 


Figure  l--Foothill  Oak  Woodland  Fire  Management 
Design  Criteria 
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Photosynthesis  and  Water  Relations  of  Mature 
and  Resprout  Chaparral  Vegetation^ 


Steven  J.  Hastings  and  Walter  C.  Oechel^ 


Photosynthesis      leaf   conductance,    and    water 
potential    were   measured    in    the    field    over    time, 
on    mature    (ca        34    years)    aid    resprouts    of 
Arc t ost aphy los    glandulosa   Eastw        Quercus    dumosa 
Nut  t  .  .    and    Aden ost  oma    f asc  icuiat urn  H      &   A    .       The 
experimental    site    is    within    the    U.S.    Forest 
Service's   Laguna-Moren a   Demonstration    area   of    the 
Cleveland    National    Forest    in    southern    California 
U.S.A..    78    kilometers    east    of    the    coast    of    San 
Diego,    Calif.       It     is    characterized    as    a  mixed 
chaparral    community    located    on    an    east-facing 
slope    at    ca.    1400-meter   elevation.      Plots    of    the 
mature    vegetation    were   marked    off    (250  meters 
wide,    675    meters    long)    and    the    aboveground 
biotnass    removed    by   either    handclearing    or 
controlled    burning         Measurements   were    typically 
made    from    sunrise    to    sunset  .       A  null    balance 
porometer,    Sholander    pressure    bomb,    and   carbon- 14 
dioxide    were    utilized    to   measure    leaf 
conductance,    water    potential,    and    carbon    dioxide 
uptake,    respectively. 

Water    potentials    in    mature    vegetation 
exhibited    a    similar    seasonal    pattern    among 
species,    decreasing    from    a   maximum   value    during 
May-June    to   minimum   values    during 
October   November.       However,    water    potentials    in 
the    resprouts    (due    to    fire    and    handc  tear  in  g )    were 
significantly   higher    than     in    the   mature 
vegetation    throughout     the    duration    of    the    seaonal 
drought     typical    of    chaparral- type    ecosystems.       It 
was   concluded    that    a    reduction     in    the    aboveground 
biomass    due    to    top    removal    decreased    the 
transpiration    surfaces    of    the    resprouts.    thereby 
decreasing   water    loss    and    increasing   water 
pot  en  t  i  al s  . 

In    June,    maximum   phot  osyiit  het  ic    rates    by 
resprouts    due    to    fire    were     5,    2.5    and    3     times 
greater    than    mature    species    of    A.     f asc icu I  at  urn , 
Q^.    dumosa,    and    A.    glandulosa ,    respectively. 
These    differences    diminished    with    time    until    bum 
resprouts    and   mature    rates    were    equal     in    August 
and    September    for    A.     fasc  icu  latum    and 
A.    gl andu losa .       However,     in    November    their    rates 
had    increaed    until    bum     resprouts    of 
A.     fasc  icul atum   were    3    times    greater    than    the 
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mature,    while    in    A.    glandulosa    they   were    5    times 
greater.      The    phot osyn thet ic    rates   of    the   mature 
plants    either   decreased    or    remained   constant 
throughout    the    duration    of    the    drought.      As 
mentioned    earlier,    water    stress    was   not    a    factor 
for    the    resprouts    aid    does  not    explain    the 
observed    depression    in    phot osyn thet ic    rates 
during    the    drought    period.      Phot osyn t het ic    rates 
of  0.    dumosa   post-fire    resprouts    were    less    than 
the   mature    vegetation    for   most    of    the    drought. 
This    is    attributed    to    an     infestation    of    powdery 
mildew   (Sphaerot heca    lanestris)    which    resulted    i 
dieback   of   many   of    the    shoots    of    the    post  fire 
resprout  s . 

Leaf   conductance    values   were    low   and 
relatively   constant     in    mature    A.    fasciculatum   an 
A.    glandulosa    during    the    drought,    while    in    matui 
0.    dumosa    and    all    species    of    resprouts    studied 
leaf   conductance    values   were   higher    and   more 
variable.       It    appears    that    at    higher   water 
potentials,    additional     factors    interact    with    a 
plants    tissue    water    status    in    controlling 
stomatal    behavior. 

Lower   water    stress    alone    cannot    explain    the 
higher    rates    of    photosynthesis    in    bum    resprout! 
of   A.    fasciculatum   and   A.    glandulosa   versus 
mature    plants.       If    this   was    the   case,    one   would 
have    predicted    similar    phot osyn thet ic    rates    in 
the    two    field   mai  ipu lat ion s .      The    resprouts    due 
to   hand   clearing   generally   exhibited    rates 
similar    to    the   mature    vegetation,    while    the 
post  fire    resprouts    showed    higher    rates    of 
photosynthesis.       It     is    hypothesized    that    the 
higher    rates    are    due    to   nutrient    enhancement, 
primarily    as   nitrogen     in    the    ash    resulting    from 
the    burning   of    the    aboveground    biomass. 
Measurements    of    soil    nutrients    before    aid    after 
the   controlled    bum    revealed    a    10-fold    increase 
in    soil    ammonia-nitrogen.      Table    1    presents    dat« 
collected    in    June    and    October    for    the    various 
treatments    aid    species. 
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BCO.*g  dry  vt.~  •&'  ),  eoadnctuica 
r.   Sara)   la  A.    faaclailatia  (A.f.). 


A.   glandoloaa  (A.g.)  and  ^.   dawaa   (Q.d.)   la  aatur*   (I)   and 
raaprouca  after  flra  (2)  and  band-claarlng  (3). 
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COKI. 

Jtffl*        Oec. 

JlOM 

r 

Oec. 

*.(. 

6.0 
33.0 
6.3 

3.5 

U.5 
2.4 

0.178 
0.461 
0.361 

0.120 
0.337 
0.258 

-12.1 

-  5.2 

-  9.2 

-57.0 
-24.3 
-29.3 

A.». 

4.4 
12.1 
10.5 

1.3 
3.9 
1.6 

0.207 
0.114 
0.101 

0.219 
0.685 
0.376 

-16.0 
-U.8 
-18.3 

-56.3 

-18.2 
-19.7 

Q.d. 

4.3 
10.3 
6.6 

2.8 
2.3 
6.5 

0.093 
0.283 
0.309 

0.512 
0.500 
1.372 

-12.8 

-  5.5 

-  4.1 

-34.7 
-12.3 
-U.2 
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egetation  Dynamics  of  a  California  island' 


izabeth  Hobbs- 


Vegetation  change  between  1929  and  1970, 
1  terms  of  increase  or  decrease  in  foliar 
)ver  of  woody  vegetation,  was  mapped 
'om  air  photos  for  a  portion  of  Santa 
'uz  Island,  California  (fig.  l)o3   The 
igetation  of  this  area  includes  forests 
'  Bishop  pine  (Pinus  muricata)  as  well 
!  chaparral  and  groves  of  ironwood 
jyonothamnus  f  loribundus ) . 

Cattle,  horses,  sheep  and  pigs  were 
'ought  to  the  island  in  1853*   Since 
lat  time,  the  sheep  and  pigs  have  become 
iral.   Their  effects  are  clearly  seen  on 
le  landscape.   Dead  logs,  branches,  and 
Lags  provide  evidence  of  the  former 
Igetation.   Exposed  roots  of  trees  and 
irubs  suggest  significant  loss  of  top- 
lil.   For  this  portion  of  the  island 
lere  is  no  record  of  forest  or  brush 
.res  having  occurred  within  historic 
me.   Vegetation  loss  has  apparently  been 
.used  exclusively  by  grazing,  trampling, 
id  undermining  of  roots  by  erosion. 

Fences  were  erected  in  the  late  1950's. 
eep  removal  from  the  fenced  areas  had 
riable  success o   Vegetation  recovery 

areas  where  sheep  removal  was  success- 
1  resulted  in  striking  contrasts  between 
getation  at  fencelines.   Since  the 
fective  removal  of  sheep  from  Christy 
,nyon ,  the  Bishop  pine  forest  has 
.creased  in  cover,  largely  due  to  better 
edling  survival.   Based  on  size  and  age 
.ta  collected  in  1977-78,  it  is  estimated 
.at  most  of  the  trees  in  this  forest  are 
ss  than  thirty  years  old  (Hobbs  1978). 
.  contrast,  the  pine  population  on  Sierra 
anca  and  Ragged  Mountain  is  in  serious 
cline,  and  the  slopes  of  these  mountains 
■e  almost  completely  bare. 


1 
Presented  at  the  Symposium  on  Dynamics 

d  Management  of  Mediterranean-type 

osystems,  June  22-26,  I98I,  San  Diego, 

lif ornia. 


Increase  in  cover 
of  woody  vegetation 

Decrease  in  cover 
of  woody  vegetation 


No  change  in  cover 
of  woody  vegetation 


Fences,   erected  in 

the  late  1950's 


t 

N 


10     0  50 

THOUSAND    FEET 


Figure  1 — Vegetation  Change:  1929  to  1970, 
portion  of  Santa  Cruz  Island,  California. 


Graduate  Student,  Department  of 
ography,  University  of  California, 
s  Angeles,  Calif. 

-^Black  and  white  air  photos,  Fairchild 
llection,  Whittier  College,  1929. 
20,000  and  color  infrared  air  photos, 
ography  Department,  UCLA,  1970,  1:20,000, 


LITERATURE  CITED 

Hobbs,  Elizabeth  R.   The  effects  of  feral 
sheep  grazing  on  Bishop  pine  (Pinus 
muricata )  forests,  Santa  Cruz  Island, 
California.   Los  Angeles,  Calif.: 
University  of  California,  M.A.  Thesis; 
1978.   61  p. 


Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
riment  Station,  Forest  Service.  U.S.  Department  of  Agriculture;  1982. 


603 


The  Effect  of  Fuel  Management  on  Nutrients  in 
a  Chaparral  Ecosystem^ 


Table  1--Pretreatment  nutrient  pool  sizes 


David  Y.  Hollinger^ 


The  effects  of  3  fuel  management  techniques  on 
the  nitrogen,  phosphorus,  potassium  and  magnesium 
pools  of  a  chaparral  ecosystem  were  studied.  The 
study  site  was  located  at  an  elevation  of  480  m 
in  Foothills  Park  in  the  Santa  Cruz  mountains, 
approximately  42  km  SE  of  San  Francisco.  Annual 
precipitation  at  the  site  averages  somewhat  more 
than  500  mm.  Stand  age  was  42  years. 

Treatments  were  carried  out  on  plots  varying  in 
size  between  50  and  200  square  meters  in  December 
of  1979  and  January  of  1980.  These  consisted  of 
prescribed  burning,  mechanical  chopping  (vegetation 
chopped  to  pieces  less  than  15  cm  and  left  in 
place)  and  hand  clearing  (vegetation  removed). 
Adjacent  plots  were  left  as  controls.  Plots  were 
sampled  in  6  to  10  locations  per  plot  just  before 
and  after  treatments  and  again  at  the  end  of  the 
rainy  season.  Total  nitrogen  was  determined  by  the 
micro-Kjeldahl  method,  and  total  phosphorus  by  the 
molybdate  method.  Potassium  and  magnesium  were 
determined  by  atomic  absorption  spectrophotometry 
of  perchloric  acid  digests. 

Harvest  measurements  of  a  100  square  meter  plot 
indicated  a  total  standing  biomass  of  approximately 
41,000  kg  /ha.  Pretreatment  litter  mass  was  com- 
parable at  about  40,000  kg  /ha.  Pretreatment  pool 
sizes  of  the  various  nutrients  are  shown  in  table  1. 

The  prescribed  burning  led  to  a  reduction  in 
biomass  of  approximately  35  percent  and  a  reduction 
in  litter  mass  by  about  15  percent.  Approximately 
270  kg  /ha  N  moved  out  of  the  vegetation  and  litter 
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Compartment 


Vegetation 

237 

Litter 

554 

Soil 

0-5  cm 

1102 

5-10  cm 

811 

10-15  cm 

776 

Total  N  Total  P  Total  K  Total  M 


Kilograms/hectare 


34 
68 

291 
362 
344 


155 

397 

4680 
5060 
5200 


57 
383 

4720 
5870 
5570 


*-L 


ta 


w 
lies 


pools;  of  this  perhaps  50  kg  /ha  moved  to  the 
deeper  soil  layers  while  the  remainder  (about  6. 
percent  of  total  N  in  vegetation,  litter  and  soi 
to  15  cm  )  was  lost.  About  48  percent  of  the  P 
the  vegetation  (16  kg  /ha  )  moved  to  the  litter  B'*' 
and  deeper  soil  layers.  This  is  only  about  1.5 
percent  of  the  system  total  P,  although  it  may 
represent  a  much  greater  proportion  of  the  ex- 
changeable P  in  the  system.  Values  for  K  and  Mq 
were  69  kg/ha  and  32  kg/ha  respectively.  Mech- 
anical chopoinq  led  to  an  initial  doubling  of 
litter  biomass.  N,  P,  K  and  Mg  were  conserved 
with  little  loss  from  the  system  by  the  end  of  tl 
season.  At  that  time  approximately  25  percent  o 
the  chopped  biomass  had  decomposed,  releasing  be 
tween  40  and  60  percent  of  the  various  nutrients 
Hand  clearing  led  to  a  loss  of  all  of  the  standi 
biomass.  Nutrients  lost  included  approximately 
6.8  percent  of  the  total  system  N,  3.1  percent 
total  system  P,  and  1  percent  or  less  total  systi 
K  and  Mg. 


Fuel  managers  should  be  aware  that  hand  clear 
leads  to  the  loss  of  system  nutrients  and  can  re 
suit  in  decreased  site  fertility.  Burning  can  n 
suit  in  overall  system  nitroqen  loss  but  initial 
releases  N  and  other  minerals,  temporarily  incre 
ing  site  fertility.  N  fixers  such  as  Lotus  spp. 
tend  to  restore  system  N.  Site  fertility  and  pn 
ductivity  could  conceivably  be  controlled  by 
selectively  encouraging  or  eliminating  these 
species.  Mechanical  chopping  appears  to  maintait 
site  fertility  but  may  result  in  an  increase  in 
importance  of  soecies  adanted  to  the  slower  nutr 
ent  mineralization  rates. 

Acknowledgments:  I  wish  to  thank  the  Rangers 
Foothills  Park  and  other  employees  of  Palo  Alto, 
Ca.  for  their  assistance  in  this  project.  Fundii 
was  provided  by  the  city  of  Palo  Alto. 
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le  Effects  of  Photosynthesis  and  Water 
jiations  on  Plant  Distribution^ 


mes  L.J.  Houpis'^ 


The  adaptive  responses  of  photosynthesis  to  the 
nronment  can  be  translated  into  Increasing 
rbon  assimilation.  This  increases  energy  and 
nbon,  and  thus  increases  competitive  ability 
i  vegetation  cover.  However,  the  effects  of 
rbon  gain  are  moderated  by  controls  of  water 
3S.  Thus,  seasonal  photosynthetic  rates  in  con- 
ictlon  with  a  water  use  efficiency  ratio  should 

correlated  with  species  distribution.  This 
j.dy  was  to  investigate  this  premise  in  relation 

the  present  distribution  of  four  chaparral 
?cies.  The  four  species  studied  and  their  assoc- 
:ed  percentage  of  cover  (at  the  elevation  of  800 

1000  m  in  San  Diego  County)  are  Adenostoma 
sciculatum  (66  percent),  Arctostaphylos  glauca 
2 . 7  percent ) ,  Ceanothus  greggii  (15.8  percent ) , 
i  Rhus  ovata  (5.6  percentT^ 

To  determine  the  thermal  and  light  dependance 
photosynthesis  and  water  use,  in  situ,  gas  ex- 
mge  analysis  in  conjunction  with  Vaisala 
nidity  Sensors  was  used.  Sarrpllng  was  conducted 
r'ing  four  measurement  periods  (fall,  winter, 
r'lng,  and  summer)  using  six  replicates  of  each 
;cies.  It  should  be  noted  that  the  species  were 
isured  sequentially  rather  than  concurrently. 

Since  it  was  Inpossible  to  constantly  measure 
Dtosynthetic  rates  for  all  four  species  through- 
;  the  year,  two  indirect  methods  were  developed 

characterize  seasonal  photosynthetic  traits  that 

1  be  correlated  to  plant  distribution.  The  first 

3  the  thermal  acclimation  potential  ratio,  hence- 
?th  referred  to  as  TAPR.  This  Indirect  index  of 
3limation  is  used  because  the  acclimation  of 
Dtosynthesis  among  the  four  species  is  not  direct- 
conparable  due  to  different  sampling  periods  for 
rferent  species.  The  index  is  the  ratio  of  the 
ange  in  the  photosynthetic  thennal  optimum 
:ween  two  contrasting  measurement  periods,  to  the 
inge  In  mean  dally  tenperature  (corresponding  to 

2  months  in  which  the  photosynthetic  data  was 
Llected).  The  resulting  TAPR  are  A.  fasciculatum 
:h  ^43. 2  percent,  C^  greggii  with  3^.8  percent, 

glauca  with  29  percent ,  and  Rj_  ovata  with  22 . 4 
/■cent . 
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The  second  method  involved  an  empirical  model 
in  which  yearly  photosynthetic  rates  were  estimated. 
The  model  estimated  yearly  photosynthetic  rates  for 
A.  fasciculatum  with  72 . 3  g  COp  dm~^  yr-1 , 
C.  greggii  with  40.6  g  CO2  dm-2  ,yr-l,  A^  glauca 
with  29.2  g  cop  dm-2  yr-1,  and  R^  ovata  with 
28.3  g  CO2  dm-2  yr-1.  Although  the  orders  of  both 
TAPR  and  yearly  photosynthesis  are  indicative  of 
cover,  the  magnitudes  of  rates  are  not  on  the  same 
order  as  the  percentage  of  cover  would  indicate. 

Water  use  efficiency  was  calculated  to  further 
understand  the  percent  distribution  (in  this  case 
water  use  efficiency  is  the  ratio  of  transfer 
resistance  of  water  to  that  of  carbon) .  It  was 
shown  that  throughout  the  year  A.  glauca  had  a 
higher  WUE  than  any  other  species.  This  most  likely 
would  account  for  the  fact  that  the  percentage  of 
cover  of  A^  glauca  is  closer  to  that  of  Cj_  greggii 
(and  higher  than  R^  ovata)  than  the  photosynthetic 
rates  alone  would  indicate.  A_^  fasciculatum  had  a 
lower  WUE  in  the  winter  than  the  other  three 
species,  but  a  higher  WUE  in  the  summer  than  two 
of  the  species.  This  strategy  effectively  elimi- 
nates these  species  from  the  more  xeric  habitats 
that  are  associated  with  a  higher  percentage  of 
cover  of  A_^  fasciculatum. 

If  photosynthesis  and  WUE  traits  play  an  inpor- 
tant  role  in  determining  plant  distribution,  one 
would  expect  A_^  fasciculatum  to  occur  in  the  more 
xeric  habitats.  There  are  two  main  reasons  for  this. 
First ,  Aj_  fasciculatum  has  a  substantially  higher 
photosynthetic  rate  than  the  other  species,  but 
lower  above-ground  tissue.  Thus,  it  can  be  assumed 
that  a  greater  percentage  of  A^  fasciculatum 's 
photosynthate ,  as  compared  to  the  other  species, 
is  being  allocated  to  the  roots.  Secondly,  with 
A.  fasciculatum 's  low  WUE  in  the  winter  months,  it 
Is  effectively  lowering  soil  moisture  and  the  water 
table,  thus  making  water  Increasingly  unavailable 
to  competitors  of  A^  fasciculatum.  A.  fasciculatum 
adapts  to  this  situation  by  increasing  its  WUE  in 
the  summer.  These  factors  make  A^  fasciculatum  a 
superior  conpetltor  in  the  xeric  habitats.  However, 
because  of  its  short  stature,  it  is  a  poor  conpet- 
ltor in  the  raesic,  more  closed  canopy  habitats, due 
to  light  limitations.  In  the  mesic  habitats, 
neither  A^  glauca  nor  C_^  greggii  should  be  favored 
in  percent  cover  because  neither  predominates  over 
the  other  in  both  photosynthesis  and  WUE.  R^  ovata 
has  a  low  WUE  and  photosynthetic  rates,  and  would 
be  unable  to  avoid  drought  to  any  great  extent 
through  root  development  or  physiological  responses 
to  water  stress.  Therefore,  one  would  expect 
R.  ovata  to  occupy  areas  where  moisture  tends  to 
collect  (eg.  rock  crevices,  slope  bottoms). 

This  scenario  is  what  Is  observed  in  the  field. 
Thus,  from  this  preliminary  study,  it  can  be 
concluded  that  both  photosynthetic  rates  and 
water  use  efficiency  are  playing  an  interactive 
role  in  determining  the  present  distribution  of 
these  chaparral  species. 
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Variation  in  Acorn  and  Seedling 
Cliaracteristics  of  Two  California  Oaks^ 


Serena  C.  Hunter  and  Robert  Van  Doren^ 


Variation  within  and  among  plant 
caused  by  the  genetic  makeup  of  the 
their  environment.  Patterns  of  var 
indicative  of  evolutionary  trends  a 
man  in  his  use  of  the  species.  Two 
initiated  in  1980  to  get  some  idea 
amount  and  distribution  of  natural 
within  two  oak  species.  Que reus  kel 
Quercus  agrif olia,  in  southern  Cali 
findings  of  these  pilot  studies  wil 
direct  the  design,  emphasis,  and  sc 
investigations . 


species  is 
plants  and  by 
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studies  were 

about  the 
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PROCEDURE 

Acorns  were  collected  around  the  first  of 
October  from  11  (^.  kel loggii  mother  trees  distrib- 
uted among  3  stands  on  the  San  Bernardino  National 
Forest.   The  stands  were  at  elevations  ranging 
from  4500  to  6300  ft.   Measurements  were  taken  on 
10  acorns  from  each  mother  tree  to  determine  acorn 
shape,  size,  dry  weight,  and  moisture  content. 
Thirty  acorns  from  each  tree  were  stratified  for 
70  days  at  35°  F  and  then  germinated  in  separate  3- 
by -3- by- 14-inch  pots  in  a  greenhouse.   Top  emer- 
gence rates  and  height  growth  were  monitored  for  5 
months.   A  similar  procedure  was  followed  with 
acorns  from  eight  mother  trees  distributed  between 
two  i^.    agrif  olia  stands  at  elevations  of  3200  and 
3400  ft.   Their  acorns  were  collected  during  the 
last  10  days  of  October  and  stratified  for  45 
days. 


Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22-26,  1981,  San  Diego,  California. 

2 
Research  torester  and  Physical  Science  Tech- 
nician, respectively.  Pacific  Southwest  Forest  and 
Range  Experiment  Station,  Forest  Service,  U.S. 
Department  of  Agriculture,  Riverside,  Calif. 


606 


RESULTS 

_Q.  kel  loggii 

Results  for  the  Q.  kel loggii  samples  indicate 
significant  differences  in  acorn  lengths  and  in 
acorn  dry  weights  among  mother  trees.   However, 
acorns  from  the  same  tree  appeared  to  be  very 
similar  in  size,  shape,  and  weight.   Percent 
emergence  and  time  to  emergence  varied  within  an 
among  stands.   Five  months  after  planting,  emer- 
gence of  acorns  from  the  11  mother  trees  ranged 
from  20  to  93  percent.   In  general,  emergence  wa 
poorer  for  acorns  with  higher  moisture  contents. 
Average  acorn  moisture  content  for  the  11  mother 
trees  ranged  from  37  to  66  percent.   In  spite  of 
later  collection  date,  acorns  from  the  high  elev 
tion  stand  showed  the  highest  moisture  contents, 
slowest  germination  rates,  and  produced  the  fewe 
seedlings. 


Seedling  height  at  5  months  also  varied  by 
mother  tree.   For  progeny  from  the  11  mother 
trees,  average  height  ranged  from  4.7  cm  to  7.9 
cm.   Height  growth  of  the  seedlings  was  positive 
correlated  (R  =  0.63)  with  acorn  dry  weight. 


I 


Q.    agrif olia 

Analyses   of    variance    for    the   Q.    agrlfolla 
samples    Indicated   wlthln-stand    differences    In 
acorn   length,    time    to   emergence  and   percent  emer 
gence,    and    total   height  at    5  months.      Between- 
stand  variation  was   small   In   comparison  with 
tree-to-tree   differences   within  stands.      Percent 
emergence  of   acorns    from   the  various    Q.    agrlfoli 


mother    trees   ranged    from  3   to   93   percent.      The 
average   height    of    seedlings    among   mother    trees 
also    ranged    substantially — from  4.5    cm    to   9.9    cin 
at   5  months  after  planting.      The   average  molstur 
content    of    the    acorns    from   the   eight   mother    tree 
ranged    from  45   to   65  percent.      Acorns   with    lower 
moisture   contents    were  more    likely    to   germinate 
and    to   produce      taller  seedlings. 

For   both    the   Q.    kelloggll   and   Q.    agrlfolla 
seedlings,    most    or   all    of    the   height   growth   was 
accomplished    within   a    few   weeks    after    top    emer- 
gence.     Therefore,    height   measurements    taken   at 
months    were.    In  many   cases,    the    same    as   measure- 
ments  taken  at   2  months.      Whether   taller   seedlln 
will    lose    their   height    advantage   during    future 
growth   flushes    is   yet    to   be    seen. 

Results  of  this  small  study  suggest  that  sub- 
stantial variation  can  exist  within  stands  of  bo 
Q.  kelloggll  and  Q.  agrlfolla  for  the  variables 
measured.  Variation  among  progeny  from  the  same 
tree  appeared  to  be  much  less.  Collection  and 
germination  of  acorns  from  these  same  mother  tre 
will  be  repeated  In  future  years  to  test  for 
year-to-vear   environmental    differences. 
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sture  Improvement  and  Prevention  of  Fires 
Maquis:  A  Corsican  Case  Study' 


tiard  Joffre  and  Jean-Baptiste  Casanova- 


under  a  sparse  cover  of  Quercus  suber  L.  Shrubs 
made  up  30  to  100  percent  of  the  cover  depending 
of  vegetation  type. The  vegetation  was  mulched  in 
April  1978,  fertilized  (100  kg  ha"!  year"'  of  N 
and  P2O5) ,  fenced  off  and  rotationally  grazed  by 
50  dairy  ewes  and  200  dairy  goats.  A  second 
mulching  was  done  in  the  summer  of  1979. 


PHYTODYNAMICS 


The  maquis  (shrubby  evergreen  vegetation  type) 
:he  result  of  progressive  evolution  of  the 
;tation  since  cultivation  was  abandoned  as  well 
regressive  evolution  under  the  effect  of  fire, 
jed,  during  the  last  century,  the  agro-pastoral 
tern  where  cereal  cropping  and  livestock 
iuction  were  closely  associated  has  been 
Laced  by  a  more  and  more  extensive  use  of  land 
re  only  livestock  production  survives. 

The  low  animal  pressure  and  the  free  grazing 
tem  do  not  permit  the  control  of  the  encroach- 
t  and  provoke  a  decrease  of  the  amount  of 
ture  available.  In  order  to  regenerate  the 
le   and  make  it  accessible  to  the  herds,  the 
pherds  use  fire  in  an  uncontrolled  manner  which 
/ely  disrupts  the  ecosystem:  erosion, development 
pyrophytic  brushes. 


The  more  interesting  points  are 

-  The  very  rapid  domination  of  herbaceous 
over  shrubs.  The  evolution  of  floristic  list  in 
different  sites  depends  on  the  initial  amount  of 
shrub  cover  and  original  floristic  diversity. 

-  The  qualitative  improvement  of  the  t^razing 
value  (ranging  from  0  to  100)  is  due  to  the  deve- 
lopment of  palatable  species  such  as  Dactylis 
glomerata  L.  and  Trifolium  subterraneum  L. 

-  The  edible  herbaceous  phytomass  increased 
from  0.3  tons  of  dry  matter  ha~'  in   1978  to 

5.5  tons  in  1980. The  stocking  rate,  expressed  in 
Corsican  sheep  unit  ha~l  year~l  goes  from  0,2  in 
1978  to  4.2  in  1980. 


Table  1 —  Trends  of  cover  and  grazing  value 
(from  Claudin  and  Casanova, 1 980, Joffre  and 


Casanova,  1981) 

19771 

1978| 

1979 

1980 

cover  of  herbaceous  (pet.) 

14 

80 

95 

100 

cover  of  shrubs  (pet.) 

81 

17 

7 

1 

grazing  value 

2 

1  1 

29 

32 

ERIMENTAL  DESIGN 

Following  research   described  in  Long  and 
ers  (1978),  an  experiment  is  being  carried  out 
ce  1978  near  Corte  (Corsica).  The  object  is  to 
luate  the  possibility  of  creating  pasture 
tiout  tillage  (frequent  high  slopes)  nor  fire, 
m  maquis  of  low  pastoral  value.   These  pastures 

located  in  such  a  way  that  they  also  serve  as 
Ibreaks . 

In  the  experimental  zone  (7  ha),  the  initial 
etation  was  low  maquis  (1.5-2  m)  made  up  of 
tus  monspeliensis  L.  and  Erica  arborea  L. 


Presented  at  the  Symposium  on  Dynamics  and 
agement  of  Mediterranean-type  Ecosystems, 
e  22-26,  1981,  San  Diego,  California. 

Range  Ecologists,  Pare  Naturel  Regional  de 
se,  20231  Venaco,  France. 


GRAZING  MANAGEMENT 

In  the  conditions  of  Corsican  breeding  system 
it  seems  necessary  to  render  the  improved  zones 
complementary  to  areas  of  maquis,  as  much  for 
sociological  as  for  technical  reasons.   But,  in 
any  case  it  is  important  to  avoid  waste  and 
range  degradation,  to  have  a  high  stocking  rate 
and  a  rotational  grazing.  Only  an  integrated 
land  management  will  lead  to  a  significant 
reduction  of  pastoral  fires  in  Corsica. 
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Response  o\  Adenostoma  fasciculatum  and 
Ceanothus  greggii  to  Nitrogen  and 
Phosphorus^ 

W.  M.  Jow,  G.  S.  McMaster,  and  J.  Kummerow' 


The  importance  of  nutrient  availability  in 
altering  carbon  allocation  and  growth  of  medi- 
terranean scrub  species  has  frequently  been 
stressed  but  rarely  tested.  Nitrogen  (80  kg/ha) 
and  phosphorus  (40  kg/ha)  were  applied  in  the 
early  spring  of  1978  to  a  23-year-old  stand  domi- 
nated by  Adenostoma  fasciculatum  and  Ceanothus 
greggi  i  var.  perpl exans  to  examine  the  effects  of 
N  and  P  additions  on  biomass  production  and  carbon 
allocation  of  the  two  dominant  species. 

In  the  first  year  a  combination  of  N+P  re- 
sulted in  the  greatest  increase  in  total  new 
shoot  biomass  for  both  species,  although  in  the 
second  year  this  treatment  produced  shoots  whose 
biomass  were  below  the  level  of  the  unfertilized 
control  plots  (Fig.  1).  The  effects  of  N  and  P 
fertilization  varied  not  only  among  the  species 
but  between  years.  Nitrogen  significantly  in- 
creased shoot  biomass  for  both  species  in  the 
first  year   but  only  in  A.  fasciculatum  were  sig- 
nificantly larger  new  shoots  observed  in  1979. 
Phosphorus  has  a  relatively  greater  effect  on  C^. 
greggi  i  in  the  first  year,    producing  a  signifi- 
cantly greater  shoot  biomass,  but  no  increased 
shoot  biomass  was  found  for  either  species  in 
1979.  This  difference  in  absolute  biomass  pro- 
duction between  1978  and  1979  cannot  be  explained 
by  differences  in  precipitation,  which  was  abun- 
dant in  both  the  winters  1978  and  1979. 

Phosphorus  fertilization  resulted  in  in- 
creased leaf  and  stem  growth  in  C.  greggi  i  while 
the  reproductive  biomass  (flower  buds  or  seeds) 
was  not  significantly  altered  by  N  or  P.  The  low 
response  of  C^.  greggii  to  nitrogen  fertilizer  may 
reflect  the  well-documented  nitrogen-fixing  capa- 
city of  symbiotic  Actinomycetes  in  the  roots  of 
many  Ceanothus  species. 

On  the  other  hand,  nitrogen  increased  both 
leaf  and  stem  production  in  1978  A.  fasciculatum 
shoots  while  a  decrease  in  inflorescence  produc- 
tion occurred  in  this  treatment.  Conversely, 
phosphorus  stimulated  the  formation  of  reproduc- 
tive biomass. 


1  Presented  at  the  Symposium  on  Dynamics  and 
Management  of  Mediterranean-type  Ecosystems,  June 
22--26,  1981,  San  Diego,  California 
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ilvicultural  Biomass  Plantation:  A  Renewable 
uel  Source^ 


;hael  L.  Kirkley,  Norman  H.  Pillsbury.  and  Walter  R. 
rk- 


Wood  has  long  been  recognized  as  a  major 
)urce  of  energy  around  the  world.  It 
:aditionally  has  been  the  most  important  source 
:  energy  in  the  early  development  of  most 
)untries,  and  in  many  countries  it  still 
)mprises  a  major  source  of  fuel  for  some  uses. 
x3ay  in  the  United  States  fossil  fuels  have  all 
it  replaced  wood  as  a  major  fuel  source, 
wever,  with  increases  in  donand,  along  with  the 
icertainty  of  irrported  energy  supplies  and 
Ices,  investigation  into  environmentally 
;ceptable,  domestically  produced,  renewable 
lergy  sources  is  needed.  The  establishment  and 
jeration  of  energy  plantations  offer  a  reliable 
)urce  of  energy  fran  woody  bianass. 


IE  ENERGY  PLANTATION  O^CEPr 

Tree  species  selected  for  biorass  production 
ist  be  resistant  to  insect  and  disease, 
monstrate  rapid  growth  and  have  high  energy 
.eld  during  short  rotations,  and  respond  to 
itensive  cultural  treatments.  Hardwood  species 
e  thought  to  have  the  greatest  potential  for 
lergy  farming.  They  have  the  added  advantages 
:  not  competing  with  timber  and  product  uses  of 
)nriercial  conifer  species  and  they  can  be 
)ppiced.  Sane  of  the  hardwoods  being  examined 
I  trial  plantings  in  the  United  States  include 
Inus   ,  Eucalyptus,    Plataniis,   and  Populus,     A 
imber  of  Eucalyptus  species  appear  most 
onising  in  California.  Of  the  700  plus  species 
1  the  genus,  perhaps  20  or  30  could  be  used  in 
le  various  climate  regimes  of  California 
>illsbury  1980) .  Tree  spacing  in  the  plantation 
ly  range  from  400  to  11,000  or  more  trees  per 
:re.  The  energy  plantation  must  be  of 
ifficient  size  to  guarantee  a  reliable  long-term 
ipply  of  fuel/  on  scheduled  donand,  to  the  power 
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plant.  Additional  support  acreage  for  storage, 
road  network,  and  facilities  ranges  from  10  to  40 
percent  over  the  planted  area. 

Energy  yield  from  plantations  is  a  subject 
of  much  debate.  Values  used  for  California  range 
fron  5  to  13  dry  tons/ac/yr  depending  upon 
species  selected,  spacing,  cultural  treatments, 
fertilization,  irrigation,  soil  and  site  quality, 
weed  control,  and  rotation  age  at  harvest.  Under 
ideal  conditions,  some  say  it  may  be  possible  to 
produce  up  to  22  dry  tons/ac/yr  (Fege  1979) .  The 
cost  of  producing  energy  feedstocks  is  equally 
debatable.  Regional  differences  are  created  by 
land  lease,  interest  and  taxes,  transportation 
costs  and  distances,  the  cost  of  investment,  land 
steepness,  and  water  availability.  Although  no 
reliable  estimates  are  available  for  marginal 
lands  in  California,  cost  per  million  BTUs  is 
$1.20  to  $2.50  based  on  17  million  BTOs  per  dry 
ton,  while  1985  costs  for  coal  are  projected  at 
$1.50  per  million  BlUs, 

CAL  POLY  ENERGY  PLANTATION 

In  1979  a  20-acre  biomass  energy  plantation 
was  established  at  California  Polytechnic  State 
University,  San  Luis  Obispo.  The  objective  of 
the  study  is  to  evaluate  the  growth  response  of 
eleven  species  of  Eucalyptus   at  eight  different 
spacings,  utilizing  pre-  and  post-emergent 
herbicides  and  mechanical  means  of  weed  control. 
The  results  will  provide  information  on  optimum 
spacing,  cultural  treatment,  and  fertilization  to 
maximize  bianass  energy  production  on  rotations 
ranging  fran  4  to  7  years. 

The  plantation  is  non-irrigated  and  is 
located  on  marginal  land  previously  used  for 
livestock  production.  The  predominate  soil  type 
is  a  Los  Osos  variant  clay-loam  with  slopes 
ranging  from  5  to  22%,  with  a  predominately  south- 
facing  aspect.  Extensive  site  preparation  was 
undertaken  prior  to  planting  with  up-  and 
downslope  and  cross-slope  ripping  of  the  site  to 
an  approximate  depth  of  2.5  feet  (0.76  m) . 
Round-up,  a  non-selective  post-oner gent  herbicide, 
was  applied  to  eliminate  existing  grass  and 
broadleaf  growth  (Mark  et  al   unpublished) . 

A  Nelder  circular  plot  design  was  developed 
to  provide  eight  planting  densities  ranging  fron 
400  to  11,000  trees  per  acre.  Each  plot  is  0.23 
ac  (0.09  ha)  in  size  and  contains  240  trees.  The 
species  planted  included  Eucalyptus  camaldulensis 
(Dehnh.),  E.    cinerea   (F.  Muell.  ex  Benth) ,  E. 
citriodora     (Hook.),£'.  globulus    var. 
*  oompactcf    (Labill.),  E.   polyanthemos   (Schau.), 
E.   pulverulenta   (Sims) ,  E.    stellulata   (Sieb.  ex 
DC.),  E.    viminalis   (Labill.).  One  of  these 
species  was  randanly  selected  and  planted  in  each 
plot.  A  total  of  25  plots  were  planted  allowing 
replication  of  species  and  cultural  treatments. 
Plots  were  given  split  fertilizer  treatments, 
one  half  receiving  10 -gram  tablets  and  the  other 
receiving  21-gram  slow  release  fertilizer 
tablets,  both  with  a  20/15/5  (N/P/K)  formulation. 
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Tree  planting  was  completed  in  the  winter  of 
1980.  Both  pre-anergent  herbicides  and 
mechanical  means  were  used  to  control  competing 
grasses  and  forbs.  Twelve  additional  plots  were 
planted  in  the  spring  of  1981.  The  species 
planted  included  Eucalyptus  globulus,   E. 
melliodora   (A.  Cunn.  ex  Schau.),  E. 
panioulata   (Sm.),  and  E.    sideroxylon   (A.  Cunn.  ex 
Woolls) .  A  pre-emergent  herbicide  was  used  to 
control  competing  vegetation. 

PRODUCTIVTIY  EVALUATION 

Measurements  of  productivity  were  limited  to 
height  and  diameter  for  the  first  year. 
Selective  cutting  for  correlation  between  height, 
diameter,  weight,  and  energy  yield  will  be  made 
the  second  year.  Similar  data  will  be  collected 
in  the  subsequent  years.  The  cutting  will  allow 
study  of  the  coppicing  characteristics  of  the 
species  being  tested.  Cuts  will  be  made  at 
various  times  of  the  year  to  determine  the  best 
timing  to  obtain  maximum  sprout  numbers  and 
vigor.  The  effects  of  species,  spacing,  planting 
dates,  fertilizer  treatments,  and  weed  control  on 
growth  and  yield  will  be  analyzed. 


An  economic  evaluation  of  the  project  will 
be  conducted.  Basic  input  cost  groups  such  as 
labor,  capital  and  materials  expenditures, 
maintenance,  operation,  and  harvest  expenses  wi; 
be  recorded.  The  cost  data  and  yield  data  will 
be  used  to  determine  production  costs  per  millid 
BTO's  for  various  species,  spacing,  and  cultura! 
combinations. 
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e  Mediterranean  Ecosystem  and  the  People; 
source  Management  in  Santa  Monica 
)untains  Natural  Resource  Area,  California^ 


rvn  Klubnikin,  David  Ochsner,  and  Robert  Chandler''^ 


:  boundary  of  Santa  Monica  Mountains  National 
reation  Area,  administered  by  the  National 
k  Service,  U.  S.  Department  of  the  Interior, 
ompasses  a  Mediterranean-type  ecosystem 
h  significant  scenic,  recreational,  educa- 
nal ,  scientific,  natural,  archeological, 

public  health  values.   In  the  Establish- 
t  Act,  Public  Law  95-625  (16  USC  460kk), 
;  United  States  Congress  recognized  that  there 
a  national  interest  in  protecting  and  pre- 
ving  these  benefits  for  the  residents  of 
visitors  to  the  area.   This  legislation 
dated  that  the  recreation  area  will  be  man- 
id  in  a  manner  which  will  preserve  and  enhance 
scenic,  natural,  and  historical  setting  and 
public  health  value  as  an  airshed  for  the 
Southern  California  metropolitan  area  while 
viding  for  the  recreational  and  educational 
ds  of  the  public. 

Santa  Monica  Mountains  form  a  complex 
logical  unit.   The  evolution  of  the  raoun- 
ns  is  marked  by  repeated  episodes  of  deposi- 
n  of  marine  sediments,  uplifting,  regression 
the  sea,  erosion,  and  the  transgression  of 
:  sea  to  deposit  new  sediments.   These  epi- 
es  were  interspersed  with  periods  of  faulting 
I  folding  of  sedimentary  beds  due  to  the  move- 
it  of  the  Pacific  Plate  and  the  North  American 
:te  along  the  San  Andreas  Fault,  and  the  in- 
ision  of  magma  into  the  sedimentary  beds.   The 
ita  Monica  Mountains  are  one  of  the  ranges  in 
.ifornia  in  an  east-west  alignment 

:  mountains  are  a  diverse  botanical  island 
it  is  representative  of  the  California 
iristic  Province.   Vegetative  communities 
;lude  chaparral,  coastal  sage,  oak  woodland, 
.  grassland-savannah,  riparian  woodland, 
ich  and  dune,  southern  coastal  salt  marsh, 


esented  at  the  Symposium  on  Dynamics  and 
lageraent  of  Mediterranean-type  Ecosystems, 
le  22-26,  1981,  San  Diego,  California. 

ivironmental  Specialist,  Resource  Management, 
ef ,  Resource  Management,  and  Superintendent 
pectively,  Santa  Monica  Mts .  Nat.  Rec.  Area. 


freshwater  marsh,  grassland  and  rocky  inter- 
tidal.   Five  of  these  communities  are 
considered  critical  in  California  for  preser- 
vation. 

Much  of  southern  California's  native  wildlife 
still  survives  in  the  mountains.   A  small 
population  of  mountain  lions  remains  as  do 
extensive  populations  of  birds  of  prey.   The 
Santa  Monica  Mountains  are  significant  in  the 
Pacific  Flyway  as  resting  and  feeding  areas 
for  migratory  birds,  as  is  Mugu  Lagoon  at 
the  western  end  of  the  Range. 

A  broad  spectrum  of  human  uses  is  represented 
in  the  Santa  Monica  Mountains.   In  pre- 
European  times  the  mountains  and  the  sea  sus- 
tained the  Chumash  and  Gabrielino  native 
American  coastal  cultures.   The  Hispanic 
occupation  brought  about  a  drastic  change  in 
the  cultural  history  of  the  mountains  with 
the  virtually  complete  subjugation  of  native 
Americans .   Current  land  uses  include  a  broad 
range  of  urban  development,  rural  homes,  high 
density  recreation,  and  the  preservation  of 
open  space  and  natural  and  cultural  features. 
The  present  jurisdictional  arrangements  are 
very  complex. 

Within  this  context,  the  National  Park  Service 
encourages  new  and  innovative  concepts  of 
ecosystem  maintenance  through  cooperative 
planning.   These  concepts  are  intended  to 
encourage  private  and  governmental  entities  to 
design  actions  that  perpetuate  the  integrity  of 
the  inherent  resources.   Resource  management 
projects  include  monitoring  surface  water  qual- 
ity, delineation  of  wildlife  corridors,  deter- 
mination of  research  needs,  monitoring  air 
quality,  the  role  of  fire  in  the  mountains 
(including  prescribed  fire),  preservation  of 
the  cultural  continuum,  and  assessment  of  the 
environmental  impacts  of  human  uses  in  the 
mountains . 

Educational  programs  are  vital  to  the  success 
of  the  Santa  Monica  Mountains  National  Recrea- 
tion Area  for  resource-based  recreation 
activities  and  for  conservation  of  Mediter- 
ranean-type ecosystems.   Over  70  colleges  and 
universities  and  approximately  10  museums  and 
research  facilities  are  within  easy  reach  of 
the  area.   Through  present  educational  programs 
school  children  and  other  visitors  are  given 
experiential  understanding  of  the  natural 
world  and  the  human  cultures  that  occupied  the 
mountains  and  coast.   These  programs  include 
traditional  nature  walks,  seminars  featuring 
scientists,  coastal  walks,  musical  interpreta- 
tions and  a  recreation  transit  program  that 
brings  inner  city  residents  into  the  Santa 
Monica  Mountains. 
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Species  Diversity  and  Stratification  to  Improve 
Grazing  in  Mediterranean  Chilean  Range^ 


Sergio  Lailhacar,  Hector  Manterola,  Alfredo  Olivares,  and 
David  Contreras^ 


An  important  area  of  the  mediterranean  Chilean 
range,  approximately  4  million  ha,  mainly  in  the 
arid  zone,  is  being  affected  by  a  strong  process 
of  desertification-   The  zone  affected  extends 
between  parallels  32°  and  36°  S. 

Climatic  conditions  are  typical  of  a  mediter- 
ranean-type zone,  with  rainfall  between  June  and 
September,  at  an  average  of  200-250  mm.   Twenty- 
seven  percent  of  the  total  rain  occurs  in  fall,  5  3 
percent  in  winter,  and  17  percent  in  spring.   Nor- 
mally every  year  has  about  7  months  of  drought, 
and  the  incidence  of  drought  years  is  very  high. 
These  climatic  conditions  have  induced  the 
development  of  a  typical  matorral-type  vegetation, 
characterized  by  a  herbaceous  stratum,  actually 
very  low  in  annual  biomass  production,  and  a  woody 
one,  with  a  wide  variety  of  species. 

The  herbaceous  stratum  has  been  severely 
affected  by  overgrazing,  and  some  species  have 
disappeared  or  are  rarely  found.  Dominant  genera 
actually  present  are  Erodium,  Vulpia,  and  Oxalis. 
Less  common,  but  still  present  are  Tricetobromus, 
Bromus ,  Lolium,  Koeleria,  and  Avena.   Almost 
extinguished  are  Medicago,  Trifolium,  Trigonela, 
Hosakia,  and  Adesmia. 

The  woody  stratum  has  been  affected  by  wood 
cutting,  either  for  firewood  or  to  clean  the 
fields  for  further  cultivation.   Also,  animals 
such  as  goats  have  produced  a  negative  effect  on 
the  matorral.   The  dominant  genera  are  Bahia, 
Baccharis,  Puya ,  Adesmia,  Muehlenbeckia , 
Heliotropium,  Trichocereus,  and  Haplopappus.   In 
some  areas  that  were  under  cultivation,  some  toxic 
species  such  as  Cestrum  palgui  appear. 

l£ss  degraded  matorrals  can  be  found  toward  the 
south  where  Acacia  caren  steppe  starts.   The 
vegetation  has  not  been  so  degraded  and  some 
microphanerophytes  such  as  Azara  celastrina, 
Maytenus  boaria,  and  Lytrea  caustica  are  found. 

Under  these  conditions,  the  ecosystem  has 
changed  its  morphology  and  composition,  and  produc- 
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tivity,  expressed  as  stocking  rate  capacity,  or  i 
edible  dry  matter  production,  has  significantly 
decreased.   Continuous  human  pressure  on  the 
ecosystem,  either  through  wood  harvesting, 
overgrazing,  or  cultivation,  has  produced  an 
accelerated  erosion  process  that  in  many 
situations  cannot  be  easily  stopped  or  reversed. 


EDIBLE  BIOMASS  PRODUCTION 

Most  of  the  areas  considered  in  this  study  ai 
low  in  biomass  production,  which  is  also  very 
dependent  upon  amount  and  distribution  of  rainf 
Average  forage  production  is  about  0.7  to  1.2 
ton/ha/yr,  but  it  has  been  seen  that  under  expei 
mental  conditions  (modifying  the  rainfall  systen 
and  management ) ,  production  can  be  increased  to 
to  4  ton/ha/yr.   The  main  herbage  genera  that 
actually  produce  this  biomass  are  Erodium,  Vulpj 
and  Bromus 


Most  of  the  palatable  genera  are 
low  stand  or  have  disappeared  (Medicago, 
Trifoli\im,  Tricetobromus )  and  genera  such  as 
Raphanus,  Lamarkia,  Capsell,  and  Amsimckia  have  j 
invaded  the  land. 

The  nutritive  value  of  the  available  forage 
wide  variation  through  the  year,  related  to  the 
vegetative  cycle.  Energy  is  always  the  most 
limiting  factor  for  animals,  and  fluctuates 
between  1.2  and  2.5  kcal/gr  organic  dry  matter. 
The  crude  protein  content  is  also  a  limiting 
factor,  especially  during  the  dry  season.  When 
pasture  is  the  preblooming  state,  the  protein 
content  is  about  10  to  14  percent,  and  decreases 
to  3  to  4  percent  after  pasture  gets  dry.  Crude 
fiber  goes  from  10  percent  to  30  percent  for  th€ 
same  periods. 


ANIMAL  PRODUCTIVITY 

Current  ecological  conditions  only  allow  the 
development  of  extensive  animal  production 
systems,  based  either  on  goats  or  sheep,  dependik 
upon  range  land  conditions.   In  the  area  where  tl" 
degradation  is  higher,  farmers  raise  goats, 
producing  cheese  or  selling  the  kids.   Small 
flocks  of  sheep  are  present  in  some  better  areas 
As  the  pasture  conditions  improve,  sheep  replace 
goats  because  they  bring  a  higher  price  for  meat 

The  average  stocking  rate  for  the  worst 
condition  varies  from  0.1  to  0.3  sheep/ha,  and 
for  better  conditions,  from  0.5  to  1.5  sheep/ha. 
Goats  can  make  use  of  shrubs,  so  are  not  so  much 
affected  as  sheep  during  critical  periods,  but 
both  goats  and  sheep  have  very  low  yields  becaus 
of  chronic  undernutrition,  reproductive  perfor- 
mance, and  sanitary  problems. 


There  are  some  periods  during  the  year  when 
animals  cannot  meet  their  nutritional  require- 
ments, especially  during  the  last  third  of  the 
gestation  period  and  during  lactation,  producing 
high  lamb  or  kid  mortality.   Adults  also  die  whe 
starvation  continues  too  long. 


Gen.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Ri 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 


I 


SARCH  STRATEGIES  TO  DEAL  WITH  THE  PROBLEM 

ftie  first  strategy  studied  was  based  on  the 
reduction  of  foreign  forage  genera,  such  as 
Laris,  Trifolium,  Lolium,  and  Sorghum  in  order 
replace  the  natural  pasture.   It  did  not  work 
juse  those  genera  did  not  become  adapted  to  the 
natic  conditions,  mainly  to  the  low  rainfall 
si.   After  that,  a  new  strategy  was  started, 
»d  on  the  transformation  and  modification  of 

ecosystem  but  trying  to  produce  the  least 
jration  in  its  structure.   The  idea  was  to 
luce  a  diversification  of  species  and 
itification  of  them  in  order  to  optimize  the 

of  solar  energy,  water,  and  soil  minerals. 
3  procedure,  together  with  an  improvement  in 
geland  management  and  water  collection  systems, 
the  basic  action  needed  to  partially  solve  the 
blem. 

In  order  to  replace  some  of  the  inedible  brush 
1  others  more  valuable,  a  worldwide  collection 
native  and  foreign  shrubs  was  tested.   After  an 
Luation  process,  it  was  concluded  that  Atriplex 
anda,  followed  in  rank  by  Atriplex  numularia 
Atriplex  semibaccata,  fitted  very  well  in  the 
iitions  where  they  were  needed. 

^triplex  repanda  is  a  native  species  from  the 
th  of  Chile  (400  km  from  Santiago) .   It  is  a 
tbush  with  very  high  palatability  for  sheep  and 
ts;  this  has  almost  produced  its  extinction, 
s  saltbush  grows  all  year,  but  the  growth  rate 
significantly  higher  during  the  summer.   In 
i   fall  and  winter,  its  growth  is  minimal.   The 
ritive  value  is  very  high,  with  a  protein 
tent  of  18  to  21  percent  in  the  leaves,  11  to 
percent  in  the  stems,  and  8  to  9  percent  in  the 
is.   The  crude  fiber  of  the  edible  portion  is 
ut  23.6  percent. 

The  most  relevant  characteristics  of  this 
cies  are 

— its  high  resistance  to  dry  conditions 
— its  ability  to  make  available  green  forage 

protein,  during  the  most  critical  period  in 

pasture 

— its  high  palatability 

— its  habits  of  growth,  that  provide  protection 
inst  weather 

liking  into  account  these  advantages,  the 
emment,  through  its  Forestry  Agency,  has 
eloped  special  legislation  in  order  to 
ourage  the  settlement  of  this  plant  in  the  arid 

semiarid  zone  of  Chile.   At  the  present  time, 
e  than  15  million  ha  have  been  planted. 


EARCH  RELATED  TO  ATRIPLEX  REPANDA 

3ne  of  the  problems  that  scientists  have  found 
Atriplex  is  the  very  low  seed  germination  rate, 
ligher  than  5  percent.   Studies  have  been  made 
detect  the  presence  of  inhibitors  or  some 
,=ial  dormancy  mechanism.   It  has  been  shown 
t  age  of  seed  plays  an  important  role  in 


germination  of  Atriplex,  3-year-old  seed  having  a 
higher  germination  percentage  compared  with  1-  or 
2-year-old  seed. 

Another  interesting  problem  studied  was  the 
density  of  plants.   It  was  observed  that  in  a  high 
density  stand,  there  is  marked  competition  between 
plants,  which  reflects  on  their  growth  and 
persistence  through  the  years.   Studies  have  shown 
that  an  adequate  density  can  fluctuate  between  700 
and  1200  plants  per  hectare.   This  will  produce  a 
yield  of  1.0  to  1.5  tons  dry  matter  per  hectare. 
Rainfall  and  soil  conditions  are  the  main  factors 
affecting  density. 

In  relation  to  the  use  of  Atriplex  by  animals, 
two  studies  have  been  done  up  to  date.   One  is  on 
grazing  intensity,  and  the  other  on  the  response 
of  animals  to  Atriplex  feeding  during  the  period 
of  highest  nutritional  requirement.   The  first  was 
related  to  when  and  how  many  times  should  Atriplex 
be  used  to  get  the  best  response  in  terms  of  plant 
longevity.   Studies  indicated  that  these  shrubs 
could  be  grazed  any  time  of  the  year,  but  once  in 
a  year,  for  maximum  productivity  and  longevity. 
Used  twice  a  year,  Atriplex  produces  more  edible 
material,  but  plants  are  significantly  affected. 
"Hie  second  problem  of  utilization  was  how  to  in- 
tegrate this  supplementary  saltbush  to  the  annual 
cycle  of  the  animal,  especially  during  the  criti- 
cal periods.   It  has  been  seen  that  pregnant  ewes 
perform  better  when  they  have  access  to  Atriplex 
during  the  last  third  of  the  gestation  period. 
Lambs  are  born  with  higher  weight  and  growth  is 
faster,  indicating  an  effect  on  lactation. 

Also,  in  other  phases  of  the  animal  productive 
cycle,  Atriplex  has  shown  a  significant  effect  on 
animal  performance. 


CONCLUSION 

After  20  years  of  study,  it  can  be  concluded 
that  it  is  possible  to  replace  some  of  the 
ecosystem  components  with  others  of  greater 
suitability,  without  any  significant  alteration  of 
its  morphology  and  functioning.   It  produces  an 
improvement  of  the  natural  pasture,  provides 
another  ecological  niche,  and  animals  perform 
better. 
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Coastal  Sage  Environmental 

Conservation— The  Navy's  Experience  at  Point 

Loma^ 


Ronald  La  Rosa^ 


San  Diego's  Point  Loma,  a  relatively  undevel- 
oped three-mile  peninsula,  has  been  a  military 
reservation  since  1852.  Through  the  Naval  Ocean 
Systems  Center  (NOSC),  the  Navy  and  Point  Loma 
have  been  linked  through  research  and  develop- 
ment. NOSC  has  recognized  its  responsibility  to 
preserve,  protect  and  improve  the  507  acres  that 
are  entrusted  to  them.  In  recent  years,  their 
commitment  to  this  responsibility  has  been  a 
planned  and  executed  program  to  assure  that  the 
natural  state  of  the  land  is  protected. 

The  Navy's  four-year  program  has  resulted  in 
the  installation  of  hundreds  of  native  trees  and 
shrubs,  most  of  them  rare  and  endangered  species, 
to  enhance  the  environment  and  increase  biologi- 
cal productivity.  Steps  have  been  taken  to  cor- 
rect erosion  problems  through  revegetating  dis- 
turbed soil,  restoring  natural  contours,  and  im- 
proving drainage  patterns  to  check  run-off  and 
soil  loss. 

ENVIRONMENTAL  PLANNING 

The  NOSC  Environmental  Resources  Conservation 
Program  was  implemented  through  a  multidiscipl in- 
ary  team  approach  consisting  of  engineers,  plan- 
ners, and  an  environmental  specialist  augmented 
by  a  soil  scientist,  architect  and  contracts 
administration  staff.  Master  planning  provided 
the  framework  for  the  division  of  conservation 
activities  into  annual  phases:  Phase  I  involved 
an  initial  study  of  resources  and  environmental 
needs  assessment;  Phase  II  concentrated  on 
installation  of  plant  material;  Phase  III  activi- 
ties were  a  culmination  of  the  previous  phases  as 
well  as  the  beginnings  of  three  experimental  pro- 
jects; and  Phase  IV  focused  on  erosion  control 
and  runoff  management.  After  a  phase-end  evalu- 
ation, the  Master  Plan  was  revised  accordingly. 
The  program's  underlying  philosophy  was  one  of 
minimizing  research  costs  and  maximizing  on-the- 
ground  conservation  efforts. 
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COASTAL  SAGE  CONSERVATION 

Enhancement  of  NOSC  lands  went  beyond  simple! 
"beautif ication".  Components  of  wildlife  manage 
ment,  engineering  geology  and  landscape  architee 
ture  were  combined  to  provide  an  action-orientec 
ecological  approach  to  land  use  planning  and  en- 
vironmental protection.  Nearly  2,000  plant  spe- 
cies including  Torrey  pine  (Pinus  torreyanna) 
shown  in  Figure  1,  California  sycamore  (Platanu; 
racemosa).  Wild  cherry  (Prunus  illicifolia). 
Coast  white  lilac  (CeanoTFus  verrucosus)  and 
Encilia  (Encilia  californica)  were  planted  on 
wildlands  and  disturbed  sites.  In  wildland  sitt, 
irrigation  consisted  of  drip-type  systems;  land- 
scaped areas  were  watered  by  impact-type  heads. 
In  addition,  a  repository  for  rare  and  endanger( 
flora  displaced  by  development  in  the  region  wa: 
created. 


Project  Results 

The  environmental  enhancement  of  disturbed 
areas  through  the  installation  of  forbs,  shrubs 
and  trees  resulted  in  the  dramatic  increase  of 
wildlife  species  benefiting  from  successive  veg( 
tat  ion.  Shrubs  and  trees  planted  as  seedlings, 
one- and  five-gallon  as  well  as  twenty-four-incf 
containers, have  had  to  date  a  success  factor  o1 
90  percent.  (Losses  were  due  to  burrowing 
animals  and  pockets  of  clayey  soils  underlying 
loamy  areas.)  Landscape,  revegetation  and  wild- 
life plantings  have,  over  the  years,  become  es- 
tablished to  provide  food  plots,  wildlife  shel- 
ter, aesthetic  screens  and  stabilization  of 
soil. 


Figure  l--Torrey  pines,  installed  by  hand  to 
protect  existing  shrubs,  create  aesthetic  wild- 
life habitat  in  the  low-profile  coastal  sage  of 
Point  Loma,  San  Diego. 
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lotosynthetic  Production  of  Perennial 
lecies  in  the  Mediterranean  Zone  of  Central 

lile^ 


lliam  T.  Lawrence,  Jr.,  and  Walter  C.  OecheP 


The  carbon  balance  of  a  plant  is  a  key  para- 
ter,  integrating  the  biotic  and  abiotic  inter- 
tions  of  the  individual  with  its  intrinsic  phys- 
Logical  rates  of  photosynthesis  and  respiration. 

the  field,  carbon  balance  cannot  be  directly 
isured,  but  it  is  calculated  by  summing  the  car- 
1  gained  or  lost  by  all  plant  tissues  under  the 
ren   set  of  environmental  conditions.  In  Chile  we 
re   begun  such  a  carbon  balance  study  by  gather- 
;  a  season  of  basic  data  on  the  CO   exchange  of 
)ve-ground  parts  of  some  of  the  dominant  shrub 
jcies. 

Both  leaves  and  several  size  classes  of  stems 
:e  measured  ^  situ  with  an  infrared  gas  analy- 
!  system  to  determine  their  CO  exchange  under 
•ange  of  light  and  temperatures.  The  stems  are 
often  overlooked,  but  nonetheless  important 
iponent  of  the  plant  carbon  balance  as  they  res- 
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pire,  losing  carbon,  and  in  some  cases  may  photo- 
synthesize. 

A  wide  range  of  life  forms  were  examined,  in- 
cluding Satureja  gilliesii ,  a  drought-deciduous 
subshrub;  Trevoa  trinervis,  a  drought-deciduous, 
green-stemmed  shrub;  Colliguaya  odorifera  and 
Litraea  caustica,  both  evergreen  shrubs;  and 
Mutisia  linearifolia,  a  composite  vine. 

As  would  be  expected,  the  species  fall  out  over 
a  range  of  leaf  photosynthetic  rates,  but  more  in- 
terestingly, every  one  of  the  shrubs  shows  a  net 
gain  of  carbon  by  stems  at  at  least  one  tempera- 
ture. Both  Lithraea  and  Colliguaya  have  the  lowest 
stem  photosynthesis  rates,  but  when  positive,  they 
are  9  and  5%  respectively  of  the  leaf  rate. 
Satureja  also  has  a  low  rate,  but  maintains  the 
positive  3-5%  level  all  across  the  temperature 
range.  Trevoa 's  current-year  stem  rate  is  30-38% 
of  that  of  the  ephemeral  leaves,  and  a  rate  for 
older  stems  is  fully  10%  of  the  leaves,  so  even 
when  the  leaves  are  shed  at  the  onset  of  drought, 
a  strongly  photosynthesizing  surface  remains. 

The  stem  photosynthesis  of  the  shrubs  varies 
strongly  with  light  intensity.  Both  the  light  res- 
ponse and  the  stem  gas  exchange  diminish  rapidly 
with  stem  age,  probably  due  to  decreased  conduct- 
ance of  CO  by  the  thickened  bark. 

Stem  photosynthesis  would  naturally  be  of  less 
importance  in  older  stems  as  they  are  increasingly 
shaded  by  canopy  development.  Once  a  stem  no  long- 
er provides  carbon  through  photosynthesis,  it 

can  then  only  be  mechanical  support,  and  it  becomes 
a  carbon  sink.  A  large  bulk  of  respiring  stems  can 
be  costly,  but  some  of  our  data  indicates  a  re- 
duction in  respiration  on  an  area  basis  as  stems 
age,  thus  effectively  reducing  some  carbon  loss 
associated  with  non-green  support  stems. 


ble  1.  CO  exchange  for  leaves  and  current  and  last  year's  stem  age  class  for  the  five  Chilean  species, 

th  dark  respiration  (Rd)  and  full-sun  gas  exchange  (Ps)  are  tabled  in  mg  CO  "dm  'h   ±  one  standard 

ror.  Photosynthesis  is  represented  by  a  positive  CO   flux.  Measurements  were  made  at  5,  15,  and  25°C 

r  temperatures  in  a  thermoelectrically  cooled  cuvette  system  near  Santiago,  Chile. 
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09 

-4 

35±0 

22 

-2 

62+0 

39 

last 

-0 

52±0 

15 

-0 

51+0 

35 

-1 

81±0 

16 

-0 

82+0 

53 

-3 

79+0 

18 

-1 

91±0 

39 

Lithraea 

leaves 

3 

32+0 

48 

-0 

29+0 

06 

11 

99±1 

38 

-1 

17±0 

08 

13 

74+1 

18 

current 

-1 

74±0 

22 

-1 

17+0 

46 

-1 

48±0 

32 

-0 

35+0 

35 

-2 

36±0. 

41 

1 

17±0 

08 

last 

-0 

86±G 

09 

-0 

51±0 

05 

-1 

22±0 

11 

-1. 

20+0 

32 

-2 

90+0. 

39 

-2 

42+0. 

96 

Mutisia 

leaves 

-0 

05±0 

03 

5 

88+0 

26 

-0 

30+0. 

01 

9. 

45+0 

54 

-0 

75±0. 

32 

9 

79+0. 

74 

Tech.  Rep.  PSW-58.  Berkeley,  CA:  Pacific  Southwest  Forest  and  Range 
iriment  Station,  Forest  Service,  U.S.  Department  of  Agriculture:  1982. 


615 


Modeling  Postfire  Succession  in  Coastal  Sage 
Scrub^ 


George  P.  Malanson- 


Coastal  sage  scrub  in  the  Santa  Monica  Mount- 
ains regenerates  following  fire  primarily  through 
resprouting  from  root  crowns.   Dominant  shrubs 
are  variable  in  post-fire  resprout  and  seedling 
regeneration  and  also  in  continual  seedling 
establishment.   Such  differential  reproductive 
success  in  both  the  immediate  post-fire  environ- 
ment and  in  the  succeeding  years  should  result  in 
a  changing  relative  abundance  of  species.   Thus 
fire  interval  should  be  an  important  factor  in 
determining  the  relative  abundance.   A  constant 
fire  interval  should  result  in  a  dynamic  equilib- 
rium species  composition,  but  might  exclude  some 
species  if  the  interval  is  very  long  or  short;  a 
variable  fire  interval  should  create  a  shifting 
abundance  that  may  allow  the  coexistence  of  a 
greater  number  of  species. 

The  model  being  constructed  is  based  on  the 
regenerative  success  of  the  species,  in  the  first 
post-fire  years  and  through  time.   Fire  intensity 
will  be  considered  in  setting  the  initial  post- 
fire  densities  of  resprouts  and  seedlings.   These 
densities  will  then  be  iterated  at  5-year  inter- 
vals using  a  Leslie  matrix  of  fecundity  and  survi- 
vorship (fig.  1) . 


fofi 
PqO 


o 


Pn.1 


n, 


o.t 


n. 


n 


O.t.l 


o.t»i 


f- probable  fertility  function 
p-probable  survival  function 

Figure  1 — Leslie  matrix  of  age-dependent  fecundity 
and  survivorship  with  age  class  population 
vectors . 
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The  entries  in  the  Leslie  matrix  will  be  basl 
on  postulated  graphs  of  age-dependent  natality 
and  mortality  (cf.  fig.  2)  which  in  turn  will  b 
based  on  known  age  structures  for  species  popul- 
tions.   A  small  number  of  age  structures  are  beig 
sampled  by  counting  the  xylem  rings  of  the  largst 
basal  branch  of  all  the  individuals  of  a  given 
species  dominant  on  a  25x25  m  site.   The  entrie 
will  be  computed  as  logistic  functions  of  extan 
shrub  cover;  total  shrub  cover  will  limit  the 
reproduction  of  all  species.   For  this  purpose 
relationship  between  density  and  cover  on  diffe- 
ent  age  sites  is  being  established  through  size 
distributions  for  intercepted  plants  as  the  Ion 
est  chord  perpendicular  to  a  line  transect.   Fo 
the  most  important  shrubs  (Artemisia  californic 
Less . ,  Encelia  californica  Nutt . ,  Eriogonum 
cinereum  Benth.,  Salvia  leucophylla  Greene,  and 
S^.    mellif era  Greene)  at  least  3  different  age 
25x25  m  sites  on  which  a  species  is  dominant  or 
co-dominant  are  being  sampled  along  4  randomly 
located  transects. 

With  each  iteration  the  densities  and  foliar 
cover  of  the  species  will  be  incremented,  the 
relationship  depending  on  the  age  of  the  stand. 
In  this  form  the  Leslie  matrix  embodies  the  assi 
tions  that  competition  for  space  through  regene; 
tive  strategy  is  the  primary  process  controllinj 
species  relative  abundance.  Through  time  relat 
abundance  will  shift  toward  the  optimal  combina- 
tion of  fecundity  and  survivorship,  and  this  pre 
fire  relative  abundance  will  affect  the  new  ini 
tial  post-fire  densities.  The  model  will  predic 
foliar  cover  of  species  given  various  hypothetic 
or  observed  fire  history  scenarios.  The  predic- 
tions will  be  tested  against  actual  abundances  c 
sites  of  known  fire  history  in  the  Santa  Monica 
Mountains.  The  form  and  direction  of  variation 
in  abundance  will  be  of  equal  interest  to  ecolo- 
gists  and  land  managers. 
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Figure  2 — An  example  of  a  postulated  natality 
graph. 
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fetation  Responses  to  Prescribed  Burning 
3uyamaca  Rancho  State  Park,  California^ 


iford  D.  Martin' 


This  study  reports  the  results  of  light-inten- 
y  prescribed  burning  on  the  vegetation  of  3 
frey  pine-black  oak  woodland  sites  in  Cuyamaca 
=ho  State  Park,  California.   The  1 . 2  ha  Oak- 
ita  burn,  85  ha  Granite  Springs  burn,  and  6  ha 
0   Picacho  burn  were  measured  for  tree  and  shrub 
sity  and  basal  area  in  June,  1980,  6  months,  1^? 
rs,  and  2  years  following  burning  for  the  3 
es  respectively  (fig.  1) .   Each  burn  site  mea- 
ed  was  compared  against  equivalent  unburned 
trol  plots  to  help  assess  the  effects  of  the 
ning.   Density  of  saplings,  seedlings,  and  her- 


ire  1 — Locations  of  the  Paso  Picacho  burn,  Gra- 
2  Springs  burn,  and  Oakzanita  burn  in  Cuyamaca 
;ho  State  Park,  California. 
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baceous  vegetation  was  also  determined  for  the 
woodland  under stories.   Dominance  and  relative 
dominance  of  herbaceous  foliar  cover  in  meadow 
areas  were  obtained  to  determine  the  recovery  of 
the  perennial  bunch  grasses. 

The  greatest  change  which  took  place  as  a  re- 
sult of  the  burning  was  a  significant  reduction 
(P<C-05)  in  density  and  basal  area  of  shrubs  in 
the  understory  (table  1) .   The  dominant  shrub, 
Arctostaphylos  pungens  (non-sprouting) ,  averaged 
a  93  percent  density  reduction  in  the  burn  sites 
compared  to  the  control  sites.   Other  shrubs  such 
as  Arctostaphylos  glandulosa,  Ceanothus  leucoderm- 
is,  Ceanothus  palmeri,  Cercocarpus  betuloides,  and 
Rhamnus  californica  were  also  reduced  to  a  lesser 
extent.   Except  for  a  slight  reduction  in  the  num- 
ber of  trees  with  very  small  trunk  diameters  at 
breast  height  (2-8cm) ,  tree  density  and  basal  area 
were  not  affected  by  the  burning  (table  1) . 


Table  1--Mean  density  and  dominance  (based  on 
basal  area)  of  shrubs  and  trees  in  100m   control 
and  burn  quadrats  at  all  3  burn  areas. 


Den 

sity 

Dominance 

Area 

control 

1  burn 

control 

1  burn 

no 

/ha 

Mean 

pet. 

Paso  Picacho 
Shrubs 
Trees 

480 
1039 

43 
1165 

0.12 
0.59 

0.02 
0.62 

Granite  Springs 
Shrubs 
Trees 

31 
369 

3 

345 

0.005 
0.36 

0.001 
0.45 

Oakzanita 
Shrubs 
Trees 

3529 
374 

240 

407 

0.25 
0.22 

0.03 
0.21 

TOTAL 

Shrubs 
Trees 

4040 
1782 

286 
1917 

0.38 
1.17 

0.05 
1.28 

Shrub  and  tree  sapling  density  was  significant- 
ly reduced  (P<C.05)  in  burn  sites  when  compared  to 
control  sites.   Mean  density  of  tree  seedlings 
was  also  generally  decreased  in  burn  sites  except 
for  Quercus  agrifolia,  Quercus  chrysolepis,  and 
Quercus  kelloggii,  which  increased  in  some  study 
sites  in  the  most  recent  burn.   Shrub  seedlings 
(Arctostaphylos  pungens  and  Ceanothus  palmeri) 
were  very  infrequent  in  all  control  and  burn 
areas.   Density  and  diversity  of  herbaceous  vege- 
tation were  generally  increased  as  a  result  of  the 
burning.   Bunch  grasses  in  meadow  areas  recovered 
quickly  from  the  removal  of  dead  grass  in  bunches 
by  the  fire.   Muhlenberg ia  rigens  (a  bunch  grass) 
recovered  143  percent  of  the  live  foliar  cover  3 
months  following  one  burn. 

The  results  of  this  study  indicate  that  pre- 
scribed burning  done  in  woodlands  can  eliminate 
shrubs  in  the  understory  without  affecting  trees. 
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Fire  in  the  Ecology  and  iVianagement  of  Torrey 
Pine  {Pinus  torreyana)  Populations^ 

Gregory  S.  McMaster' 


Fire  has  been  an  Important  historical  and 
biological  factor  in  southern  California  for  many 
centuries,  but  the  frequency  and  intensity  of 
fires  remains  uncertain.   The  role  of  fire  must  be 
incorporated  into  any  management  consideration, 
particularily  for  areas  such  as  the  Torrey  Pines 
State  Reserve  in  San  Diego,  Calif.,  which  is 
charged  with  maintaining  the  naturally  rare 
Pinus  torreyana  in  its  native  habitat. 

This  summary  will  present  three  lines  of 
evidence  to  support  the  hypothesis  that  crown 
fires  have  had  a  strong  selective  role  on  recruit- 
ment in  Torrey  pine  stands  and  the  implications 
for  management  alternatives  in  the  Reserve:   1) 
significant  recruitment  in  an  area  of  a  crown 
fire,  2)  limited  seedling  establishment  between 
fires,  and  3)  the  delayed  seed  dispersal  traits 
of  the  cones. 

In  1972  4.8  ha  were  burned  with  complete 
mortality  of  the  93  adult  Torrey  pines  in  the 
area.   Sampling  in  1981  revealed  that  the  burned 
stand  has  apparently  replaced  itself  (Table  1) , 
particularily  since  no  mortality  has  been  observed 
from  1979  to  1981,  mean  seedling  height  has  in- 
creased from  1.54  m  in  1979  to  2.40  m  in  1981  and 
some  establishment  is  still  occurring  (two  1981 
seedlings  were  found) . 

Table  1.   Seedling  establishment  following  a  1972 
crown  fire  with  complete  adult  mortality.   The 
burned  area  was  first  sampled  in  May  1979  and  then 
resampled  in  May  1981.   Seedling  estimates  for  the 
area  immediately  adjacent  to  the  burned  area  in- 
cludes all  individuals  20  years  and  less. 


Live  seedlings/ha 
Adults/ha 


Burned 
66 
20.8  (dead) 


Unburned 

0.8 

29.5 


Sampling  in  other  unburned  stands  recorded 
relatively  few  seedlings  (Table  2).   Establish- 
ment In  1978  was  exceptionally  above  normal 
(28/ha)  and  correlates  well  with  the  near  record 
rainfall  and  large  seed  crop  for  that  year.   How- 
ever, less  than  25%  of  the  total  seedlings  estab- 
lished in  1978  (including  those  outside  of  the 
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stands  studied)  were  still  alive  by  June,  1981. 
Seedling  establishment  declined  drastically  to 
less  than  1/ha  in  1979  and  1981,   The  reduced     ' 
establishment  noted  in  1979  and  1981  appears  to )e 
more  typical  and  is  supported  by  the  sapling  de • 
sltles  which  represents  establishment  for  the  l.!t,\ 
approximately  15  years.   A  mean  establishment  rlie 
of  .6  seedllngs/ha/yr  is  yielded  If  a  constant 
rate  of  establishment  is  assumed.   The  majority 
of  seedlings  and  saplings  discovered  in  the  Res'V! 
(about  93%)  are  found  in  microsltes  with  no  shriis 
or  dense  herbaceous  cover  and  the  survival  rate  if 
seedlings  in  open  areas  is  greater  than  those  wh 
dense  vegetation  nearby.   Further,  seedling  den- 
sity Is  correlated  with  the  amount  of  open  groui 
within  a  stand.   These  data  show  that  establishiiiit 
Is  much  higher  in  burned  than  unburned  areas,  ^is"' 
holds  for  both  total  number  of  seedlings  estab- 
lished and  the  proportion  of  live  seedlings  to 
adults  which  is  3.17  for  the  1972  burned  area  ai 
0.17  for  the  unburned  areas  when  combining  1978-1 
data. 

Table  2.   Seedling  establishment  between  fires. 
Sapling  data  were  recorded  in  1978  and  are  thos^ 
individuals  older  than  one  year  that  have  not 
reached  reproductive  age,  approximately  15  year^ 
Adult  densities  vary  over  time  as  the  size  of  tlj 
sample  areas  was  increased.   Estimates  of  live 
seedlings  are  through  May  27,  1981. 


Year  of  Establishment 


Total  seedlings/ha 

Live  seedlings  in 
1981/ha 

Adults/ha 


Torrey  pine  cones  can  be  retained  on  the  ti 
for  as  long  as  15  years  after  pollination,  and  c 
opening  is  only  about  75%  complete  2  years  follc- 
ing  seed  maturity.   About  77%  of  the  total  seed 
crop  in  1978  was  contained  in  cones  one  year  or 
more  past  maturity.   Serotinous  or  closed-cones 
are  considered  to  be  an  adaptation  to  crown  fire 
in  areas  with  little  establishment  between  fires 
The  retained  seed  is  available  for  the  period 
immediately  following  a  fire  when  the  probablllt 
of  successful  establishment  is  greatest.   The 
existence  of  delayed  seed  dispersal  in  Torrey  pi; 
is  consistent  with  the  hypothesis  of  sporadic 
crown  fires. 

The  probable  historical  importance  of  crown 
fires  to  Torrey  pine  presents  a  dilemma  to  the 
Reserve  management  since  Intense  conflagrations 
are  rarely  acceptable,  particularly  in  an  area 
with  an  urban  interface.   The  only  alternative 
that  can  be  foreseen  is  to  attempt  experimental 
controlled  burns  of  lesser  intensity  in  order  to 
see  if  this  will  be  acceptable  in  place  of  crown 
fires . 


ae- 
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irowth  and  Maintenance  Costs  of  Chaparral 
eaves' 


tissue  for  all  the  species  is  1,76  g  of  glucose 
(0.52  from  respiration  and  1.237  from  molecular 
skeletons)  (table  2). 


3se  Merino- 


Deciduous  and  evergreen  species  coexist  in  med- 
:erranean-type  ecosystems.   Their  leaves  differ 
msiderably  in  a  number  of  central  properties. 
I  order  to  assess  the  benefit  one  leaf   type  has 
rer  another  in  a  given  habitat,  the  costs  of  pro- 
icing  and  maintaining  the  leaf  must  also  be  ta- 
in into  account.   Here  I  compare  the  costs  of 
lilding  and  maintaining  leaves  of  drought  decidu- 
is  (Lepechinia  calycina  and  Diplacus  aurantiacus) 
d  evergreen  (Heteromeles  arbutifolia)  raediterra- 
an-climate  plants. 

For  calculating  the  respiration  components,  I 
opt  th«'  model 

SRR  =  Rg  SGR  +  Rm 

ere  Rg  and  Rm  are  the  coefficients  of  growth  and 
intenance  respiration,  SRR  is  the  specific  res- 
ration  rate  and  SGR  the  specific  growth  rate  of 
e  leaf. 


SULTS  AND  DISCUSSION 

There  were  no  significant  differences  among  the 
values  of  the  three  species  on  a  weight  basis 
ible  1) .   The  average  total  cost  per  gram  of  leaf 


Table  2 — Total  growth  cost 


g  gluc/g 

dw  1 

g  gluc/m^ 

March 

L.  calvcina 

1.72 

91.58 

D.  aurantiacus 

1.82 

118.26 

May 

L.  calycina 

1.72 

128. lA 

D.  aurantiacus 

1.82 

209.85 

H.  arbutifolia 

1.71 

1A6.89 

The  results  indicate  that  the  hypothesis  that 
evergreen  leaves  are  more  expensive  to  construct 
than  deciduous  ones  may  not  be  generally  true. 
This  may  be  due  to  the  high  concentrations  of  re- 
sins or  terpens  in  the  deciduous  species  which 
were  studied.   Those  components  are  presumably 
involved  in  such  functions  as  drought  resistance, 
herbivore  protection  and,  perhaps,  f lammability. 

The  maintenance  cost  values  found  in  this  study 
are  significantly  higher  than  those  calculated  by 
others  for  different  chaparral  species  (table  3) . 

The  lower  maintenance  cost  of  the  evergreen 

species  may  be  important  in  the  plant's  lone  term 
success,  because  many  evergreen  leaves  endure 
extended  periods  in  which  photosynthetic  CO-j 
gain  is  very  low. 


Table  3 — Maintenance  cost 
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g 

gluc/g  dw/d 

ay 

h 

gluc/m^/day 

March 

L.  calycina 

0.0339 

1.8204 

D.  aurantiacus 

0.0199 

1.3015 

May 

L.  calycina 

0.0227 

1.6911 

D.  aurantiacus 

0.0190 

2.1907 

H.  arbutifolia 

0.0174 

1.4907 

Table  1 — Respiration  coefficients  expresed  on  a  weight  and  area  basis 


Rp 


Rm 


M. 


Rm 


March 


g  C02/g  dw    »g  C02/g  dw/s 


g  C02/m2 


^g  C02/m2/s 


L. 

calycina 

1.071 

0.5750 

57.51 

30.88 

D. 

aurantiacus 

0.620 

0.3378 

40.54 

22.08 

May 

L. 

calycina 

0.740 

0.3851 

55.13 

28.77 

D. 

aurantiacus 

0.855 

0.3232 

98.58 

37.27 

H. 

arbutifolia 

0.646 

0.2958 

55.49 

25.41 

Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
iriment  Station.  Forest  Service.  U.S.  Department  of  Agriculture;  1982. 


619 


New  Approaches  to  Harvesting  Chaparral  for 
Energy^ 


J.  A.  Miles  and  G.  E.  Miller-^ 

Harvesting  chaparral  for  fuel  requires  meet- 
ing cxDnstraints  which  will  require  new  machines 
and  systems.  In  addition  to  being  economically 
feasible,  the  systems  must  keep  the  fuel  as  clean 
as  possible  because  even  a  very  small  amount  of 
soil  or  rock  will  make  the  biomass  unacceptable 
for  ccmbustion  or  gasification.  Any  rock  may 
also  be  very  detrimental  to  intermediate  process- 
ing equipment.  The  system  must  also  be  able  to 
harvest  chaparral  on  a  variety  of  terrain  types 
without  major  changes  in  road  systems.  Finally, 
in  seme  areas,  minimum  impact  systems  which  do 
little  soil  distinrbance  and  leave  root  systons 
intact  are  essential  to  protect  soil  and  water 
quality. 


Figure  1~A  very  light  weight  vehicle  is  used  to 
cut  and  windrow  chaparral. 


Figure  2— The  bicmass  is  moved  to  a  landing  site 
using  a  cable  systan  which  can  move  over  the  area 
with  reasonable  speed  and  very  little  impact. 
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Figure  3~The  biotiass  is  placed  into  a  module 
builder,  adapted  fran  the  cotton  industry,  dis-  « 
tributed  and  coipressed  into  a  unit  7%  feet  wideF'" 
30  feet  long  and  8  feet  high. 


Figure  4~A  free  standing  module,  having  a  densi^ 
of  8  to  10  lb  /ft 3 ,  ready  to  be  picked  up  by  a 
transport  vehicle. 


Figure  5 — To  increase  bionass  density,  the  mater 
ial  may  first  pass  through  a  tub  grinder,  then 
into  the  module  builder. 


Figure  6— The  resultant  free-standing  module  has 
a  density  of  25  to  30  lb  /ft^ 
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)nderosa  and  Jeffrey  Pine  Foliage  Retention 
dicates  Ozone  Dose  Response^ 

ul  R.  Miller  and  Robert  E.  Van  Doren- 


Ozone  is  the  component  of  photochemical  air 
llution  responsible  for  damage  to  tree  species 
uprising  the  mixed  conifer  and  pine  types  of 
uthern  Sierra  Nevada  and  southern  California 
untains.   In  these  forests  ponderosa  pine  (Pinus 
nderosa  (Laws.)  and  Jeffrey  pine  (P^.  Jef f reyi 
ev.  and  Balf.)  are  the  most  sensitive  to  ozone, 
e  purpose  of  this  study  was  to  examine  needle 
jury  symptom  development  leading  to  premature 
nescence  and  abscission  as  a  function  of  ozone 
se  and  intraspecif ic  variation  of  ozone  sensi- 
vity . 

Thirteen  ponderosa  or  Jeffrey  pine  saplings  or 
all  pole-sized  trees  were  selected  at  each  of  5 
ots  located  in  the  San  Bernardino  National  Forest 
ong  a  gradient  of  decreasing  ozone  dose.   The 
perimental  plot  locations  and  respective  mean 
asonal  ozone  doses  (parts  per  million-hours)  for 
76,  1977,  and  1978  were:  Dogwood  (DWA),244.3; 
nnel  2  Ridge  (T-2) ,  222.8;  Camp  Angeles  (CA) , 
8.0;  Deer  Lick  (DL) ,  191.8;  and  Camp  Osceola 
kO)  ,    166.4.   The  individual  ozone  sensitivity  of 
ees  at  each  plot  was  recognized  by  segregating 
em  into  categories  defined  by  the  average  num- 
r  of  annual  needle  whorls  retained  in  the  lower 
own  at  the  outset  of  the  three-year  observation 
riod.   Incremental  increases  of  the  percent  of 
e  total  needle  length  with  chlorotic  mottle 
zone)  symptoms  were  measured  for  each  needle  age 
biweekly  intervals  from  mid-June  to  early  Sep- 
nber .   Incremental  values  were  summed  to  obtain 
e  seasonal  increase.   Counts  of  needles  of  dif- 
rent  ages  remaining  in  their  respective  whorls 
re  made  at  the  beginning  and  end  of  each  summer 
ason  to  provide  information  on  abscission  rates. 

Results  show  that:  1)  needle  injury  symptom  de- 
lopment  of  the  trees  was   significantly  different 
ong  four  chronic  injury  categories  resulting 
om  exposure  to  the  range  of  ozone  doses  experi- 
ced  at  the  five  plots;  and  2)  the  abscission 
tes  with  all  chronic  injury  categories  combined 
ve  a  positive  correlation  with  the  gradient  of 
creasing  seasonal  doses  represented  by  the  five 
ots . 
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The  example  of  needle  injury  symptom  develop- 
ment for  1977  in  Table  1  illustrates  the  important 
effect  of  inherent  tree  sensitivity  to  ozone  as 
represented  by  the  average  number  of  annual  needle 
whorls  retained.   Significant  injury  to  current 
year  needles  was  experienced  only  by  trees  of  the 
most  sensitive  category.   The  rate  of  injury  in- 
crease is  most  rapid  for  one-year-old  needles  in 
all  chronic  sensitivity  categories. 


Table  1 — Mean  percentage  of  the  total  needle  length 
with  ozone  injury  symptoms  for  the  current  and 


Number  of 
Annual  Needle 
Whorls  Retained 


Needle  age 


One-year-old 


Current  Year 


Percentage   of    total 

leng 

th    injured 

1 

1 

91.4    A 

33.2   A 

2 

53.7      B 

5.2      B 

3 

25.6        C 

0.8      B 

4 

23.7         C 

0.1      B 

Means  with  same  letter  are  not  significantly 
different . 

Needle  fall  (abscission)  was  most  dramatic  after 
two  seasons  of  exposure  when  visible  needle  injury 
had  reached  80-90  percent.   Most  abscission  occur- 
red over  the  winer.   In  Figure  1  the  relation  of 
increasing  needle  loss  to  increasing  ozone  dose  is 
evident  with  the  exception  that  CA  with  a  slightly 
lower  dose  than  T-2  had  a  greater  loss  of  needles. 
This  result  cannot  be  explained  by  any  single  var- 
iable, however  the  influence  of  winter  conditions 
on  abscission  is  the  least  defined  variable  and 
requires  further  investigation. 
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Figure  1 — Needle  abscission  rates  for  a  population 
of  ponderosa  and  Jeffrey  pines  including  all  ozone 
sensitivity  categories  in  relation  to  the  ozone 
doses  experienced  at  5  plots. 

These  results  provide  better  quantification  of 
the  population  response  of  these  pines  to  chronic 
ozone  doses  under  field  conditions,  and  suggest 
that  silvicultural  prescriptions  should  identify 
and  conserve  ozone  tolerant  individuals. 
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Consumption,  Digestion,  and  Utilization  by 
Yearling  Goats  of  Oak  (Quercus  coccifera) 
Foliage  at  Three  Phenological  Stages' 

Anastasios  S.  Nastis  and  Leonicas  G.  Liacos^ 


Kermes  oak  (Quercus  coccifera  L.)  ,  a  small  txee 
occurring,  in  general,  in  shrub  form,  is  a  dominant 
species  of  brushlands  v^ich  occupy  several  million 
hectares  of  land  in  the  Mediterranean  area.  This 
plant  gives  a  relatively  good  browse  production 
and  is  consumed  in  varying  quantities  by  domestic 
and  wild  animals  (Liacos  and  ffoulopoiolos  1967, 
Nastis  1981) .  However,  its  nutritional  value  has 
not  been  fully  assessed. 

Oak  browse  harvested  at  three  discrete  phenolo- 
gical stages  was  offered  fresh  to  yearlir^  goats. 
Feed  intake  and  excretions  were  measured  during 
10-day  digestion  trials.  Nitrogen  content  was  de- 
termined for  feed, feces, and  urine.  Feed  and  fecal 
samples  were  analyzed  for  gross  energy  content 
(A.O.A.C.  1960)  and  urinary  energy  was  calculated 
according  to  Street  et  al.  (1964)  . 


Results 

Voluntary  intake  by  goats  was  found  to  be  sig- 
nificantly (P  0.05)  higher  when  animals  were 
consuming  the  spring  diet  (74  g/BW   )  as  compared 
to  the  suixmer  diet  (55  g/Bl/^- '^)  ,  while  fall  diet 
(59  g/BW  )  was  not  significantly  different  from 
either  of  them.  This  variation  in  intake  might  be 
attributed  to  the  differences  of  the  rate  and  ex- 
tent of  feed  digestion  (digestion  coefficient  69, 
51  and  52  respectively) .  Digestion  was  closely 
related  to  crude  protein  content  (7.9,  6.4  and 
7 . 1  percent  respectively) ,  and  to  soluble  carbo- 
hydrates but  inversely  related  to  structural  carbo- 
hydrates and  lignin. 


1 
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Intake  rates  of  kermes  oak  browse  collected  i  ,||, 
spring  and  fall  were  higher  from  that  of  an  alfa-  ' 
fa  diet  (Nastis  1977)  vAiile  intake  of  kernes  oak  ;ii 
collected  during  summer  was  not  different.  Proba 
bly,  intake  rates  were  higher  because  browse  was 
fed  in  its  natural  green  form. 

Nitrogen  intake  was  significantly  higher  for 
spring  than  for  sunmer  and  fall  diets.  In  a  simi 
lar  way  nitrogen  digested  (73.9  percent)  and  re-|| 
tained  (51 .9  percent)  for  spring  diet  were  signi 
ficantly  higher  than  for  summer  (43.9  and  15.1 
percent)  and  fall  (42.0  and  0.0  percent)  diets. 
This  indicates  that  net  nitrogen  retention  was 
influenced  by  browse  quality,  v\diich  undoubtly  vaj  ! 
ried  in  different  phenological  stages. 

Energy  balance  for  browse  collected  in  spring 
has  shown  that  digested  (75  percent)  and  metabo- 
lized energy  (49  percent)  were  significantly  higa: 
(P'-0.05)  than  for  summer  (51  and  20  percent)  an( 
fall  (50  and  5  percent )diets. 

Animal  weight  gain  had  a  similar  trend  to  fe 
nitrogen  and  energy  intake  and  their  digestibilif 
Although  nitrogen  consumption  per  kg  of  body  weint 
is  higher  for  the  browse  collected  in  spring  and 
fall  in  cortparison  to  an  alfalfa 'diet  (Nastis  19), 
weight  gain  was  always  lower  and  even  a  loss  was 
observed  for  the  sunmer  and  fall  diets.  This  was 
attributed  to  the  high  proportion  of  nitrogen  loi. 
as  metabolical  fecal  conponent  and  the  limited  m( 
tabolized  energy  of  kermes  oak  browse. 
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istburn  Vegetation  Along  Environmental 
adients  in  a  Southern  California  Shrubland" 


in  F.  O'Leary^ 


Ten  thousand  hectares  of  chaparral  and  coastal 
ie  scrub  in  the  central  Santa  Monica  Mountains 
ned  in  fall,  19  78.   Following  an  exceptionally 

winter,  the  post-burn  landscape  was  covered  by 
eavy  flush  of  herbaceous  vegetation.   High  geo- 
ic  and  topographic  diversity  in  this  area 
mpted  several  questions  regarding  this  herbland 
se.   Does  composition  of  post-burn  vegetation 
y  along  an  elevational  gradient,  aspect  and 
strate  held  constant?   Does  composition  vary 
ween  sites  due  to  substrate  differences,  as- 
t  and  elevation  controlled?   Can  changes  in 
ristic  similarity  be  attributed  to  aspect  if 
strate  and  elevation  don't  vary? 

Twenty-two  sample  sites  were  stratified  by  two 
strate-types,  andesite  and  sandstone,  two  as- 
ts,  NNE.  and  SSW. ;  and  elevation  at  150  meter 
ervals  between  95  and  875  meters.   Floristic 
ambiance  between  sites  was  computed  by  using 
ercentage-similarity  index.   Progressive  com- 
ison  of  sites  encountered  along  the  elevational 
dient  to  the  lowest  site  of  a  particular  sub- 
ate  and  aspect  yielded  mixed  results  (Figure  1). 
expected,  floristic  resemblance  decreased  as 
vation  increased  with  south-aspect  andesite 
north-aspect  sandstone  sites.   Sites  along  the 
th-aspect  sandstone  gradient  fluctuated  while 
se  along  the  north-aspect  andesite  gradient  in- 
ased,  probably  due  to  the  elevational  range 
pled  being  less  than  the  mean  amplitude  of  the 
inant  species. 

Floristic  resemblance  of  sites  located  on  dif- 
ing  substrates  having  identical  aspects  and 
vations  produced  different  results  (Figure  2) . 
southerly  aspects,  dissimilarities  between  such 
es  were  initially  high,  but  decreased  regularly 
h  elevational  increase.   Greater  rainfall  and 
ler  temperatures  associated  with  elevational 
a  may  provide  additional  soil  moisture  which 
Id  compensate  for  the  more  xeric  nature  of 
dstone-derived  soils  and  the  substantial  dif- 
ences  in  each  substrate-type's  nutrient  status. 
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Figure  1 — Percentage  similarity  of  sample  sites 
encountered  along  elevational  gradient  compared 
to  lowest  sites  (95  meters) . 
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Figure  2 — Floristic  similarities  of  sites  having 
different  substrates,  aspect  and  elevation  being 
identical,  and  of  sites  having  opposing  aspects, 
substrate  and  elevation  being  identical. 


The  greatest  dissimilarities  were  found  on  op- 
posing aspects  when  elevation  and  substrate  were 
similar.   Dominant  post-burn  herbs  appear  to  pos- 
sess narrow  soil-moisture  and  micro-climatic  tol- 
erances, and  most  exhibited  distinct  aspect  pref- 
erences (e.g.  Chaenactis  artemlsiaefolia  and 
Phacelia  parryi) .   Some  preferred  a  specific  sub- 
strate-type in  addition  to  a  particular  aspect 
(e.g.  Eucrypta  chrysanthemi folia  and  Calystegia 
macrostegia) . 
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Reseeding  of  Burned  Mediterranean 
Brushlands  in  Greece' 


Vasilios  P.  Papanastasis  and  Anthony  C.  Pittas- 


There  are  two  major  types  of  mediterranean  brush- 
lands  in  Greece,  phrygana  and  the  evergreen  scle- 

rophyllous  brushlands.  Phrygana  are  open-scrub  com- 
munities and  occupy  the  driest  part  of  the  precipi- 
tation gradient.  Evergreen  brushlands  are  dense 
communities  and  occupy  the  wettest  part  of  the  pre- 
cipitation gradient.  They  include  maquis  and  the 
kermes  oak  (Quercus  coccif era  L.)  brushlands. 

Large  areas  are  burned  by  wildfires  in  both 
these  types  every  year.  Existing  management  policy 
anticipates  reforestation  of  the  burned  areas 
either  by  artificial  or  mainly  by  natural  means 
(through  regeneration  of  the  native  vegetation) 
and  allows  no  grazing  by  the  domestic  animals. This 
policy,  however,  does  not  protect  the  burned  areas 
since  natural  revegetation  takes  a  relatively  long 
time,  when  the  potential  for  soil  erosion  is  very 
high. 

Over  the  last  few  years  experiments  were  made 
in  several  burned  brush  sites  around  the  country 
in  order  to  investigate  the  possibilities  of  secu- 
ring a  temporary  vegetative  cover  by  seeding  right 
after  the  fire  improved  annual  or  perennial  grasses 
and  legumes.  This  cover  will  not  only  protect 
the  soil  from  erosion  but  it  will  also  provide 
abundant  and  nutritious  forage  to  the  domestic  and 
wild  animals. 

This  paper  summarizes  the  up-to-now  results  of 
the  reseeding  experiments  over  both  the  phrygana 
and  the  evergreen  brushlands. 
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PHRYGANA 

Seedings  were  done  at  three  different  sites  d' 
minated  by  the  dwarf  shrub  Sarcopoterium  spinosui 


(L.)  Spach.  and  at  one  site  dominated  by  the  hal, 
shrub  Phlomls  fruticosa  L.  All  sites  were  burned 
by  wildfires  in  the  summertime  and  they  were  pla: 
during  the  early  fall  months. 

The  species  used  were  a  mixture  of  the  annua, 
grasses  Blando  brome  (Bromus  mollis  L.),  Califon 
bromegrass  ( Bromus  carinatus  Hook.),  Italian  rye- 
grass (Lolium  multiflorum  Lam.),  and  Wimmera  rye 
grass  ( Lolium  rigidum  Gaud.).  The  seeds  were  bro; 
casted  at  a  rate  of  20  Kg/ha 


OT 

iinai 


It  was  found  that  all  species  germinated  and 
established  quite  well  but  only  in  places  where 
white  ash  was  deposited  following  the  wildfire.Oi 
the  contrary,  in  places  where  black  ash  was  form( 
indicating  an  incomplete  burn,  either  the  speciei 
did  not  germinate  or  they  germinated  but  the 
seedlings  died  soon  due  to  the  heavy  competition 
by  the  native  vegetation. 

It  is  concluded  that  reseeding  should  be  rest! 

ted  to  only  those  sites  where  the  burning  is  com' 

plete  and  a  layer  of  white  ash  is  deposited  on  tl 
ground  after  the  wildfire. 


EVERGREEN  BRUSHLANDS 


They  were  seeded  on  two  sites  burned  by  wild 
fires,  one  in  a  typical  maquis  and  the  other  in  , 
open  kermes  oak  brushland;  also,  a  third  site  in 

dense  kermes  oak  brushland  burned  by  a  controllec  [[jn, 
fire.  The  species  planted  were  the  annual  grasse; 
Italian  and  Wimmera  ryegrasses  and  Blando  brome 
and  the  perennial  ones  orchardgrass  (Dactylis  gl< 
merata  L. ) ,  Hardinggrass  (Phalaris  tuberosa  L.) 
and  smooth  brome  ( Bromus  inermis  Leyss.).  In  add 
tion  the  legumes  rose  clover  (Trifolium  hirtum 
All.)  and  birdsfoot  trefoil  (Lotus  corniculatus  1 
were  used. 


It  was  found  that  most  of  these  species  securf 
a  good  vegetative  cover  and  an  increased  herbage 
yield  in  the  burned  study  sites.  Perennials  got 
established  and  performed  better  in  places  with 

soil  and  less  than  25  per  cent  slope , (Papanastas 
1978,  Liacos  et  al.  1980). 
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actors  Affecting  Germination  of  Southern 
alifornia  Oaks^ 


imothy  R.  Plumb^ 


percent,  to  40  percent  on  the  last  collection  date 
of  each  species.   At  planting,  detipped  acorns 
were  placed  in  moist  vermiculite  in  plastic  bags 
at  a  temperature  of  about  24°  C.   When  stratified, 
viable  acorns  could  be  picked  as  early  as  July  27 
for  Q^.  kelloggii  and  August  10  for  Q^.  chrysolepis 
and  Q.    wislizenii;  unstratified  acorns  did  not 
germinate  unless  collected  2  to  4  weeks  later. 


ACORN  STORAGE 


Successful  propagation  of  California  oaks 
juercus  spp.)  requires  that  factors  controlling 
;rmination  be  identified.   To  accomplish  this, 
jveral  laboratory  and  greenhouse  studies  were  run 
)  determine  (1)  how  close  to  acorn  maturity  (here 
)nsidered  to  be  the  time  of  acorn  drop)  viable 
:orns  can  be  harvested,  (2)  the  effect  of  cold 
reatment  (stratification)  and  removing  the  acorn 
lell  (pericarp)  on  viability,  and  (3)  the  effect 
:  moisture  content  on  long-term  acorn  storage. 


iTE  OF  COLLECTION  AND  ACORN  TREATMENT 

The  acorns  of  southern  California  oaks,  depend- 
ig  on  species,  ripen  between  September  and  Novem- 
•r.   Ripening  time  varies  from  year  to  year 
■pending  on  growing  conditions  and  elevation, 
.rly  trials  indicated  germination  is  hastened  by 
moving  the  tip  of  the  acorn  pericarp.   A  later 
St  using  Quercus  dumosa  Nutt.  acorns  showed  that 
)  viable  acorns  could  be  picked  at  least  Ih   to  2 
nths  before  normal  drop,  (2)  the  tip  of  the 
ricarp  needed  to  be  removed  from  immature  acorns 
obtain  satisfactory  germination,  and  (3)  when 
e  acorns  were  mature,  pericarp  removal  was 
necessary  (table  1). 

Between  July  14  and  October  19,  1978,  I  ran 
■  other  collection  test  using  Q^.  kelloggii  Newb., 
I  chrysolepis  Liebm.,  and  _Q.  wislizenii  A. DC. 
iorns.   Acorn  moisture  content  (fresh  weight 
Isis)  declined  from  a  July  14  high  of  70  to  80 
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Early  picked  Q.  dumosa  acorns  were  stored  in 
plastic  bags  at  4°  C  for  6  to  12  months  with 
limited  success.   Most  of  the  acorns  germinated 
within  1  to  2  months  but  produced  an  unacceptable 
mass  of  twisted,  moldy  roots,  shoots,  and  acorns. 

I  ran  tests  to  determine  the  effect  of  air 
drying  on  the  viability  of  immediately  planted  and 
stored  acorns.   In  one  test,  acorns  harvested  in 
early  September  were  dried  to  different  percent- 
ages of  their  initial  fresh  weight  (IFW)  ranging 
from  no  drying  (100  percent)  down  to  40  percent  of 
IFW  in  10  percent  increments.   Acorns  from  each 
moisture  class  were  sown  immediately  or  placed  in 
cold  storage  and  removed  at  2-month  intervals  for 
sowing.   No  acorns  dried  to  40  percent  IFW  ger- 
minated, but  those  dried  to  50  percent  IFW  ger- 
minated when  sown  immediately  (acorns  in  this 
moisture  class  were  not  stored).   No  acorns  dried 
to  60  percent  IFW  germinated  during  storage  and  90 
percent  germination  was  obtained  after  8  months  of 
storage.   Most  acorns  dried  to  80  percent  had 
germinated  in  cold  storage  within  6  months,  while 
84  percent  of  the  undried  acorns  had  germinated 
within  2  months. 


Table  1 — Germination  of  intact  and  partially 
shelled  acorns  harvested  at  different  dates 


Acorn 

Germination,  by  harvest 

date 

treatment 

8/17 

8/31 

9/14 

9/28 

10/12 

Percent 

Intact 

acorns 

15      4     0      20 

90 

Tips 

removed 

50     89    86     100 

95 
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Control  of  California  Scrub  Oak  with 
Soil-Applied  Chemicals^ 

T.  R.  Plumb  and  J.  R.  Goodin' 


treatment,    compared    to  only   0   to   2  percent   kill 
for   the  other  herbicides.      Rate   of   plant   kill   wa 
also   directly  related    to   the  amount   of   herbicide 
applied,    with   most    kill    occurring   within   24   montl 
at   the  high   rates.      At   the   low  rates,   more   than 
percent   of    the   kill   occurred   between  24  and   36 
months. 


In   two   tests,    pelleted,    soil-applied  herbicides 
were  used    to   prevent   sprouting   of    California  scrub 
oak    (Cjuercus  dumosa   Nutt.).        A  trial   broadcast 
application  of    12   lb  active   ingredient    (a.i.)    of 
picloram   (4-amino-3,5,6-trichloropicolinic  acid) 
pellets   per  acre  prevented   sprouting   of   scrub   oak 
stumps.      Further   tests   were  designed    to  confirm 
these   results  and   to   determine  minimum  effective 
rates   of   picloram  and   other   pelleted   herbicides 
such  as   fenuron   (1, l-dimethyl-3-phenylurea)   and 
karbutilate    [tert-butylcarbamic   acid   ester   with 
3-(m-hydroxyphenyl)-l , 1-dimethylurea] . 

In  the  first    test,    three   rates   of    fenuron, 
picloram,   and   karbutilate    (high  and   low  rates  are 
listed   in  table   1)    were  broadcast   applied   in 
December   1968   to  a  total   of    twenty-seven  40-  by 
40-ft   plots.      Herbicide   effect   was  monitored   on  20 
oak  plants   in  each  plot.      The   area  had   been  burned 
in  a   wildfire   in   196  7.      At   the   time   of    treatment, 
oak   regrowth  was    1   to   3   ft    tall   and   occasional 
grass  and   other  herbaceous   plants   were   present. 

Results   3  years   after   treatment    (table    1)    show 
that  an  average  plant   kill   of    70  percent   or 
greater  was  obtained   with  per  acre   rates   of 
fenuron  at   30   lb    (a.i.),    picloram  at   8  and    12    lb, 
and   karbutilate  at   8,    16,    and   24   lb.      Oak   response 
to  picloram  was   considerably  more   rapid   than  it 
was   to   fenuron  and   karbutilate,    and   25   to   50  per- 
cent   of    the   plants   were   dead   within   8   months    of 
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There  were  obvious   differences  among  herbicide 
effects   on  herbaceous  vegetation   1   year  after 
treatment.      A  dense   stand   of   grass  had   been  estal 
lished   on   the   picloram  plots,    while   the    karbuti- 
late plots  were  bare.      Fenuron  did   not   noticeabl' 
affect   grass   establishment  at   the    low  rate  but 
inhibited    it   at   the  higher   rates.      A  dense   grass 
cover   was   present   on  all   plots   within   three   grow- 
ing  seasons,   with   the  exception  of    those    that 
received   the  high  rate   of    karbutilate;    those   wert 
still  bare.      After   5h  years,    there  was   a  dense 
cover   of   grass   on  all   plots;    after   7   years,    then 
was  a  stable   grass   cover  with  no   invasion  of   woo( 
plants   where    initial   shrub   control  had   been 
obtained . 

The   complete  soil    sterilization  resulting   fror 
broadcast   application   of    karbutilate   was  undesir- 
able.     A  second   test   was   run  on  an  adjacent   site 
in  April    1969   to   determine   the  amount   of   oak 
control   obtained   with  karbutilate  applied   at   8  ai 
16   lb  a.i.    per  acre   in  a   2J2-  and   5-ft   grid   pat- 
tern.     Good   oak  control   was  obtained   with  both 
rates    in  the   215-ft   pattern  and   with    16   lb  at    5  fi 
Karbutilate  did   not   prevent   grass   establishment 
throughout   the  major   portion   of    the  plots.      How- 
ever,   the   treated   spots   themselves  were   still  bai 
7   years    later   with  a   few  grass  plants   beginning   1 
invade   the   "8-pound"  spots. 

Table    1 — Response  of   sprouting   scrub   oak   trees  1 
soil-applied  herbicides  and   subsequent   grass 
production 


Grass 

a.i.^ 

Dead   plants 

weigh 

24 

36 

at   3( 

Herbicide 

per  acre 

months 

months 

montl 

Lb/acre 

Percent 

Lb/ac 

Fenuron 

10 

9                 22 

35( 

30 

57                 82 

80( 

Picloram 

4 

18                 44 

109C 

12 

73                 78 

74C 

Karbutilate 

8 

35                 71 

106C 

24 

98               100 

C 

active    ingredient 
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ange  Experimental  Dynamics,  Management 
id  Hydrology  in  "Garrigue"  oiQuercus 
)ccifera  L.  (S.- France)^ 

Poissonet,  J.  Poissonet,  M.  Thiault,  and  S.  Rambal-' 


The  "garrigue"  of  Quercus  coccifera  is  a  dense 
rubby  evergreen  vegetation,  under  humid  and  sub- 
mid  mediterranean  climate,  generally  situated 

limestone  areas.  It  is  used  for  extensive  pas- 
re  (about  half  a  sheep  per  ha)  or  abandoned, 

%  of  the  total  aerial  weight  is  composed  of 
rubs  and  the  rest  (3  %)  of  herbaceous  vegeta- 
on.  From  time  to  time,  it  is  burnt,  but,  conse- 
ently,  little  by  little,  this  practice  dimi- 
shes  the  fertility. 

R  RESEARCHES 

Their  aims  are  to  open  the  vegetation,  to  fa- 
ur  herbaceous  species  and  to  increase  the  num- 
r  of  sheep  per  ha.  So,  two  experimental  nhases 
ve  been  taking  place  from  1969  till  now. 

rst  experimental  phase 

The  hypotheses  are  the  following:   first,  to 
eak  up  aerial  vegetation  allows  us  to  open  the 
rubland,  and  then  fertilization  and  cutting 
low  us  to  keep  the  vegetation  open,  to  decrease 
e  percentage  of  shrubs,  and  thus  to  increase 
at  of  the  herbaceous  species.   So,  the  ae- 
al  material  was  broken  up  in  1969.  The  area  was 
vided  in  63  plots  (10  x  5  m  each).  Two  factors 
re  tested  at  three  levels: 3  dates  of  successive 
ttings  and  3  levels  of  fertilization  (0,  100 
d  200  kg  of  N,  P^O  and  K2O  per  ha,  per  year), 
cording  to  a  factorial  design,  from  1^69  till  1976- 

The  main  results  are  : 
Breaking  up  and  cuttings  allow  to  open  vegeta- 
tion 

From  1970  till  1976,  the  not-fertilized  plots 
give  500  kg  DM  per  ha  per  year,  on  an  average, 
the  moderately  fertilized  ones  2,400  kg,  the 
highly  fertilized  ones  3,000  kg. 
At  the  end  of  the  experiment,  the  ratio 
herbaceous  dry  weight  reaches  50  %  in  the  not  - 

total  dry  weight 
fertilized  plots,  90  %  in  the  moderately  ferti- 
lized ones  and  95  %  in  the  highly  fertilized 
ones  . 

The  maximum  number  of  sheep  (from  calculations) 
is  2  per  ha  in  the  not-fertilized  plots  and  3,5 
in  the  fertilized  ones. 
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.  In  all  cases,  the  quality  and  quantity  of  vege- 
tation are  better  for  sheep  than  the  ones  after 
burning. 
.  The  leguminosae  are  never  numerous. 

In  conclusion,  breaking  up,  cuttings  and  ferti- 
lizations are  interesting  processes  to  open  the 
"garrigue"  and  to  increase  the  livestock,  but  it 
is  necessary  to  try  these  processes  with  flock  on 
large  plots,  replacing  cutting  by  grazing. 

Second  experimental  phase 

The  hypotheses   concern  the  second  part  of  the 
"above  conclusions  plus  differences  about  the  hydro- 
logical  system  between  the  natural  garrigue  and 
the  experimental  garrigue. 

In  1974,  after  breaking  up  aerial  material, 
12  hectares  were  subdivided  in  4  plots  for  rota- 
ting a  flock  -  3  sheep/ha-,  with  the  moderate  le- 
vel of  fertilizing.  Moreover,  twelve  access  tubes 
for  neutron  moisture  gauge  were  set  up,  with  a  self- 
propelled  wagon  drill,  beyond  the  root  range  (five 
meters  for  the  deep-rooted  evergreen  species  like 
kermes  scrub-oak): 4  access  tubes  in  the  natural 
garrigue  and  8  in  the  experimental  garrigue. 

In  1976,  another  similar  experiment  began,  with 
5  sheep/ha. 

The  results  are  : 
.  It  is  necessary  to  break  up  aerial  shrubs  every 
three  years  if  there  are  3  sheep/ha,  every  four 
years  if  there  are  5  sheep/ha. 
.  The  increase  of  the  pastoral  value  is  slower  but 
lasts  longer  with  sheep  than  with  cuttings.  It 
reaches  7  sheep  per  ha,  after  five  years  of  expe- 
riment. 
.  The  quantity  of  bare  ground  is  decreasing  and  the 
one  of  herbaceous  species  is  highly  increasing, 
specially  Arrhenatherum  elatius  (L. )  Mert.  et  K., 
but  almost  no  leguminosae. 
.  During  the  vegetative  period,  the  total  actual 
evapotranspiration  is  10  %  higher  in  the  natural 
garrigue  than  in  the  experimental  one.  So,  the 
increase  of  hydrogeological  resources  (i.  e.  deep 
percolation  beyond  the  root  zone)  is  not  negli- 
gible in  the  experimental  garrigue : from 
6.1  X  103  m3/Km2  to  113.5  x  10^  m3/Km2  during 
the  experiment  years. 
In  conclusion,  the  experimental  garrigue  feeds 
5/sheep/ha  against  half  a  sheep/ha  in  the  natural 
garrigue  and  the  water  balance  is  comparatively 
excedentary.  However,  5  sheep/ha  are  not  able  to 
perfectly  control  the  shrubs,  and  the  leguminosae 
are  not  numerous. 

GENERAL  DISCUSSIONS 

.  Is  the  excedentary  water  balance  to  be  employed 
to  produce  more  herbaceous  food  ?  If  the  answer 
is  positive,  how  is  it  possible  ? 

.  How  to  perfectly  control  shrubs  by  means  of  ani- 
mals ?  To  increase  the  instantaneous  livestock 
by  an  obligatorv  shrub-browsing  after  grass- 
browsing,  by  trampling  and  by  litter  ?  To  use 
another  type  of  animals  or  several  ones  (goats, 
cows,  horses)  ? 

.  Are  the  leguminosae  going  on  increasing,  little 
by  little  ?  What  is  the  manner  to  favour  their 
increase: seeds ,  oligo-elements  or  general  in- 
crease of  fertility  ? 
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Effects  of  Sulfur  Dioxide  Pollution  on 
California  Coastal  Sage  Scrub^ 


Kris  P.  Preston^ 


The  effects  of  sulfur  dioxide  emissions  (up  to 
0.13ppm  for  25  yr   )  from  an  oil  refinery  were 
studied  near  Santa  Maria,  on  the  rural  central 
coast  of  California.   Injury  to  individual  shrubs 
of  Salvia  mellifera  and  changes  in  community 
structure  and  foliar  composition  were  measured  at 
varying  distances  downwind  from  the  refinery.   A 
Gaussian  plume  rise  model  and  soil  pH  indicated 
that  maximum  SO2  ground  level  concentrations 
(GLCs)  occurred  between  1300  and  1600  meters  down- 
wind of  the  refinery  stacks. 

Polynomial  regressions  were  used  to  plot  changes 
in  community  and  damage  parameters  with  increasing 
distance  from  the  pollution  source.   Figure  lA 
illustrates  the  changes  in  species  diversity 
along  the  SO2  gradient.   The  curve  for  species 
richness  (R^=.80,  P  <..001)  peaks  where  maximum 
SO2  GLCs  occur.   In  contrast,  the  curve  for 
Simpson's  index  (R'^=.77,  P<  .001)  reaches  its 
lowest  value  in  this  area.   Polynomial  curves  for 
percent  perennial  cover  (R  -.82,  P  <"  .001),  per- 
cent annual  cover  (R^=.83,  P  <  .001),  and  percent 
cover  of  exotic  species  (R^=.86,  P  <C.001)  are 
given  in  figure  IC.   Perennial  species,  for  the 
most  part,  showed  a  decline  in  percent  foliar 
cover  in  the  area  where  maximum  SO2  GLCs  occurred. 
However,  annual  and  exotic  species  cover  peaked 
in  this  part  of  the  gradient.   Three  types  of 
response  curves  were  discerned  for  the  21  most 
abundant  species  (figure  IB).   Tolerant  species 
(curve  A)  reached  their  maximum  foliar  cover  where 
SO2  GLCs  were  highest.   These  included 
Chorizanthe  California  (r2=.64,  P<C.01)  and 
Bromus  rubens  (r2=.78,  P  <.  .001) .   Species  whose 
foliar  cover  values  were  maximum  at  further  dis- 
tances from  the  pollution  source  were  classified 
as  sensitive  (curve  C) .   Among  these  were  Haplop- 
papus  ericoides  (r2=.73,  P'^.OOl),  Artemisia 
californica  (r2=.76,  P<:.001),  and  Salvia 
mellifera  (r2=,76,  P<.001).   Intermediately  tol- 
erant species,  such  as  Lotus  scoparius  (R^=.37, 
P  -^  .05)  and  Horkelia  cuneata  (R^=.8o7  P  ^  .001) 
were  most  highly  correlated  with  curve  B. 

Damage  resulting  from  chronic  SO2  stress  to 
Salvia  mellifera,  a  coastal  sage  dominant,  was  also 
extensively  studied.   Stomatal  resistance  was 
found  to  be  significantly  lower  on  the  polluted 
sites  with  a  concomitant  35  percent  increase  in 
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the  mean  transpiration  rates  of  Salvia  compared  ■  -. 
to  the  pollution-free  control  sites.   Plant  heig,  ' 
internodal  length,  leaf  size  and  frequency,  and 
reproductive  capacity  as  measured  by  the  number  : 
flower  whorls  per  flower  spike,  were  also  found  > 
be  significantly  reduced  on  the  polluted  sites 
when  compared  to  the  control  sites  (P=.01).   Re- 
ductions in  photosynthetically  active  tissue,  re 
productive  capacity,  and  increases  in  transpirat m 
rates  accounted  for  68  percent  of  the  variation  1 
the  foliar  cover  of  Salvia  along  the  SO2  gradien, 
The  evidence  indicates  that  these  factors  decreaid 
the  shrubs'  ability  to  compete  with  the  more  r-Si- 
lected  annuals.   As  such,  the  annuals  gained  a 
competitive  advantage  over  perennials  and  great 
increased  their  relative  abundance  in  the  most 
polluted  sites.   The  S02-stressed  coastal  sage  c 
munity  consequently  retrogressed  to  where  it  flo 
istically  and  structurally  resembled  an  early  pc  Jei 
fire  serai  stage. 


species  tichnes. 


A-  tolerant 

B-  intermediate  tolerance 

C-sensitive 
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Figure  1A,B,C.   Polynomial  curves  fit  by  the  lea 
squares  method. 
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Method  for  Determining  When  to  Implement 
fechnology' 

rol  Rice,  Gary  Eisner,  Ed  Thor,  and  Carl  Wilson'^ 


This  p?per  presents  a  procedure  that 
n  be  used  by  fire  managers  to  help 
cide  whether  to  implement  nevi  fire- 
ghting  technologies.   A  two-step 
thod  is  used.   The  first  step  identi- 
es  whether  the  agencies  in  an  area 
nsider  the  system  useful  and  desirable 

terms  of  fulfilling  their  needs.   The 
cond  step  identifies  the  benefits  and 
plementation  costs, thus  providing  an 
onomic  basis  for  the  decision  whether 

adopt  the  technologies.   The  procedure 
es  local  conditions  (local  costs, 
els,  v/eather  and  resource  values} 
enever  possible.   The  benefits  and 
sts  are  determined  by  a  change  in 
source  values  due  to  implementation,  e 
ange  in  costs,  end   other  "spin-off" 
fects. 

In  the  past,  fire  management  decisions 
uld  be  made  primarily  on  a  biological 
sis.   However,  nev/  fire  suppression 
licies  mandating  cost  effectiveness 
kes  economic  evaluation  essenticl.   The 
0  models  presented  outline  a  procedure 

which  this  evaluation  cexi   be  made. 
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The  six  technologies  to  be  transferred 
.  the  FIRETIP  project  are  products  of 
||R.",SC0P:^  (Firefighting  Resources  of 
iithern  California  Organized  for  Poten- 
;al  Emergencies),   The  specific  technol- 
•  Les  are 


Presented  at  the  Symposium  on 
'larnics  and  Management  of  Mediterranean- 
r)e   Pcosystems,  June  22 — 26,  1981, 
> '.  Diego,  California, 

2?roprietor,  V.'ildlend  Resource  Mgt,  , 
?*nut  Creek,  Calif,;  President  and 
■  "nan,  Resource  Perspectives  Inc., 
ryette,  Calif.,;   Forest  Fire  Consul- 
-■'t,  Berkeley,  Calif. 


( 1 )  A  Decision-Making  Process  that 
provides  a  vehicle  for  many  agencies  to 
implement  the  technologies  in  a  practical 
manner.   The  Decision-Making  Process 
furnishes  a  structure  and  method  for 
agencies  to  cooperate  to  an  extent  never 
before  realized  and  still  maintain 
complete  autonomy  and  identity. 
(  2 )  A  Multi-A.":enc.v  Coordinatin^r:  System , 
( MACS ) .  by  which  collective  regional 
decisions  on  emergency  priorities  and 
firefighting  resource  allocations  are 
made.   It  is  a  central  point  for  collec- 
ting, screening,  and  processing  essential 
data,  coordinating  public  information  and 
training  programs.   The  system  also 
provides  pre-planning  assistance. 
(3)  and  {l\)    A  Situation  Status  Summary 
Reportirift-  System  (SITSTAT)  and  a  Resource 
Status  Reporting-  System  (PFSTAT)   that 
summarize  "what's  happening"  in  the 
region  for  allocating  firefighting 
resources.   SITSTAT  deals  v/ith  the 
numbers  and  types  of  emergencies;  RFSTAT 
indicates  v;here  equipment  and  personnel 
might  be  obtained  to  handle  those  emer- 
gencies, 

(5)  A  Fire  r^odeling  System  (FIR^MOD), 
that  provides  accurate  fire  behavior 
predictions.   The  program  supplies  an 
initial  assessment  of  fire  potential. 

In  addition,  FIRFMOD  can  act  as  a  second 
opinion  to  supplement  judgment  and  obser- 
vation, 

(6)  An  Ortho  Photomappinn:  System,  that 
provides  a  standardized  set  of  maps  and 
orthophotos  tailor-made  to  meet  emergency 
response  needs. 


DESCRIPTIOiJ  OF  MODELS 

The  feasibility  model  aids  the  user  in 
determining  which  fire-prone  areas  are 
likely  to  want  to  use  these  new  technol- 
ogies.  First,  the  fire  damage  potential 
of  the  area  is  assessed,   V.'herc  fire 
dajnage  potential  is  high,  the  benefits 
accrued  from  applying  a  nev/  technology 
may  also  be  great. 

The  technology  transfer  specialist 
then  raades  contact,  introduces  the  tech- 
nology, and  if  there  is  interest, 
obtains  pertinent  background  information 
on  the  physical  area  and  agencies 
involved.   This  step  is  needed  so  that 
applications  of  the  technologies  can  be 
designed  to  meet  real  needs  and  abilities 
to  change, 

"ext,  the  specialist  v;ill  visit  the 
area  to  conduct  a  feasibility  analysis, 
assuring  all  the  appropriate  personnel 
from  agencies  to  be  involved  are 
included.   Key  individuals  are  polled  to 
determine  their  feelings  about  the  appli- 
cability of  the  technologies,   Descrip- 


^:  Tech.  Rep.  PSW-58.  Berkeley,  CA;  Pacific  Southwest  Forest  and  Range 
^iment  Station,  Forest  Service,  U.S.  Department  of  Agriculture;  1982. 
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tions  of  the  technologies  are  included  in 
the  guide.   Topics  to  discuss  are  offered 
that  could  bring  out  opinions  as  to  the 
system's  applicability.   Finally,  guides 
are  given  for  interpreting  expected 
responses. 


At  this  point 
specialist  makes 
dation.  The  rec 
on  whether  the  1 
the  technologies 
cles  to  iraplemen 
mentation  will  b 
the  agencies,  wh 
porated  into  the 


the  technology  transfer 

a  feasibility  recommen- 
oramendation  will  be  based 
ocal  needs  are  filled  by 

and  whether  any  obsta- 
tation  exist.   The  recora- 
e  presented  to  each  of 
ere  feedback  is  incor- 

final  decision. 


If  local  adoption  of  a  technology  is 
judged  feasible,  the  second  step  of  the 
procedure,  a  benefit/cost  analysis,  is 
conducted,   A  guidebook  provides  complete 
step-by-step  instructions  and  worksheets 
for  completing  the  analysis.   Designed 
for  completion  by  a  non-economist,  this 
step  does  require  some  knowledge  of 
resource  values  and  firefighting  costs  in 
the  area. 

Resource  categories  are  delineated  in 
the  area.   Categories  might  be  "brush 
and  scattered  residential",  or  "timber 
along  primary  corridors".   The  partici- 
pants then  develop  data  on  total  number 
of  fires  per  year  by  size  for  each 
resource  category. 

Future  trends  are  then  developed  from 
the  historical  data  and  knov/ldege  of 
local  trends.   For  example,  more  fires  of 
each  size  category  may  be  expected  in 
"brush  and  scattered  residential"  because 


acres  and  risk  in  that  resource  category 
v;ill  have  increased. 

The  participants  are  asked  to  combine 
the  documented  benefits  of  the  new  tech- 
nologies (decreased  response  times,  more 
appropriate  equipment  available,  etc.) 
v/ith  their  knowledge  of  their  own  area  tc 
determine  average  effects  on  fire  size. 
Differences  in  fuel  types,  access, 
weather,  and  other  local  conditions  are 
the  criteria  for  this  adjustment. 

The  reduction  in  burned  area  is  then 
multiplied  by  a  net  resource  value 
change  per  acre  and  also  used  to  deter- 
mine a  change  in  total  suppression  costs 


Costs  and  organizational  cost  savings 
of  the  implementation  of  the  new  technol 
ogies  are  then  estimated.   Costs  of 
implementation  in  the  area  of  original 
development  are  provided,  and  partici- 
pants are  then  asked  to  consider  local 
conditions  (salary  levels,  existing 
equipment,  etc.)  to  calculate  local 
implementation  costs  for  each  technology 
All  the  various  changes  in  costs  and 
benefits  are  then  combined  to  determine 
whether  adoption  of  the  technology  would 
be  justified  economically. 
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This  tv;o-step  process  assures  that 
technologies  considered  for  an  area  are 
needed,  feasible,  and  cost  effective. 
It  avoids  conducting  detailed  analyses 
in  those  situations  v;here  the  technologyiito 
is  not  appropriate,  and  yet  provides  the  i 
economic  information  needed  prior  to 
deciding  to  adopt  a  new  technology. 
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litrogen  Relations  in  a  Quercus  dumosa 
Jhaparral  Community^ 

'hilip  J.  Riggan  and  Ernest  Lopez- 


I 

The  balance  and  availability  of  nitrogen  in  a 
haparral  community  may  be  strongly  affected  by 
ana^eraent  practices.   Accelerated  nitrogen  loss 
r  reduced  nitrogen  fixation  could  lead  to  long- 
erm  degradation  of  the  chaparral  and  its  water- 
hed  values.   Yet  little  is  known  about  the  rate 
f  primary  production  or  nitrogen  cycling  proper- 
ies  of  several  important  chaparral  communities. 
0   provide  such  quantitative  data,  we  have  esti- 
ated  the  rates  of  biomass  accumulation,  nitrogen 
ptake,  and  fire-associated  nitrogen  loss  in 
ell-stocked  stands  of  Quercus  dumosa. 


were  made  by  evaluating  regressions  of  biomass  as 
a  function  of  shrub  basal  area  with  the  basal  area 

2 
distributions  from  each  of  five  64  m  plots. 

First-year  resprout  growth  was  estimated  as  a 
function  of  prefire  shrub  basal  area.   Litter  mass 
estimates  were  made  from  26  quadrats  of  0.25  m 
each.   Nitrogen  determinations  were  made  on  modi- 
fied Kjeldahl  digests  with  a  Technicon  Auto- 
analyzer  II. 


RESULTS 

Quercus  dumosa  stands  at  this  site  accumulated 
biomass  at  an  average  annual  rate  of  0.53  MT  ha 
over  35  years.   The  first-year  biomass  accumula- 
tion rate  was  5.3  times  greater  than  this  long- 
term  average.   Aboveground  biomass  at  this  site 
was  moderate;  14  percent  of  the  biomass  was  ac- 
counted for  by  foliage.   Nitrogen  accumulated  in 
aboveground  vegetation  and  litter  at  an  average 
annual  rate  of  13.4  kg  ha   .   The  biomass  and 
nitrogen  content  of  the  litter  were  high,  respec- 
tively 20  and  12  times  that  found  in  live  foliage. 


ITL  AND  METHODS 

The  research  site  is  located  at  an  elevation 
f  134U  to  1580  ra  on  an  east-facing  hill  slope  at 
Ltchen  Creek  in  the  Cleveland  National  Forest, 
le  site  is  dominated  by  mixed  chaparral  with  a 
irge  proportio^i  of  Quercus  dumosa.   It  last 
arned  in  1944.   Three  vertical  strips  on  the  hill 
lope  were  burned  by  prescription  November  13-14, 
979.   Maximum  recorded  fire  temperatures  at  the 
Ltter  surface  averaged  720°  C.   Estimates  of  pre- 
iQ  postfire  biomass  in  aboveground  vegetation 


VJith  the  foliage  of  mature  pla 
than  Ih   years,  and  nitrogen  conce 
and  0.6  percent  in  dormant-season 
foliage,  the  annual  nitrogen  supp 
from  internal  redistribution  was 
14.7  kg  ha   and  that  from  uptake 
age  sources  was  estimated  to  be  1 
uptake  to  foliage  the  first  year 
approximately  the  same  (table  1). 
resprouting  burls  lost  23  percent 
of  their  nitrogen  content  during 
season  from  June  through  October; 
been  an  important  source  of  nitro 
tissue . 


nts  retained  less 
ntrations  of  1.15 

and  senescing 
ly  to  new  foliage 
calculated  to  be 

and  other  stor- 
6.0  kg  ha~  .   Net 
after  fire  is 
Mature  and 

(6.7  kg  N  ha~  ) 
the  growing 

this  may  have 
gen  for  growing 
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Soil  Scientist  and  Ecologist,  respectively, 

acific  Southwest  Forest  and  Range  Experiment 

tation.  Forest  Service,  U.S.  Department  of 

griculture,  Glendora,  Calif. 


Prescribed  fires  at  this  site  produced  moder- 
ately high  soil  surface  temperatures,  yet  burning 
conditions  were  just  severe  enough  to  carry  fire 
in  the  stand.   Fire  consumed  60  percent  of  the 
aboveground  vegetation  biomass  and  75  percent  of 
the  forest  floor  mass.   Fire-associated  volatili- 
zation losses  accounted  for  25  percent  of  the 
nitrogen  in  the  aboveground  vegetation,  litter, 
and  upper  10  cm  of  the  soil. 


ible  1 — Nitrogen  and  biomass  distributions  in  pre-  and  postfire  Quercus  dumosa 
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Fire 
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kg  ha 
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0         0 
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Transpiration  and  Diffusion  Resistance  of 
Leaves  of  Quercus  ilex  L.  at  La  Castanya 
(IVlontseny,  Catalunya,  NE  Spain)^ 


R.  Save,  R.  Rabella,  E.  Gascon,  and  J.  Terradas" 


during  desiccation  under  standard  conditions. 
Bull.Res.Counc.of  Israel  8D,  1960. 

Larcher,W.  Ecofisiologia  vegetal.  Barcelona:  Omeg, 
1977. 

Slavik,B.  Water  Exchange  between  Plant  Roots  and 
Soil.Tn  Methods  of  Studying  Plant  Water  Relatioi. 
253-257  ,p.  Berlin:  Springer  Verlag  1974. 


We  have  followed  the  transpiratory  behaviour  of 
the  evergreen- oak  Q.  ilex  one  day  each  week  from 
february  1980  to  april  1981  in  an  ex- 
perimental plot  at  Montseny  (41°46'N, 
2°24'E;  altitude,  660m;  exposition,  V/) . 
We  measured  transpiration  (TR)  by  quick 
weighing  method  (Huber,  1927;  Stocker, 
1956)  and  diffusion  resistance  (Rd) 
with  Lambda  LI- 56  autoporometer. 


llie_1980  TR  values  (in  g  H2O  g  dry 
weight  ^  min"  ')  satisfied  a  linear  tri- 
valent  correlation  with  temperature 
and  relative  Jiumidity  (Rh)  according 
to  TR  =  0052  -  0,023Rh+  0,42  T,  with 
r  =  0,976.  The  T  observed  values  are 
comprised  between  7  and  30°C  and  the 
Rh  values  between  45  and  lOOs. 

TR  and  Rd  show  similar  highly  corre- 
lated behaviour  with  a  TR  midday  reduc- 
tion and  Rd   similar  increment,  as 
a  result  of  stomatal  closure.  At  high 
canopy  levels,  average  daily  TR  is  a 
little  smaller  than  at  lower  levels, 
but  confidence  intervals  overlap.   We 
can  explain  this  by  xerophytic  regula- 
tion and  reduced  cuticular  transpira- 
tion in  accordance  also  with  Berger 
[1977)  results.  Stomataare  closed  in 
average  behind  a  16.56  water  saturation 
deficit  and  cuticular  TR  is  nearly  7% 
of  total  TR  by  an  atmospheric  evapora- 
tion of  1.1  mm /h. 


LITERATURE  CITED 

Berger, A.  Regime  hydrique.  In:  Moyse,A 
Les  processus  de  la  production  vege- 
tale  primaire.  Paris:  Bordas  1977. 

Larcher,W.  Transpiration  and  photosyn- 
thesis of  detached  leaves  and  shoots 
of  Quercus  pubescens  and  Quercus  ilex 
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Daily  evolution  of  TR,  Rd,  T  and  Rh  for  some  typical  days  at 
La  Castanya.  See  text  for  symbols. 
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ipproach  to  Public  Involvement  for 
Ireenbelts^ 


appropriately  designed  subdivisions,  equestrian 
trails  and  orchards  (fig.  1) . 


:an  M.  Schwabe^ 


tie  Challenge 

Throughout  the  United  States, development  is 
preading  into  the  wildland  areas.  Often  the 
nly  remaining  lands  are  the  steep  hillsides 
djacent  to  metropolitan  areas.  In  chaparral 
cosystems,  this  creates  an  extreme  fire  hazard 
or  human  lives,  property,  and  natural  resources. 

Many  development  features,  such  as  landscaping, 
ccess,  building  materials,  and  greenbelts-^,  can 
e  used  to  provide  more  fire-safe  communities 
hile  permitting  growth  in  the  foothills. 

The  Angeles  is  surrounded  by  the  Los  Angeles 
etropolitan  area.  Population  growth  puts 
ressure  on  local  government  to  allow  development 
n  the  chaparral -covered  hillsides.   It  is 
nrealistic  in  our  area  to  expect  growth  to  stop, 
ommunities  can  plan  for  safer  hillside  areas  by 
ncorporating  greenbelts,  and  other  fire-resistant 
evelopment  features,  into  General  Plans  and 
oning  ordinances. 

ublic  Involvement 

It  is  important  to  inform  and  involve  the 
ublic  and  local  governments  about  fire  hazards 
nd  greenbelt  zoning.  We  have  developed  several 
isual  displays  on  greenbelt  planning  which  can 
e  effective  with  citizens  and  professionals. 

We  first  wrote  an  informational  brochure 
bout  greenbelts  and  developed  a  slide  tape.  A 
on tractor  mapped  a  twenty-mile  strip  of  the 
ujunga  Ranger  District  to  show  land  suitable  for 
greenbelt  zone. 

A  two-mile  section  of  this  greenbelt  zone  was 
eveloped  into  a  three-dimensional  scale  model, 
he  model  shows  the  interface  area  of  a  portion 
if  the  San  Gabriels  and  portrays  many  uses  of  a 
reenbelt,  including  parks,  cemetaries,  nurseries. 


-'-Presented  at  the  Symposium  on  Dynamics  and 
.anagement  of  Mediterranean-type  Ecosystems, 
une  22—26,  1981,  San  Diego,  Calif. 
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Community  Planner,  Angeles  National  Forest, 

crest  Service,  U.  S.  Department  of  Agriculture, 
asadena,  Calif. 

^Bands  of  land  on  private  or  public  property, 
t  least  300  feet  wide,  which  serve  as  a  fire- 
esistant  buffer  zone  between  the  wildlands  and 
djacent  urban  developnent. 


Figure  1 — Greenbelt  Model 

Then,  our  landscape  architecture  department 
designed  a  display  of  a  fire-safe  Conceptual 
Subdivision.  The  board  is  approximately  3  feet 
by  4  feet,  done  in  pastels  on  a  photographic 
print.  It  can  be  used  with  planning  departments 
and  the  public.  Greenbelts  buffer  the  periphery 
of  the  subdivision,  making  the  homes  more  fire 
safe.  A  variety  of  uses  is  shown  on  the  green- 
belt. It  is  unlikely  that  a  subdivision  would 
have  so  many  amenities,  but  we  wanted  to  show  the 
many  options  available  to  homeowners  and  builders. 
Gardens,  softball  fields,  orchards,  equestrian 
facilities,  maintained  open  space  and  tennis 
and  pool  facilities  are  shown.  We  designed 
the  subdivision  to  have  more  density  than  the 
zoning  originally  specified,  because  of  the 
fire-safe  design  of  the  homes,  landscaping,  and 
surrounding  greenbelts.  Municipalities  can  award 
more  density  to  developers  if  fire-safe  features 
are  proposed,  much  like  density  bonus  incentives 
are  given  to  developers  for  low  incane  housing. 

Focus  of  Public  Involvement  Activities 

In  working  with  local  government,  we  emphasize 
the  flexibility  of  greenbelt  planning.  Planning 
commissions  are  encouraged  to  develop  fire-safe 
greenbelt  areas  which  meet  the  community's 
need  —  be  it  for  recreation,  housing  or  agricul- 
ture. Conmunities  are  encouraged  to  be  flexible 
in  developing  zoning  and  economic  incentives  for 
greenbelt  areas. 

It  is  difficult  to  implement  greenbelt  zoning 
when  developnent  pressures  and  land  values  are 
extremely  high.  Conmunities  now  beginning  to 
experience  growth  in  the  chaparral  covered 
foothills  need  to  plan  for  interface  areas  soon, 
or  the  opportunity  will  be  lost.  Coordinated 
planning  by  agencies  and  local  government,  with 
effective  public  information  programs,  needs  to 
be  emphasized. 


ien.  Tech.  Rep.  PSW-58.  Berkeley.  CA:  Pacific  Southwest  Forest  and  Range 
xpenment  Station,  Forest  Service.  U.S.  Department  of  Agnculture;  1982. 
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Using  Stem  Basal  Area  to  Determine  Biomass 
and  Stand  Structure  in  Chamise  Chaparral^ 


T.  J.  Stohlgren,  N.  L.  Stephenson,  D.  J.  Parsons,  and  P.  W. 
Rundel' 


Assessment  of  structural  characteristics  of 
chaparral  is  important  in  predicting  fire  effects 
and  planning  prescribed  burns.   Chamise  (Adenos- 
toma  fasciculatum) ,  the  most  common  constituent  of 
California  chaparral,  has  been  analyzed  for  twig 
and  branch  size  class  distribution,  fuel  loading 
and  density,  and  chemical  composition  (Countryman 
and  Philpot  1970).   In  San  Diego  County,  Wakimoto 
(1978)  used  volume  measurements  to  estimate  shrub 
biomass.   However,  when  we  applied  this  method  to 
chamise  in  the  southern  Sierra  Nevada,  we  found 
the  correlation  to  be  inadequate  due  to  assymetri- 
cal  shrub  growth  forms.   We  then  investigated  a 
simple  non-destructive  technique  of  using  basal 
stem  diameters  and  basal  stem  area  to  predict 
above-ground  shrub  biomass  (Brown  1976) . 

We  randomly  selected  a  SAm'^  plot  of  mature 
chamise  (over  60  years  old  with  110  percent  ground 
cover)  in  the  foothills  of  Sequoia  National  Park. 
The  diameter  of  all  basal  stems  at  30  cm  above 
ground  was  measured  for  each  shrub  and  converted 
to  total  stem  basal  area.   Percent  dead  was  esti- 
mated to  the  nearest  five  percent  and  each  shrub 
was  then  cut  above  the  burl  and  weighed  to  the 
nearest  0.1  kg.   Basal  stem  diameters  and  wet 
weights  of  11  additional  randomly  selected  mature 
chamise  shrubs  found  in  other  areas  of  the  Park 
were  also  measured  to  increase  our  sample  size. 
Subsamples  of  live  and  dead  material  were  oven 
dried  to  constant  weight  to  derive  correction 
factors  for  converting  wet  to  dry  weights.   A 
standard  linear  regression  was  used  to  correlate 
stem  basal  area,  stem  diameter,  and  shrub  volume 
with  biomass  on  a  dry  weight  basis. 

For  the  39  shrubs  sampled  in  our  study  plot  a 
correlation  of  r   =  0.93  was  found  between  stem 
basal  area  and  dry  weight  (fig.  1).   The  correla- 
tion between  stem  diameter  and  dry  weight  was 
weaker  (r^  =  0.82).   The  11  additional  shrubs  used 
to  increase  the  sample  size  improved  the  stem 
basal  correlation  (r^  =  0.94).   This  improved  the 
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Figure  1 — Relationship  between  basal  area  and 
shrub  dry  weight. 


regression  equation  from  y  =  0.18x  +  0.11  (fig.  1) 
to  y  =  0.18x  +  0.06  to  adequately  predict  shrub 
biomass  (y,  in  kg)  from  stem  basal  area  (x,  in 
cm^)  . 

Chamise  stand  characteristics  that  can  be 
estimated  using  our  stem  basal  area  method  include 
densities,  biomass  per  ha,  and  a  stand  structure 
profile  of  the  number  of  individuals  by  dry  weight 
class.   For  example,  from  our  original  study  plot 
we  estimate  6,100  shrubs  per  ha  and  52,000  kg/ha 
dry  weight  biomass.   We  found  an  inverse-J  shaped 
distribution  of  shrubs  by  size  class  with  a  few 
dominant  shrubs  and  larger  numbers  of  smaller 
shrubs,  similar  to  the  findings  of  Schlesinger  and 
Gill  (1978)  for  Ceanothus  megacarpus . 

While  the  validity  of  our  correlation  for 
chamise  shrubs  in  other  areas,  as  well  as  for 
other  shrub  species,  has  yet  to  be  tested,  the 
method  has  the  potential  to  be  a  valuable  tool  for 
chaparral  fire  research  and  management.   We  intend 
to  pursue  this  approach  in  additional  studies  of 
stand  structure  as  a  function  of  environmental 
variables,  including  past  fire  frequency. 
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/licrocommunity  Patterns  in  Coastal  Sage 
icrub^ 

jnold  R.  Troeger 


Microcommunity  pattern  refers  to  the  arrange- 
ent  of  coassociated  species  in  the  landscape  at 
cales  ranging  from  a  fraction  of  a  meter  to  sev- 
ral  meters.   This  poster  presents  the  results  of 

study  on  the  microcommunity  patterns  of  Califor- 
ia  coastal  sage .   The  microcommunity  pattern 
tudy  is  one  aspect  of  a  larger  study  to  assess 
he  diversity  and  pattern  relationships  of  coastal 
age  and  to  compare  these  results  to  similar  corn- 
unities  elsewhere  in  the  world. 

The  microcommunity  pattern  index  (Table  1) 
easures  the  intermingling  of  species  groups 
hrough  space  and  was  measured  as  follows:   First, 
pecies  groups  were  identified  by  classifying  the 
ndividual  1X1  quadrats  in  a  20  meter  long 
elt  transect  into  8  groups  using  Twinspan  (a 
olythetic  divisive  classification  program). 
ext,  the  floristic  class  to  which  each  quadrat 
elonged  was  mapped  along  the  belt  transect . 
hirdly,  the  number  of  times  adjacent  quadrats 
long  the  transect  belonged  to  different  floristic 
roups  was  divided  by  the  maximum  possible  number 
f  changes  (19)(Westman  1975). 


Table  1--Summary  of  the  microcommunity  pattern 
statistics . 


length 

of 

mean   distance 

mean 

dlst./ 

microcom- 

sites 

ord. 

axis 

between    Rroups 

ord. 

axis 

munity   index 

3   yrs  old 

1 

285 

X 

40.71 

s.d. 
27.41 

.526 

2 

209 

22.46 

20.56 

.842 

mean 

247 

31.58 

24.22 

.128 

.684 

7    yrs   old 

3 

362 

46.19 

33.85 

.526 

4 

429 

51.29 

29.14 

.737 

mean 

395 

48.74 

31.58 

.123 

.631 

>  20   yrs 

5 

210 

28.35 

17.00 

.684 

6 

206 

29.43 

23.64 

.737 

7 

216 

21.00 

23.47 

.474 

mean 

210 

26.26 

21.59 

.125 

.632 

operating  at  this  scale  is  competition.   Site  5  is 
located  on  a  northeast  facing  slope  where  environ- 
mental conditions  are  most  mesic.   Because  site  5 
had  the  highest  species  richness  (31  spp./.l  ha 
vs.  X=12.3  spp/.l  ha  for  the  other  2  mature  sites), 
interspecific  competition  may  be  higher,  causing  a 
more  even  spacing  of  floristic  groups  along  the 
ordination  axis. 

2 
The  average  alpha  diversity  at  1  m   (Figure  1) 

decreases  with  age.   At  3  yrs.  individual  plants 
tend  to  be  small  and  post-fire  species  tend  to  be 
abundant,  allowing  for  a  high  number  of  species  at 
the  1  m  scale.   A  few  long-lived  post-fire  spe- 
cies are  still  present  at  7  yrs.  but  most  of  the 
annuals  have  been  eliminated,  contributing  to  a 
decrease  in  alpha  diversity. 


Micrommunity  pattern  was  determined  on  7  0.1  ha 
ites  of  coastal  sage  scrub  of  three  ages  (3,  7, 
3-4  y).  The  microcommunity  pattern  index  did  not 
hange  significantly  with  age.   There  was  a  sig- 
ificant  correlation  between  age  and  changes  in 
loristic  cover  across  the  site,  as  measured  by 
he  first  axis  of  the  Decorana  ordination  (r=.55, 
=.11).   This  indicates  that  despite  significant 
hanges  in  floristic  composition  with  age,  the 
cale  of  microcommunity  patterning  is  not 
hanging. 

The  "ecological  distance"  between  floristic 
roups  can  be  measured  as  the  distance  between 
idpoints  of  occurrence  of  the  groups  along  an 
rdination  axis.   These  ecological  distances,  rel- 
tivized  by  ordination  axis  length,  remain  constant 
ith  age.   This  indicates  that  spacing  of  the  flo- 
istic  groups  along  the  first  major  ordination 
xis  remains  relatively  even,  despite  changes  in 
he  beta  diversity.   The  standard  deviation  in 
ean  ecological  distance  (s.d.)  between  floristic 
roups  in  site  5  is  lower  than  for  other  sites, 
replying  a  regularity  in  floristic  change  among 
roups  on  this  site.   The  factor  most  likely  to  be 
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Beta  diversity  measures  the  species  turnover 
along  an  environmental  gradient  and  is  usually  ex- 
pressed as  half  changes  (H.C.)  in  species  composi- 
tion.  Beta  diversity  reaches  a  peak  at  around  7 
yrs.,  strongly  suggesting  a  higher  floristic  het- 
erogeneity between  patches  at  the  1  m^  scale  at 
this  age.   One  explanation  for  this  may  be  the  spa- 
tial segregation  of  post-fire  followers  from  ma- 
ture phase  dominants  at  this  time. 
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Figure  1--Alpha  and  Beta  diversity  vs.  age, 
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Restoring  and  Managing  Indigenous  Plant 
Communities  at  IVIalibu  Creek  State  Park^ 


Wayne  Tyson  and  George  Rackelmann^ 


The  California  Department  of  Parks  and  Recrea- 
tion is  exploring  new  ways  to  meet  the  two  major, 
but  conflicting  goals  of  the  state  park  system 
(landscape  preservation  and  recreation)  at  the 
lowest  possible  cost.   Indigenous  vegetation  may 
have  significant  economic  advantages  as  well  as 
potential  carrying  capacities  as  high  or  higher 
than  alternatives  in  some  situations.   Practical 
methods  are  needed  to  restore,  modify  and  manage 
indigenous  plant  communities  for  an  increasing 
number  of  applications. 

The  traditional  approach  to  preserving  the 
natural  landscape  has  been  to  limit  access.   Rec- 
reation demands  access,  and  the  demand  has  been 
increasing  faster  than  the  supply  of  park  land. 
When  the  recreation  load  exceeds  the  capacity  of 
the  natural  landscape  to  repair  itself,  the 
result  is  increased  cost  and  degradation  or  loss 
of  the  landscape  resource. 

The  usual  approach  to  meeting  excessive  recre- 
ational demand  loads  has  been  to  replace  inigen- 
ous  plant  communities  with  exotic  landscaping, 
though  recent  practice  has  included  individual 
"native"  species.   This  is  an  expensive  procedure 
to  construct  and  maintain,  and  it  often  does 
little  to  improve  carrying  capacity.   The  perpet- 
ual maintenance  required  intentionally  limits 
species  diversity  by  eliminating  all  species  not 
on  the  landscape  plan.   Significant  quantities  of 
water     and  other  resources  are  required,  and 
the  natural  landscape  resource  is  destroyed. 

At  Malibu  Creek,  the  alternative  of  restoring, 
modifying  (for  increased  carrying  capacity)  and 
managing  indigenous  plant  communities  is  being 
explored.   The  part  of  the  site  selected  for  de- 
velopment of  picnic  and  camping  areas  has  been 
disturbed  for  most  of  this  century  by  grading, 
plowing,  cattle  grazing  and  movie-making  (site  is 
a  former  major  studio  "movie  ranch").   Vegetation 
in  these  areas  is  mostly  alien  grasses  and  forbs. 
Areas  which  are  relatively  undisturbed  will  be 
preserved  for  appropriately  lower  levels  of  use. 

The  objective  of  this  project  is  to  (1)  in- 
crease indigenous  plant  associations  in  disturbed 
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areas;  (2)  lower  the  cost  of  development,  manage- 
ment and  maintenance;  (3)  accomodate  recreation 
needs  within  the  carrying  capacity  (increased  by 
modification  where  necessary)  of  the  restored 
indigenous  plant  community.   As  much  as  possible, 
the  general  goal  is  to  restore  the  site  to  as  nea 
those  which  existed  prior  to  disturbance  as  possi 
ble,  including  reduction  of  alien  species  popula- 
tions. 

The  restoration  of  self-sufficient  plant  commu 
nities  requires  consideration  of  existing  environ 
mental  conditions  and  the  development  of  tech- 
niques appropriate  to  them  to  be  sucessful.  Ordi 
nary  gardening  and  landscaping  methods  are  funda- 
mentally inappropriate.  The  mere  introduction  of 
indigenous  seeds  or  plants  will  not  necessarily 
produce  a  viable,  self-regenerative  plant  communi 
ty — or  even  a  successful  stand  of  the  species 
"selected."  The  planting  program  must  be  care-  »;c 
fully  timed  and  designed  for  a  high  level  of  sur- 
vival. Species  composition  and  density  should  be  [fee 
carefully  determined  as  to  habitat,  its  changing 
nature  and  carrying  capacity  in  terms  of  soil 
moisture  potential.  It  may  not  be  advisable  to 
plant  all  species  at  one  time.  Timing  and  condi' 
tions  required  by  the  species  concerned,  rather 
than  administrative  convenience,  should  determine 
the  program,  but  enough  lattitude  often  exists  to 
satisfy  practical  scheduling  concerns.  Adjust- 
ments are  often  necessary,  but  absolute  precision 
isn't  necessary.  Fairly  good  mimicry  of  some  of  [jttei 
the  rather  sloppy  natural  processes  involved  may 
be  the  most  we  can  do.  Beyond  that,  that  which 
is  out  of  our  control  is  in  control. 


Some  field  trials  were  initiated  in  February 
of  1981.   Plant  communities  include  valley  grasS' 
land/valley  oak  savanna,  southern  oak  woodland, 
coastal  sage  scrub  and  chaparral.   The  main 
species/associations  are  Stipa  pulchra,  Quercus 
lobata,  Elymus  triticoides ,  Quercus  agrif olia, 
Rhamnus  calif ornica,  Artemisia  calif ornica  and 
Heteromeles  arbutif olia. 

Initial  emphasis  has  been  placed  upon  Stipa 
pulchra,  since  this  grass  produces  a  large  and 
reliable  seed  crop  and  is  suitable  for  the 
largest  part  of  the  project.   Field  plots  have 
been  established  to  evaluate  the  cost-effective- 
ness of  several  methods,  including  seeding  by 
broadcast  and  drilling  on  cleared,  uncleared  and 
mulched  sites  as  well  as  the  planting  of  seed- 
lings grown  in  two  different  soils  and  container 
types  on  cleared  and  uncleared  sites  at  various 
densities.   A  300'  x  100'  plot  was  planted  with 
seedlings  at  1/100  square  feet.   Trial  plantings 
of  other  species  were  made  on  a  smaller  scale. 
The  project  will  be  expanded  in  the  fall  of  1981 
when  soil  moisture  and  other  conditions  are  at 
optimum. 

We  have  gratefully  drawn  upon  the  work  of 
many  researchers,  including  W.  James  Barry, 
Harold  F.  Heady,  V.  L.  Holland  and  R.  H. 
Robinson.   Much  more  such  work  is  needed. 
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itegration  of  Chaparral  Vegetation  Data  Into 
and  and  Fire  Management  Decisionmaking^ 


homas  C.  White- 


A  management  compartment  examination  procedure 
s  being  applied  in  the  field  on  the  Laguna-Morena 
emonstration  Area  (L-MDA) .   L-MDA  is  a  cooperative 
nteragency  program  designed  to  demonstrate  both 
ew  and  existing  techniques  of  chaparral  manage- 
ent.   Approximately  130,000  acres  of  land  are 
ncluded  in  the  L-^4DA  representing  many  ownerships 
nd  management  responsibilities. 

It  is  the  purpose  of  this  poster  to  demonstrate 
ow  chaparral  vegetation  and  other  resource  infor- 
ation  collected  in  a  compartment  inventory  can  be 
ffectively  integrated  into  land  and  fire  manage- 
ent  decision  making. 

CONCEPTUAL  MODEL  OF  COMMON  VEGETATION  ASSOCIATIONS 

A  classification  system  was  developed  by  the 
acific  Southwest  Forest  and  Range  Experiment 
tation  to  standardize  terminology  used  to  des- 
ribe  chaparral  and  related  vegetation  types 
Southern  California  Vegetation  Classification 
ystem-SCVCS) .   This  common  language  facilitates 
echnology  transfer  both  within  and  between 
gencies.   The  classification  system  is  hierarchi- 
al  so  that  each  level  of  description  can  be 
eneralized  to  the  next  higher  level.   The  four 
evels  defined  in  order  of  increasing  specificity 
re  formation,  series,  association  and  phase, 
igure  one  is  a  model  describing  chaparral  plant 
Dmmunities  in  L-MDA  at  the  formation  series  and 
ssociation  level.   This  is  a  conceptual  model, 
he  species  distributions  shown  are  not  rigorously 
afined. 

The  model  shown  in  Figure  one  was  successfully 
sed  to  reclassify  the  vegetation  mapping  units  of 
he   1969  Soil-Vegetation  Survey  into  the  Southern 
alifornia  Vegetation  Classification  System. 

SITEGRATION  OF  THE  VEGETATION  MAPPING  SYSTEM  INTO 
ffi  PLANNING  PROCESS 

The  vegetation  mapping  system  is  integrated 
ito  the  planning  process  by  msans  of  a  Resource 
ipability  Unit  (RCU) .   An  RCU  is  a  mapping  unit 
2scribing  a  relatively  homogenous  unit  of  land 
^signed  to  give  land  managers  easy  access  to  a 
Lde  range  of  site  specific  data.   This  informa- 
Lon  is  stored  on  a  computer  to  allow  easy  manip- 
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Figure  l--Conceptual  Model  of  Vegetation  Associa- 
tions in  Chaparral  of  Related  Formations  Laguna- 
Morena  Demonstration  Area. 


ulation  of  the  data.   The  RCU  also  serves  as  a 
device  to  give  planners  and  managers  a  rapid  "feel" 
for  the  land  by  providing  a  framework  for  inte- 
grating previous  field  experiences  with  resource 
data.   Compartment  examinations  are  the  preliminary 
phase  of  project  planning.   Existing  information 
is  assembled  and  organized  in  the  compartment  exam. 
Resource  Capability  Units  are  delineated  and  man- 
agement goals  and  objectives  are  identified.   (The 
final  output  of  a  compartment  exam  from  management 
perspective  is  a  package  of  project  proposals) . 
Project  proposals  are  then  selected  for  formal 
decision  making  on  a  priority  basis,  as  determined 
by  the  overall  program  level  strategic  plan  for 
formal  decision  making  which  includes  detailed 
alternative  formulation,  environmental  effect 
assessment  and  alternative  selection. 

CONCLUSIONS 

One  of  the  important  lessons  drawn  from  exper- 
ience in  L-MDA  planning  is  that  lack  of  resource 
data  is  not  necessarily  the  limiting  factor  for 
high  quality  chaparral  management.   The  real 
limiting  factor  is  ability  to  integrate  existing 
data  into  a  meaningful  information  system  which  is 
intimately  linked  to  management  decisions.   The 
process  described  above  is  an  example  of  how  in- 
tegration can  be  accomplished  through  comprehen- 
sive interdisciplinary  examination  of  existing 
resource  information  and  management  goals. 
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The  symposium,  held  at  San  Diego  State  University,  provided  information  about  the 
Mediterranean-type  ecosystems  found  throughout  the  world.  In  the  papers,  and  in  brief 
summaries  of  poster  displays,  both  researchers  and  managers  addressed  concerns  relating  to 
vegetation,  fauna,  soils,  hydrology,  fire,  and  planning.  A  Review  and  Follow-up  section 
presents  general  comments  of  selected  participants. 
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